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Foreword

The Pacific Telecommunications Council's eighteenth annual conference, PTC'96, is now a two-volume reality.

Over the past years, PTC has organized a rich social-informational environment which has greatly facilitated
knowledge building and networking of academic, business and governmental participants. This year's foci are
manifest in seven streams: Socio-economic issues; regulatory, legal and political issues; business and finance
solutions; country studies; education, training and human resources; convergence and networks; and, technologies
and standards. :

The quality of the papers in this volume, in the editors' assessments, has never been equalled. The"blind" review
process (no names are associated with any submission) started with more than 330 proposed papers and resulted in
the selection of 130. Each has been assigned to an appropriate session in a manner that will hopefully minimize
conflicts for participants in covering their selected topics.

PTC'96, The Information Infrastructure: Users, Resources and Strategies, is organized-in two volumes. Volume
One of the proceedings contains the papers presented on Monday of the conference. Volume Two contains
the Tuesday and Wednesday papers. As in the past, each volume has an index of subjects and a country/regional
index. Once you have identified the paper you want to.access, go to the table of contents, locate the paper, and refer
to the page number. While it is appreciated that this two-step process is cumbersome, it is necessary in order to
meet the tight "turn around” time between receiving the submissions and having the printed proceedings available at
the conference.

For the past eighteen years.the Pacific Telecommunication Council has organized a conference which has attracted
many of the leading telecommunication professionals in the world. In.order to do one's "homework" in this rapidly
growing and changing environment, attending the annual PTC conference is now seen as essential. Events of such
quality have at least a one-and-one-half year planning process. Successful conferences most definitely require
dedicated volunteer work and first-rate PTC administrative and staff support in order to facilitate distinguished
participants' contributions. The past conference successes speak well for.a high quality and dedicated group of
people. Finally, the support for the printing of the PTC'96 conference proceedings comes from AT&T Submarme
Systems, Inc. Their contribution is most appreciated.

Now, on behalf of the PTC conference committee we want to extend a warm welcome to you. From the quality of
the conference program and the quality of the papers in these volumes, PTC 96 promises to expand the reputation
of a first-rate conference.

Aloha,

Dan J. Wedemeyer
Richard Nickelson
Honolulu, 1996
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COUNTRY AND REGION INDEX
Note:- Entries concern the country or region with regard to individual projects or within the context of a given analysis.
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Section Country or region M-1.6 Bangladesh
M-1.1 Africa M-1.1 Brazil
M-1.3
M-3.2 Alaska W-1.5
. W-2.6
W-2.4 American Samoa '
W-2.5 M-1.5 Brunei
M-3.6
M-1.1 Americas
M-14 Canada
M-3.6 APEC Countries (Asia-Pacific Economic M-2.4
T-1.1 Conference) M-3.1
‘ M-3.5
W-1.5 | Argentina M-3.6
W-2.6 T-11
T-1.3
M-13 | ASEAN w24
T-1.1 -
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M-1.3 ASEAN Cellular Satellite System w-2.6
(ACES)/Garuda -
M-2.6 Chile
M-1.1 Asia-Pacific M-3.5
M-13 M-3.6
M-l' 4 W-2.4
M-l' 5 W-2.6
M-2.5 -
M-2.7 M-l 3 China
‘M-3.1 M-1.5
M-3.5 M-2.7
T-1.1 M-3.1
T-13 M-3.5
W-2.1. M-3.6
W-2.7 T-1.1
T-1.3
M-1.1 | Australia w15
M-12 w-2.1
M-1 '3 W-2.3
M-1 ) 4 W-2.7
M-1.5 -
M-2.6 W-2.6 Colombia
M-2.7 :
M-3.5 M-1.1 Commonwealth of Independent States (CIS).
M-3.6 M-13
T-1.3
w-1.1 M-24 Commonwealth of the Northern Marianas
w-2.1 T-1.2 (CNMI)
w-24 w-24
W-2.6 W-2.5




M-1.2 Cook Islands w-24 India (Continued)
Ww-24 W-2.7
M-2.6 Denmark M-1.1 Indonesia
M-1.3
W-2.6 Ecuador M-14
M-1.5
M-1.1 Europe/European Union M-2.5
M-14 M-2.7
M-2.3 M-3.5
M-3.1 M-3.6
M-3.5 W-1.5
W-1.5 w-2.4
W-2.4 W-2.6
W-2.6 w-2.7
M-1.2 Federated States of Micronesia W-2.6 Italy
T-1.2
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W-2.5 M-1.5
M-2.1
M-1.3 Fiji M-2.4
w-2.4 M-2.5
M-2.6
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M-2.6 M-3.5
M-3.6
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M6 T-14
- Ww-1.1
W-1.3
M-2.4 Guam W-1.6
&;12'2 s w-2.1
W- 2' W-2.4
W-2.5 W-2.7
W-2.6 Honduras M-12 Kiribati
w-24
M-1.1 Hong Kong
M-2.5 M-1.1__ | Korea
M-2.6 M.17
M-3.1 M2
M-3.5 M.3.3
yee M-3.4
“; 5 4 M-3.5
ks M-3.6 .
M-1.1 Iceland M:-3.1 Latin America
, W-1.5
M-1.3 India W-2.6
M-1.5
m';g M-14 Malaysia
M-2‘ M-2.6
2.7 M-2.7
T-1.1 M3 ]
w23 M-3.6
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CATV-TELEPHONY CONVERGENCE IN ASIA

Alexandra Rehak & Achmad Chadran
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ABSTRACT: The convergence of telephony and cable television technologies is fast becoming a reality, and Asia, with its ’
“burgeoning investment in telecommunications infrastructure and hunger for the latest technologies, is the site of a number
of convergence services initiatives. This paper discusses the regulatory issues and major players involved in convergence
networks and services in Asia. Specific examples of convergence services regulation and initiatives in the Philippines,

Thailand, Korea, Hong Kong, and Australia will be examined.

1. Introduction

Liberalization in telecommunications services,
coupled with a variety of technological innovations,
is fueling a convergence of telephony and cable
television technologies in Asia. This convergence
has already begun to revolutionize
telecommunications development. New players, new
alliances, and new technological solutions for
transmission and program distribution have begun to
develop. The trend towards convergence will also
lead to new strategies for sector reform, since cable
TV service providers are just as interested in
entering the telephony segment as voice carriers are
in entering the CATV market.

Due to the diverse regulatory environments
surrounding these initiatives, the evolution of this
burgeoning industry has taken a very different track
in each country. In Hong Kong, for example, the
convergence of cable television, data
communications, and telephony will be managed by
regulator OFT A with an eye toward maximizing ~-
not limiting -- competition. In contrast, in Korea the
authority to provide cable TV service will be limited
to two companies: KEPCO -- the country’s electric
power company -- and Korea Telecom. This paper
will explore the variety of regulatory issues
surrounding CAT V/telephony convergence in Asia,
including the combined regulation of CATV and and
telephony by a single authority, the regulation of
content, and the structuring of competition in the
market to ensure maximum efficiency. After
discussing the regulatory issues involved in
convergence services, the paper will move to a
discussion of opportunities available for both
operators and equipment suppliers in the
convergence services market. Finally, specific
country examples will be discussed, with attention to
the market conditions prevailing in each country and
the specific technologies being implemented.

IL. Regulatory Issues

Telecommunications and CATV services regulators
face a number of pressing new issues related to the
convergence of these services. Should broadcasting
and telephony authorities be combined into a single
entity? Given the rapid intertwining of these two
services, this is a logical step, but political
considerations have made it an issue of contention in
most countries. Regulators must also decide whether
a single set of policy guidelines should be developed
for broadcasting and telephony, so that the industry
and the networks develop in a rational and efficient
manner. The question of content regulation also
arises; regulators must decide whether to regulate
voice and video uniformly. -

Regulators must walk a fine line, encouraging
competition while ensuring that the telecoms and
CATV markets do not become dominated by a few
strong providers. Allowing CATV and telephony
services to be provided by the same operators does
open the market to this risk. However, regulators
around the world are bowing to the demands of the
market and of the operators themselves; after all,
liberalization encourages the construction of
additional lines, the development of new advanced
services and more innovative programming, and the
lowering of prices. In developing countries, allowing
operators to provide both types of services over one
network can significantly increase main line
penetration, one of the primary goals of regulatory
authorities.

Regulatory strategies vary considerably from country
to country. In some countries, notably Australia,
Thailand, and to a certain extent Korea, it is the
telephony service providers that are being
encouraged to develop such mass-media services as
video-on-demand, pay-per-view, and interactive
television. In Taiwan and the Philippines, in



contrast, cable service providers may soon get the
green light to offer value-added and data
communications services, and possibly basic voice
services as well. In nearly every case, the doors are
being opened to private sector participation, and in
certain countries to foreign participation as well.

II1. Operator Strategies

Why should a cable TV provider be interested in
providing voice services, or a telephone service
provider be interested in providing cable TV
services? The answer comes down to economies of
infrastructure and increased revenues. Throughout
the world, liberalization is breaking down the once-
impassable barriers between these two areas of
service. The U.K. offered one of the first examples of
successful commercial implementation of

CAT V/telephony convergence: cable company
NYNEX CableComms. NYNEX CableComms has
successfully provided access to 604,000 homes, or
over 24% of the 2.5 million homes in its 16
franchise areas. NYNEX’s U.K. network is based on
a “co-deployed” fiber-coaxial system, which allows
simultaneous delivery of digital telephony and
analog video through the same wire sheath. NYNEX
CableComms’ customer growth rate from 1993 to
1994 was 110% in CATYV operations and 186% in
residential relephony; the operator now has nearly as
many telephony subscribers as cable TV subscribers.

Inspired by examples such as this, a number of major
service providers have jumped into convergence
services development in Asia. On the voice services
side, active operators include U.S. RBOCs
BellSouth, NYNEX, and USWest. On the CATV
side, U.S. CATYV operators Continental Cablevision,
Tele-Communications, Inc., Time Warner Cable,
and United International Holdings have all invested
in CAT V/telephony trials or networks in Asia.

Nor are opportunities for operators limited to larger
service providers. One useful model being applied in
Korea distinguishes three different components in
the provision of convergence services: network
operators, system operators, and program providers.
Network operators, which in Korea are currently
Korea Telecom and Korea Electric Power Company
(KEPCO), own and operate the hardware for
broadcasting and transmission; this includes local
distribution systems and CATV feeder lines, which
serve the same function as trunk lines in a traditional
telephone network. System operators market and sell
CATYV services, and connect subscriber homes to the

network operators’ distribution networks; they are
functionally equivalent to local telephone service
providers who do not operate their own trunk
networks but must lease trunk lines from a larger
network operator. Finally, program providers
provide the content for the CATV channels by
producing or purchasing programming which they
sell to the system operators.

While Korea has only licensed a few network
operators, there are over 26 licensed program
providers and over 54 system operators. If network
operators decide to offer voice services over their
networks, then the system operators will be a key
part of their network strategy, since system operators
provide the portion of the network which goes
directly to subscriber homes. The Korean model will
also be applicable elsewhere in Asia; just as
regulators have carved out separate spaces for local
and long distance voice carriers, these distinctions
may be carried over to the CATYV arena as smaller
local voice carriers and local CATV providers team
up with trunk network operators to provide
convergence services. In some cases these local
networks will serve as a base on which to build a
trunk network: for example, new Chinese carrier
China Unicom is considering building local

CAT V/voice networks as the first step to establishing
its planned nationwide network.

IV. Technologies & Players

As with the process of regulation and administration
of cable TV and telephony, numerous models have
emerged for the technique of convergence itself. The
technology involved in offering cable TV services
and telephony over the same network is already in
existence, making the prospect of offering both
services even more appealing to operators. The
technology rests primarily in the access network;
trunk lines are simply broadband networks with
sufficient capacity to permit them to carry both voice
and video.

For terrestrial wireline access, several solutions exist
which permit voice and CATV transmission to the
subscriber. Fiber-to-the-home and fiber-to-the-curb
solutions are one option. While the most expensive
option, optical fiber can support the greatest number
of applications and delivers the highest transmission
quality. Fiber to the curb is a more economical
solution, since the last portion of the outside plant is
normally copper extending from a single fiber link to
4 or 8 subscribers. Hybrid fiber-coax cable also
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permits the transmission of voice and video to the
subscriber. While less expensive than fiber, HFC
Cable has been criticized for quality of transmission,
with subscribers complaining of fading and crossed
signals. Coaxial cable is the least expensive of the
wireline access options, but cannot be used for
longer distances and has less capacity than other
wireline methods.

Wireless and satellite access for CAT V/telephony
services is also available. Multipoint multichannel
distribution systems (MMDS) are being tested as
solutions in areas where rights of way are an issue,
and where operators are experienced in providing
wireless rather than wireline services. For example,
Thailand’s two entrenched subscription television
operators, INC and Thai SkyCable, use MMDS via
UHF-band radio to reach their subscribers. However,
the two operators are beginning to migrate
subscribers to a satellite-based access solution known
as DTH (Direct-To-Home), which permits programs
and potentially voice to be transmitted via satellite
directly to the subscriber, bypassing the need for a
local distribution node. An alternative satellite
solution, DBS (Direct Broadcast Set), transmits as
far as the local distribution center; wireline or
wireless access solutions are then used to connect to
the subscriber.

The development of a convergence service market is
leading to interesting developments on the
equipment front, as vendors of cable distribution and
terminal systems butt heads against the data
communications and multiplexer vendors. On the
cable side, some of the more active vendors include
General Instruments, American Lightwave Systems,
C-COR, and Zenith. Newer players offering
integrated access platforms using hybrid fiber-coax
architecture include ADC Telecommunications,
working with its subsidiary American Lightwave
Systems. U.S. vendor Tellabs provides a solution
which permits the delivery of telephony over a
CATYV network through interfacing copper, fiber,
and hybrid fiber coax cable. Meanwhile, a host of
vendors known primarily for their work in telephony
-- including Northern Telecom, Augat, Siemens,
AT&T, Alcatel, and Scientific Atlanta -- have begun
to introduce products to enable television and
telephony to be transmitted simultaneously.

Some countries, such as Korea, are developing their
own convergence equipment vendors; Korean
vendors active in this area include Goldstar,
Hyundai, Samsung, Bando Electronics, Yangjae

Systems, Opicom, and Jinwoo. Some foreign vendors
are also establishing production beachheads in Asia
which will supply partial or total covergence services
solutions in the region. ADC, for example, formed a
Jjoint venture in Shanghai at the end of 1994 to
manufacture fiber-optic video transmission
equipment under license from American Lightwave
Systems.

V. Country Profiles

To understand the magnitude of the changes taking
place in Asia’s telecom environment as a result of
the convergence of telephony and cable TV, it is
helpful to examine the regulatory conditions and
convergence service initiatives in several Asian
countries. Convergence services are already
underway in some countries, with operators licensed
to provide both telephony and CATV and networks
being built out. In other countries regulatory or
infrastructure barriers will delay convergence in the
near term, but it is expected that these barriers will
not withstand the combined pressure of operator
interest and subscriber demand.

Philippines

The Philippines now offers one of the most
liberalized environments in Asia for

CAT V/telephony convergence. Executive Order 109,
passed in 1993, is the primary impetus for the
convergence of cable television and telephony over
the next few years in the Philippines. Executive
Order 109 mandates international gateway facility
(IGF) and cellular operators to install a minimum of
300,000 and 400,000 local exchange lines
respectively within three years. These carriers may
offer local services via the existing cable television
systems -- currently there are approximately 200
cable TV operators nationwide. In the short term, the
regulatory National Telecommunications
Commission will more than likely allow telephony

- service providers the use of cable television networks

to provide basic local services: NTC is encouraging
CATYV operators to deploy fiber optic cables at 0.5
inch in diameter, a width capable of carrying voice
traffic. In addition, NTC’s Broadcast Service
Department is urging CATYV operators to upgrade
their existing CATV networks to carry both voice
and data.

Currently, no provisions or legal guidelines prohibit -
cable television operators from carrying telephony



traffic via their facilities for third parties. NTC is
also studying the possibility of allowing cable
television operators to compete themselves in the
provision of basic telephone services over the long
term. These operators are required to establish
separate franchises, however, if they intend to
provide services other than cable television
programming, The types of services permitted under
this provision remain to be defined. To date, fewer
than ten cable television providers have applied to
the NTC for permission to buy a franchise.

Not surprisingly, some major cable television
providers have approached the Philippines’ National
Telecommunications Commission (NTC) with
proposals to provide telephony service; these
companies are Sky Cable, the RMJ Group, Cavite
Cable and Oriental Cable. Although this may be a
complicated process, involving the formation of
separate entities to operate the telephony component,
the cable companies will probably succeed in their
efforts, making the Philippines’ convergence market
even more dynamic. Cavite Cable T.V. Corp. has
already conducted a convergence trial with
assistance from U.S. CATYV provider Falcon Cable
T.V. The RMJ group -- a consortium of 17 cable
television companies headed by Ramon Magsaysay,
Jr. --intends to go into cable telephony and is
currently consulting with its key CATV equipment
supplier, Jerrold General Instrument.

On the telephony side, international gateway
operator ICC is positioned particularly well to
provide convergence service in the Philippines. The
Lopez family conglomerate owns both a majority
share of Benpres Corporation -- which in turn owns
75 percent of ICC -- and cable TV provider
SkyCable. ICC intends to use SkyCable’s networks
to provide basic local telephone service to the
regions where it has been mandated to install main
lines. SkyCable also intends to expand its services in
the Metropolitan Manila area, as well as urban areas
in the northern and southern parts of Luzon, and has
approached PLDT to lease fiber optic trunk lines.
Further, NYNEX and TelecomAsia of Thailand
intend to invest $650 million in ICC’s parent
company, Bayan Telecommunications Holdings Co.
To date, primary carrier PLDT has expressed no
interest in providing CATYV service. However, PLDT
will work in conjunction with local cable operator
Country Communications in Alabang, a Manila
suburb, for the Philippines’ “First Cable Telephony
Pilot Project.”

Thailand

Thailand has a highly active market for convergence
services, with two telephony providers moving into
cable TV and a variety of new entrants in the cable
TV market who are interested in telephony. Among
the seven CATYV licensees, three operators --
Universal Cable T.V. Network, Total Access
Communication and Comlink -- intend to transmit
their programming, services via wireline media.
Despite the many ventures in Thailand’s burgeoning
subscription television market, the government
remains extremely paternalistic. Telephony services
are limited to primary carrier Telephone
Organization of Thailand (TOT) and its two
concessionaires TelecomAsia and TT&T.
Subscription television licenses require one of two
approaches. The first involves the establishment of a
joint venture with the Mass Communication of
Thailand (MCOT). The second requires licensing by
the Public Relations Department of the MCOT.
Licenses with the PRD are cheaper than concessions
with the MCOT. However, licenses are much more
short-term and if not revoked can lead to fines to
steer operators to follow the government’s strategic.
plans.

Thailand’s two local telephone service
concessionaires have already positioned themselves
as potential providers of cable television service.
Along with the licensing process, they will have to
obtain permission from TOT to transmit subscription
television signals via TOT’s trunk network, which
has been controversial. TelecomAsia (TA) -- a joint
venture between the conglomerate Thai Charoen
Phokphand Group (85 percent) and NYNEX (15
percent) -- is installing and operating two million
telephone lines under a BTO contract from TOT in-
the Bangkok Metropolitan Area. Thai Telephone &
Telecommunication (TT&T) -- a Loxley and Jasmine
International subsidiary -- has a similar contract to
install and operate one million lines in the northern
provinces outside of Bangkok. Both TA and TT&T
recently formed subsidiary companies to offer cable
television service. :

TA’s cable venture is Universal Cable T.V. Nétwork
(UTV), a joint venture between the Mass
Communication of Thailand (MCOT), which holds a
10 percent share; the TOT with 10 percent; and
Telecom Holding -- primarily owned by TA -- with a
majority share of 80 percent. UTV intended to offer
cable television using TA’s telephony fiber optic
network in Bangkok. However, in late 1994, TOT
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announced that it was considering a ban on the use
of the TA and TT&T fiber optic networks for cable
television services. UTV’s strategy was to sell 10%
of its shares to TOT and hope that it would be able to
lease lines or draft a revenue-sharing agreement with
TOT. The strategy partially succeeded. TOT granted
UTV permission to use the trunk portion of the
network, but rejected the proposal to use the access
network.

As of 2 February 1995, UTV decided to increase its
registered capital nearly 400 percent to set up its
own exchanges for its subscription television service.
This has resulted in a delay of UTV’s service rollout,
which was moved from January to 15 March 1995.
The exchanges will be a joint-investment between
UTV, its parent company and TOT. UTV has also
entered a joint venture with Siemens AG to provide
technical support for deploying fiber-in-the-loop.

Telecom Asia may also pull railway telecoms
operator ComLink into its convergence scheme.
TelecomAsia subsidiary Telecom Holding owns 20%
of Comlink. Comlink intends to use its fiber optic
network, which parallels the country’s railway
network, to provide cable television service before
year-end 1995. Comlink may eventually lease TA’s
fiber optic lines to provide CATV as well.

TT&T’s cable venture, TT&T Cable, claimed to
have received unofficial confirmation that their cable
application was approved earlier this year. Although
its official license to provide cable television service
is still pending, TT&T Cable Television Co. intends
to use its parent company’s fiber optic network. The
company expects to have 100,000 homes passed and
40,000 connected subscribers by the end of 1995.
The company will offer 15 channels in the first year,
pay-per-view after six months in service and, .
eventually, interactive TV or video-on-demand
(VOD) in the next few years. Assuming it wins the -
authorization, TT&T Cable will initially target
Thailand’s northern provincial populations. The
company will begin a cable television test in
Chiangmai and 10 other Thai provinces this
upcoming April 1995. TT&T Cable Television plans
to deploy additional facilities beyond the BTO
contract with TOT. The expanded CATV network
will cost a reported Asian industry standard of $80
per home passed.

Another recently licensed cable television operator,
Total Access Communication (TAC) -- a fully-
owned subsidiary of United Communications

Industry Company (UCOM) -- also owns and
operates a fiber optic network in Bangkok. TAC
plans to transmit cable television signals via its
existing 500-kilometer fiber optic network in
Bangkok which serves and supports its current
cellular service. TAC is planning to expand the
network to 1,000 kilometers of fiber-optic cables.
The expansion of the network is expected to cost
approximately $80 million (2 billion Baht). To date,
Nokia, NEC, Mitsui, General Instrument, and
AT&T have submitted bids to expand TAC’s current
network.

On the cable TV provider side, a variety of powerful
operators are likely to pressure Thai authorities to
grant permission for their networks to be used for
voice services. Shinawatra subsidiary IBC and Thai
SkyCable have had the benefit of five years of
experience in the subscription television market. IBC .
has benefitted from Shinawatra’s marketing and
economi might -- the company operates the Thaicom
domestic satellite -- and given Shinawatra’s
pervasive influence in the telecoms sphere could well
become a provider of local voice service in the

future. IBC and ThaiSkyCable currently use
multipoint, multichannel distribution system
(MMDS) via UHF-band radio. Both companies have
initiated the migration towards direct-to-home
(DTH) service via Thaicom 1 Ku-band transponders.

Korea .

With cable television services rolled out in March
1995, South Korea is one of Asia’s most interesting
and highly regulated CATV markets. Korea’s CATV
market is characterized by entrenched foreign
suppliers and government-favored local
manufacturers. The South Korean government began
planning for the country’s cable television industry
in 1987. The introduction of cable television was
scheduled for 1995, and was conceived as a stepping
stone for multimedia services to be developed by the
year 2010. Government plans call for cable
television service to be provided to homes across the
nation via a combination of fiber optic and coaxial
cables. These facilities will eventually be upgraded to
carry other services, such as voice and data.

Korea has one of the newest and most highly
regulated CATYV industries in Asia. The three
network operators commissioned by the government
to transmit cable television signals from program
providers to cable TV system operators and then to
the local curb are voice carriers Korea Telecom and
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DACOM, and utility KEPCO (Korea Electric Power
Co.). The first cable TV services in the country were
cut over in March 1995.

Currently both Korea Telecom and DACOM already
offer telephone service. At least initially, Korea
Telecom is the only provider ready to offer CATV
and telephony over the same network. KT is
expected to transmit CATYV signals to about 2.5 to 4
million Korean households on its new CATV
network. In the short term, KT intends to use a
satellite-based system to connect program providers
to CATV operator headends and fiber optic cables at
450 MHz for distribution of programs to the homes.
At present, KT is still undecided about the type of
long-term cable television network to deploy. KT is
currently interested in working towards the
Information Superhighway project, which will
incorporate video entertainment services -- DBS,
cable television, and Video On Demand(VOD) --
with B-ISDN services by the year 2010.

DACOM has not yet completed its nationwide
telephone network, let alone begun to offer CATV
services. DACOM was licensed to provide CATV
transmission service in four districts, including
Kangnam, Seocho, Kangdong, and Songpa.
DACOM’s current activities in the

CAT V/broadcasting arena include a satellite news
gathering network and an international TV
transmission service. DACOM expects to provide
subscribers high-definition TV service and other
VAN services through star-configured trunk network
using fiber optic and a tree & branch-configured -
distribution network using coaxial cables. To date,
DACOM has not actively pursued this network plan
and has no agreements with CATV program
providers or system operators.

Cable TV provider KEPCO is currently prohibited
from providing; telephony transmission service
However, many expect that KEPCO will be allowed
to serve as an alternative telephone service provider
within five years, once it has demonstrated its
technical and financial might. KEPCO is investing
up to $40 million in the construction of a CATV
network which will have more than ample capacity
to accomodate voice and data services. As of
December 1994, KEPCO had agreements with 32
system operators, who provide the to-the-subscriber
portion of the CATV network. Subscriber levels
could potentially reach 4 to 6.4 million. KEPCO
expects to have fiber optic trunking cables at 750

Mhz and a combination of fiber optic cables at 750
Mhz and coax wires at 550 Mhz for the local loop.

Korea is also notable for its extensive plans for
manufacturing CATV equipment locally. The
government has implemented a policy encouraging,
network operators and system operators to purchase
85 percent of their equipment locally. Korea
Electronics Technology Institute (KETI) was
commissioned to ensure that the manufacture of
CATYV equipment and parts are localized. Korea’s
Ministry of Trade and Industry has also drafted the
“Development Plan for Korean-type CATV” -- 3 72-
item list covering planned localized CATV
equipment -- to encourage local production. Such
policies thus limit foreign suppliers to participating,
in the Korean CATV market through technical
licensing, non-binding alignments with local system
integrators and distributors, or formal joint-ventures
with indigenous companies.

Hong Kong

While still hampered by regulatory restrictions,
Hong Kong is likely to become one of the primary
testbeds for convergence services in Asia. Hong,
Kong'’s voice services market was recently opened to
new operators, with New T&T, New World Telecom,
and Hutchison Telecom stepping up to challenge
primary carrier Hong Kong Telecom (HKT). The
CATYV market is limited to CATV provider Wharf
Cable until the end of 1996, but other operators are
already gearing up to step in once the market is
opened.

Former monopoly voice carrier HKT is already -
beginning to provide broadband services; while
banned from entering the CATV market until 1996,
HKT has already begun building out a broadband
network which will be more than capable of
supporting both voice and CATV transmission. HKT
began trialling video-on-demand (VOD) services in
1994. In September 1994, its technical trials of VOD
began with fifty internal users, who were connected
via Asymmetrical Digital Subscriber Line (ADSL)
modems supplied by Westell. HKT then installed
fiber-to-the-building for a second trial. HKT plans to
launch commercial interactive multimedia services,
including VOD, in mid-1996; it is currently
tendering for a network platform supplier. By the
second year after rollout, the service is expected to
reach 200,000 homes. During, the second phase of
IMS implementation, HKT will request proposals on
system integration and program management for the
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broadband network on which its service platform is
built. HKT has earmarked $64 million for the VOD
project.

Wharf Cable is moving in the opposite direction,
with plans to use its CATV network to attract voice
subscribers. Wharf’s CATV license currently does
not permit it to offer telephony services, and Wharf
subsidiary New T&T is initially investing $770
million in a fiber optic network to compete with
voice services provided by HKT and the other new
carriers. However, it is expected that New T&T will
ultimately be able to use Wharf’s extensive CATV
network as a platform for telephony and other
broadband services.

Hutchison Telecom -- already a telecoms giant in
Hong Kong -- and New World Telephone, a
subsidiary of real estate giant New World Properties,
have no CATV plans at present and are
concentrating on the early stages of building out
their voice networks which are to be cut over in
1995. Given the amount of investment planned by
‘these two carriers, however, it is extremely unlikely
~ that they will be content with providing voice
services alone. New World is investing $256 million
in its network, while Hutchison will spend $449
million initially. Both are building intelligent
broadband networks capable of delivering a variety
of services to the subscriber, and once Wharf’s
CATV.monopoly runs out, they are expected to
provide the full range of entertainment and
interactive services.

Australia

Convergence has become a new battleground in
Australia, on which Telecom Australia has pitted its
broadband arsenal against that of rival Optus. Both
companies are authorized to provide telephony and
CATV services. Australia’s telecom regulatory
situation is designed to be technology neutral and
encourage innovation and limited competition.
Telstra has enlisted Rupert Murdoch’s News
Corporation to assist it in entering the cable TV
market. Telstra is conducting a trial broadband
CATV network project which will connect 50,000
homes. The company is using an ADSL-based
distribution strategy for low-density areas, with
Philips serving as the systems integrator.

For its part, Optus is working with allies Continental
Cablevision, BellSouth, and Australia’s Nine
Network in its broadband convergence effort. Optus

plans to invest $560 million over five years in
network expansion, much of which will be directed
toward the provision of CATV services. The carrier
plans to roll out CATV service by year-end 1995,
and to capture 70% of the market for pay TV and
broadband services by 1998. Optus’ network will be
based on hybrid fiber-coax media, which will
accomodate both voice and CATV, Scientific Atlanta
is serving as the primary supplier.

VL. Future Directions

In conclusion, the convergence of cable television
and telephony services will shape several trends in
the development of Asia’s telecom networks and
regulatory environment. The integration of these and
other services will require the consolidation of
regulatory authorities, much as this may be resisted
for political reasons. As technology advances,
control of content will become increasingly difficult,
posing potential dilemmas for countries such as
China and Singapore, where politically and socially
sensitive material is highly monitored. Lucrative
entertainment services -- extending beyond cable TV
to pay-per-view, video-on-demand, home shopping,
etc. -- may accelerate telephone network expansion,
especially in rural and remote areas, where obtaining
sufficient revenue from providing voice service alone
has been a consistent problem. Finally, the
convergence of networks will also eventually lead to
large-scale consolidation within the industry itself,
as operators find it advantageous to team up,
combining their expertise and network
infrastructure.

References: The material discussed in this paper is
based primarily on Pyramid Research’s proprietary
research, including several articles from the monthly
newsletter, Pyramid Research Asia. Pyramid
Research is a market research and consulting firm
specializing in telecommunications markets in
developing countries.
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ABSTRACT

Concurrent engineering (CE) is an approach to product development that integrates a company's overall knowledge,
resources, and experience as early as possible in the design cycle. Among many technologies that support CE, we consider
two; teleconferencing, which enhances communication amongst geographically separated project team members, and
intelligent computer-aided design/manufacturing (CAD/CAM), which enhances members' productivity. We show how
these two technologies effectively combined enable conferencing over networks for on-line collaborative design.

‘For low-speed networks, we developed a CE method for exchanging and sharing product data thatis fast,inexpensive, and

compliant with the emerging STEP standard for product information representation. The method is based on efficient
product modeling that reduces the amount of data transmitted. For high-speed networks, we proposed an advanced CE
system architecture based on distributed intelligent agents embedded in CAD/CAM software. The system allows for fast
automated design by fully exploiting the inherent parallelism in the product design process.

1. INTRODUCTION

Concurrent engineering reduces the time needed to get a

product to market by allowing different groups of
engineers to work in parallel on different design and
manufacturing tasks. It assumes that engineers share
complete, accurate and unambiguous product model
definition. In addition, they have to be able to get updated
the common product model after each modification made
to it by any participating engineer even when they are
scattered throughout a vast region.

One of the enabling technologies for concurrent
engineering is groupware[1] or multi-user software. It
focuses on using the computer to facilitate human
interaction for problem solving and design in shared
environments. In the direction of shared environments
research has resulted in systems like Monet[2],
MMConf[3], and Mermaid[4]. Unfortunately, most of
these systems although advanced in capabilities do not
scale up well with industrial-strength design projects.
Briefly, the amount of information to be transmitted and
processed in real time exceeds the standard equipment
capabilities. Moreover, the groupware sofiware packages
are usually too sophisticated and huge (often providing
video-conferencing service). The running of such software
may itself take away a great part of system resources.
Therefore, deploying existing groupware software over
networks necessitates using broadband communication
links which many of small-sized companies cannot afford.
To integrate our remote facilities we set out to develop a

robust, reasonably priced, standard-compliant method that
enables review designs for huge amount of data in real
time over narrow-band communication networks. Before,
our design engineers reviewed their designs manually, by
exchanging large engineering drawings sent through the
mail. These noninteractive reviews often generated
multiple iterations of changes before converging on a
model acceptable to both design and manufacturing. Out
of frustration with this process, particularly the multiple
iterations, new interactive review techniques were sought.

We found solution in data collaboration system based on
CAD/CAM software and teleconferencing. It comprises
data conferencing software and data management
software. The former provides services for sharing “live”
documents across remote computers. The latter provides
facilites for standard-compliant product modelling In
case when communication bandwidth is less of aconcern,
we have considered an enhancement to our CE system.
Therefore, we propose embedding intelligent software
agents[5] into CAD/CAM software- that collaborate over
network.

The restof the paper is as follows. In Section 2 we describe
our teleconferencihg method. In Section 3, concerning
product data modelling, we give a brief explanation of
STEP (STandard for the Exchange of Product Model)[6].
In Section 4, to facilitate data management, we propose a
new extension to STEP by introducing a data structure
called delta file. Finally, in Section 5 we describe our
advanced multi-agent CE system.
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2. TELECONFERENCING

One step towards reducing unnecessary design and review
iterations has been made by development of the intelligent
CAD/CAM software in which we integrated design rules
generated from factory guidelines, designers' experience,
and standards. Such software makes it possible to
consider and solve manufacturing problems early in the
design process. But there are enough instances, especially
with complex and/or electrically sensitive designs, where
manufacturability conflicts with the many physical,
electrical, and/or mechanical constraints on the design. In
the first instance, managihg these tradeoffsis best done by
project team members' conferencing.

To thisend we have developed a data collaboration system
by which we efficiently transmit engineering changes
between remote development teams over the low-speed
communication links (see Fig. 1). A conference is set up
by the design location when conflicts are likely to occur.
Suppose a layout designer has an initial placement of
electronic components that he or she wouldlike to validate
with the factory that will assemble the bare board from the
specified electronics components. The design locaton is
typically the host station that drives the conference. The
manufacturing location is the remote station that is
simultaneously updated with the changes from the host
station. In the preparation for the conference, the designer
transfers a standard representation of the design to the
manufacturing site. On the actual day of the conference,
design and manufacturing both start up the conferencing
software, initialize the design, and establish a session,
connecting the host and remote stations. Next, both
stations read in design data to be reviewed. At this point,
the remote station will connect to the conference by
entering a unique session identifier, which will route the
incremental changes initiated by the host station across the
network. The remote station than suspends itself, waiting
for input from the host station. The host station must
provide the machine name of remote station and the
session identifier entered by the remote station. The
conferencing software then sets up a link between the two
machines. Both locations now see identical views of the
design. As actions and changes are performed at the host
station using the software, incremental changes are sent to
the remote station. The latter reads them and updates the
design database and the graphics screen, so that an
identical session appears there. The design location first
runs design-for-assembly audits; these check the
placement of electronics and electrical devices against the
assembly requirements and display the resulting
manufacturing violations on both display screens. Next,
the team checks against the violations and discusses the
possible tradeoffs by speaker-phone. Design alternatives
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can be explored in real time, with manufacturing
receiving immediate feedback of the changes made. The
audits may be run either dynamically or in batches, to
ensure that fixing one violation does not create another.
The team can examine the design in detail by zooming in
and out on different sections of the design or querying
attributes of the board design features. Thanks to the
real-time feedback and interactive nature of the
conference, the team can quickly brainstorm and explore
multiple design alternatives in rapid succession, avoiding
many iterations and misinterpretations. To end the
conference, the host and remote stations disconnect from
the conference using the conferencing software. The
system architecture supports conferencing over long
distances via narrow-bandwidth networking mainly in
two ways. It allows off-line transmission of a complete
representation of the product model to the remote station
prior to the conference. It also accommodates a stream of
small application-specific messages for design updates
sent from the host and received and acted on by the remote
station. These two factors allow for fast real-time
conferencing since there is no need to send massive
amounts of low-level data such as screen images.

We have adopted minimalist approach to developing the
conferencing software in that we emphasize the data
collaboration and audio functionality, with a video being a
complementary piece but not a requirement. We opted for
data collaboration tools over video because these tools are
lower priced, impact the network less and do not require
hardware upgrades. Video-conferencing requires real-
time, high bit-rate communication with low end-to-end
delay something LANs are ill-equipped to deal with. Even
with compression, most LANs today do not provide the
bandw idth required for real-time communication because
the bridging and routing devices on LAN intemet can
create bottlenecks for video traffic.

Data conferencing software is based on Novell's TSAPI
(Telephony  Services  Application ~ Programming
Interface). It has a WINDOWS-based client library and a
NetWare loadable module (NLM). We have taken
advantage of its client library to write interface to our
applications. The conferencing software uses a
CTI(Computer Telephone Integration) server to access a
PBX that connects to the other server or the PBX. This
provides telephony service to users connected to the
server or the PBX. The server-to-PBX link eliminates the
need for additional hardware in each workstation so that
any telephone set could be used at the desktop as a
peripheral device. Our desktop data conferencing system
allows workstation users to work simultaneously on an
application, annotate documents using a whiteboard,
transfer files and send messages.
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off-line transmission
- initial design model
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+

DESIGN
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Figure 1

3. COMMON PRODUCT MODEL

A complete, compact representation” of product-design
model is one of the critical elements in the architecture

since it provides a common initial state for the conference.:

The representation must be comprehensive yet
manageable. On the one hand, it must provide a complete
set of information for the product design, including the
automated manufacturing design rules and violations. On
the other, it must be small enough to be reliably

transmitted over the existing network links. Our approach -

to meeting these requirements considers extending the
STEP standard. :

We have taken advantage of the ISO 10303 (STEP)

standard is an international standard. It is a viable -

alternative to older IGES and DXF data exchanges
formats that enable application interfaces between
different application systems (e. g CAD/CAM and
databases.) It provides an unambiguous representation and
an exchange mechanism - for computer-interpretable
product information throughout the lifecycle of a product.
STEP is defined by EXPRESS (7], a language which

allows for partitioning of the diverse materials in STEP. It -

is both human and machine readable as it enhances

on-line transmission
- telephone conference
- incremental design

PRODUCT

MODEL

Teleconferencing

human understanding and generation -of machine-

interpretable applications. EXPRESS is an object-
oriented data descriptive language which characterizes
each entity by attributes, rules and constraints. It forms a
hierarchical structure of classes in which subclasses
inherit attributes, rules and constraints from their
superclasses. Please notice that STEP ‘is still under
development. The available documents are continuously
under review for modification. The STEP documentation
is organized into document clusters. Two of them are of
the special interest to us: documents on integrated
resources and application protocols.

Integrated resources define a generic data structure for
product information, and mainly consists of two parts:
generic resources and application resources. The generic
resources contain EXPRESS-defined entities which are
independent of any application. An extension of generic
resources is application resources which consistof entities
related to specific applications. In the application
resources, entities are constructed ‘or referenced from the
entities in the generic resources.

An application protocol defines the scope, context and

.information requirements of an application. Application
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software should be implemented in accordance with that
application protocol to provide standard information
structure. The product models in STEP use the application
protocols to combine information models from the library
of product information models. An information modelisa
mathematical description similar in intent to an entity
relationship diagram, but more sophisticated because
EXPRESS uses program-like notation to describe both the
data structures for representing information and the
constraints that instances of the information must obey.
For example, STEP Part 42 is an informaton model
describing the entities needed to define the geometry and
topology of a product. It describes the data structures
needed to represent many of the geometries that occur in
CAD as well as the constraints that a set of geometricentity
instances must obey in order to be topologically correct.
An EXPRESS compiler translates the information model
into a data model for a data management system. In our
test system, we customized the C++ classes generated by

data and
delta files

our EXPRESS compiler. STEP facilitates concuirent
engineering by providing acommon definition for the data
needed to populate product models. To implement
concurrent engineering, all CAD/CAM systems used by
CE teams must share a common product model, as shown
in Figures 2 and 3.

In our test system we have been experimenting with two
CAD/CAM systems: AutoCAD and Pro/ENGINEER. The
AutoCAD software serves for part configuration design
and electrical scheme modelling and simulations. The
Pro/ENGINEER system is intended for design for
manufacturing. A standard data interface called the STEP
Data Access Interface (SDAI) specifies how information
in an EXPRESS information model instance can be
accessed from applications. SDAIs are used as wrappers to
enable interoperability among different tools and
applications. We made- extensive use of SDAI when

/implementing test system as explained in the next section.

AT

~—

EXPRESS

model

data and

delta files

Figure 2 Common Product Model ‘in Distributed CE Environment

4. DATA MANAGEMENT FOR ON-LINE
COLLABORATION

Data management software, based on object-oriented
technology and STEP enables product data modelling and
extracting data changes during product evolution. It has
been implemented in three stages. First we added SDAI
interfaces to the AutoCAD and Pro/ENGINEER
modelling systems. Second, we defined the extension for
STEP in the form of delta files and implemented the t00ls

11

'to manage them. Third, we improved GUI by adding a

tool to highlight the entities in Pro/ENGINEER database

‘that are changed by a delta file.

Eventually, most CAD/CAM systems that create or
process engineering product data will have an SDAI
interface. However, because these interfaces are not
currentlly available, we had to implement them- for both
modelling systems. Figure 3 illustrates the process we
followed to add the SDAI interfaces to the CAD/CAM
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systems. We have used an EXPRESS compiler to compile
the STEP Part 42 constructive solid geometry (CSG)
model into C++ class definitions. We then used copies of
the resulting C++ library to build the interfaces to
AutoCAD and Pro/ENGINEER. This class library
contains all the features necessary to define a mapping
between EXPRESS and C++, all the methods needed to
store a product model as a STEP file, and a rich set of
methods to find the C++ object containing a particular
STEP entity instance. We implemented the interfaces to
AutoCAD and Pro/ENGINEER by adding methods to the
C++ classes in the library. As for AutoCAD, these
methods read appropriate instances from an AutoCAD
database to produce a STEP product model for exchange
-with Pro/ENGINEER. As for Pro/ENGINEER, these
'methods write appropriate instances of STEP entities
from an exchange file into a Pro/ENGINEER database.

As a part of version data control, we added a delta file
mechanism to STEP. This required two extensions. The
first let us add a unique and unambiguous identifier, the
OID (Object IDentifier), to STEP entity instances. Please
notice that the identifiers that STEP uses to identify entity
instances ina Part 21 physical file are not unique across
files. The second extension is an information model for
engineering changes. The model describes an engineering
change as a series of edits to the data instances in the
product model. To expedite the development, we included
only a minimal set of edit operators:

- Edit Attribute changes an attribute value in an entity
instance,

- Add Instance adds an entity instance to a version of a
product model, and

- Remove Instance removes an entity instance from a
product model version.

Despite its simplicity, the information model can represent
the difference between any two versions of a STEPproduct
model. Figure 4 illustrates how it captures differences
between two versions of a design. We have used three

tools, based on similar UNIX tools, to capture and apply

the changes described by a delta file:

- diff compares any two versions of a product model and
generates delta file describing their differences,

- sed applies the edits in a delta file to the entity instances
found in another version of a product model, and

- conflict finds low-level conflicts between a product
version and a delta file or between two product versions.

Delta files capture only changes between successive
product model versions. Therefore, they are considerably
smaller than original complete design files, which make

them convenient for transmission over standard narrow-
bandwidth networks.

Eventally, to make our system more user friendly we
modified system's GUI. To make the tool easier for all users
to use, we added code to highlight entities on a graphic
display when a record in a delta file indicates a change.
Now, the knowledge of EXPRESS is not necessary to use
the tool. For the test system we implemented this feature as
a command line option in Pro/ENGINEER.

AutoCAD Pro/ENGINEER

DATA BASE

Extract

SDAIl interface

SDAlinterface

C++ classes
1/O library

-} EXPRESS
compiler

Library of
geometry definitions
STEP Part 42

Write PRODUCT Read
MODEL

Figure 3 Adding STEP interfaces to CAD

The test system identifies several issues for the further
consideration when using delta files for concurrent
engineering. First, large product models may have many
entities that are not relevant to a particular engineer and

. that the engineer therefore wishes to ignore. For example,

a process engineer may only be interested in changes to
project control information in a product definition and not
care about differences in the geometry of the product.
Second, data files can be used to build a change
notification system for a group of engineers working on a
design of product. If a base product model is changed to
meet a new requirement, then: the changes can be
propagated to all other versions of product models derived
from that base model.
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Design version 1

OID: 54321 OID: 677%(0/0: 1 25(%
Attr1: 10 Attr1: 38 Altrt:
Altr2: 12 Altr: 58

4
Remove Instance: 67790

Edit Attribute: 54321, Attr2, 52
Add Instance: 64000

Edit Attribute:64000, Attr1, 38

Design version 2

ﬁID: 543NOID: 640&(0/0: 125a
Attr1: 10 Attr1: 38 Attr1: 12
Attr2: 52 Altr2: 58

Figure 4 Capluring differences between designs

5. INTELLIGENT DISTRIBUTED AGENTS
FOR AUTOMATED DESIGN

One of the advantages that our system for on-line
collaboration poses is low communication cost. However,
it best suits traditional design process, that is, point-by-
point design: a single design is created and passed, inturn,
to other project teams for modification. Each team in turn
changes the design to meet its objective by creating
another point in the design space. The weakness of this
approach is that the design process might take long time
to converge. One team might undo the changes introduced
by another, which causes the first team to change the
design again, and so forth. As explained in previous
sections, our CE method accelerates the point-by-point
approach by using common data representations based on
STEP. Using common data representation increases
communication speed by ensuring that no representation
translation is needed. But although the method accelerates
the design process, it does not fundamentally change it.
Communication 1s not the only issue, however. An
important principle behind CE is unleashing the inherent
parallelism in the design process: transforming a serial
design process to a parallel one. Such parallelism helps to
identify design conflicts early, avoiding iterations that

could arise in the serial approach. However, to fully
exploit the inherent parallelism in the design process
requires a radically different design approach and
considerably broader network bandwidth.

In case when communication bandwidth is less of a
concern, we have considered an enhancement to our data
collaboration system. We propose embedding intelligent
agents into CAD/CAM software that collaborate over
network. An agent is a computational process with
expertise about a limited portion of a design, analysis and
manufacturing problem. These “smarter” CAD/CAM
systems use the experience of expert engineers, designers,
and manufacturers not only to find problems butto correct
them. They also offer design advice, create designs
independently, and assure parts meet standards across
engineering disciplines.

The spectrum of applications for intelligent agents is very
wide. In our test system we are concerned with
configuration design where agents select and interconnect
components from a catalog of parts to implement a set of
functions. The system is a collection of loosely coupled,
autonomous agents that organize synchronous
communication among themselves based on high-level
specifications that a designer provides for a desired
design. Specifications include the functions to be
performed, their interconnections, and performance
specifications (bounds on cost, failure rate, and so on).
Agents are distributed functionally and geographically,
and communicate by passing messages so they canreside
anywhere in the network.

Agents fall into four categories: catalog, constraint, bid
and system. Catalogagents are electronic part catalogsthat
represent sets of physical parts. Components in part
catalogs can be of virtually any complexity. The catalogs
are derived from existing (paper) catalogs and from less
structured sources, such as engineering notebooks and
schematic drawings. The advanced system gives the
designer a set of electronic catalogs that are always up-
to-date. Catlog agents transform their catalog into an
attribute- space representation, communicate their catalog
to relevant constraint agents, and decide what parts to
remove to satisfy constraint violations. Constraint agents
represent feasibility constraints. They determine the set of
consistent designs, identify sets of infeasible designs to
remove, and define communication paths. The bid agent
identifies undesirable designs from set of feasible designs.
The system agent provides a graphical interface that
captures the design specifications. It translates the
specifications into the common representation, and
broadcast them to all relevant agents. Then, it constructs
so called virtual network for the current design, and



verifies that the final design satisfies the specifications
provided by the designer. (A virtual network is a specific
set of constraint and catalog agents to solve design
problem; it is a subset of all possible constraint and
catalog agents.)

Our method is a distributed, automated synthesis
approach that generates a space containing all possible
complete designs, some of which may be infeasible. The
design problem is formulated as a distributed, dynamic,
interval constraint-satisfaction problem (DDICSP)[8],
which is an amalgamation of problem solving and
reasoning methods which have been researched in
artificial intelligence (AI). Instead of reasoning over
single designs (points in the design space), our system
. enables reasoning over attribute-space as a collection of
intervals, where each interval corresponds to a part
attribute. Agents use standard interval arithmetics[11] to
evaluate constraints. They then narrow this space by
simultaneously applying constraints and preferences until
only feasible designs remain. They operate in a
decentralized fashion, exploiting inherent parallelism in
the design process, thereby speeding up the process while
guaranteeing feasibility. The more detailed explanation of
the method is out of scope of this paper and can be found
elsewhere[9].

The mult-agent system architecture is shown in Figure 5.
The crucial issue in such a system is the issue of agent
coordination which include: locating agents, establishing
and maintaining sessions among them, synchronizing
agents, detecting their failures and recovering them from
failures. This is resolved in the system coordination layer
by the enhanced client-server paradigm{10]. Please note
that the catalog agent is fundamentally a communication
wrapper placed around a part catalog. The communication
wrapper provides an interoperable interface to other
agents. This interface defines the protocol thatthe system
uses to solve a design problem.

The automated configuration design is now being applied
to large-scale engineering project. Designers role is only
to input configuration specifications and the system finds
out optimal design regarding one or more criteria. The
system enables configuration designers to have an easy
access to a wide variety of part catalogs from many
different vendors, without need to know who or where
those vendors are. By considering parts from a variety of
sources, our system can generate high-quality, low-cost
configuration designs.

Catalog Agent

CAD/CAM

System Agent Designer

Specification

l Bid Agent I[Constralnt Agent J

v
Coordination

v
I Coordination '

‘ [ Coordination \

Layer » Communication Bus \_ Llaer ] 7\

Coordination Coordination

Layer
4;

' Layer

Designer
Specificati

System Agent )

*&.«: AgeﬂLCOnstra.m Ag@

-CAD/CAM

Figure § Muiti-agent architecture for automated configuration design
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Also, electronic communication of component data can
deliver a far greater range of information to a designer
than it was possible. A distributed architecture also let
each vendor maintain its catalog agent at its local site.
Changes or additions to the part catalogs can be made
locally, and be immediately available to all users over the
network. The system lets vendors join the network
without knowledge who or where the client designersare.
This lets a new vendor become known to a large
population of prospective clients.

6. CONCLUSION

Design expertise for a complex artifact is very often
distributed among different groups, and might be
geographically dispersed in a single company or multiple
companies. The advances in telecommunication, artificial
intelligence and CAD/CAM technologies allow for
firmer enterprise integration despite such a sitiation. To
this end we proposed two concurrent engineering
methods. For low-speed networks, we developed a
method for on-line data collaboration that is fast and
inexpensive. In addition, it uses common product model,
which is compliant with the STEP standard. For high-
speed networks, we proposed a method for automated
configuration design based on distributed intelligent
agents.

As for the former method, according to field trials
conducted to get user's response the participants feel
satisfied. First, they can conference in their own
departments and time frame--a welcome flexibility, given
the hectic pace of design and manufacturing. Second,
there existing hardware, software, and networking
suffices--there is no need for expensive high-bandwidth
links or new hardware devices. Third, the design interval
has been shrunk and many iterations are avoided. Fourth,
since the conferencing mechanism is built into the
software, the participants are not bothered by an
additional conferencing apparats, other than at the start
and end of the conference. They can therefore focus their
full attention on the problem at hand. Finally, the
participants report that the dynamic communication
through the conferences raised the level of teamwork
between design and manufacture. A new level of

ownership for the design and the resulting tradeoffs has -

also been created. Furthermore, for a design review of the
type portrayed, this way of conferencing islesscostly than
the typical teleconferencing available today.

However, even though common product model and
teleconferencing let all designs concerns participate early
in the design, the problem remains that each participant
changes the design to satisfy constraints and preferences
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from its perspective, without regard to how its decision
will affect others. This causes needless iterations.
Expansion to hundreds of components and constraints and
many interested participants from different documents
(marketing, finance, and so on) compounds the problem.
To cope with the problem, we proposed asystembased on
intelligent software agents. Adding intelligence to system
may improve its functionality in various aspects. For
example, we conjured up collaborating agents that
generate a space containing all possible complete product
designs, some of which may be infeasible. They then
narrow this space by simultaneously applying constraints
and preferences until only feasible designs remain. The
system operates in a decentralized fashion, exploiting
inherent parallelism in the design process, thereby
speeding up the process while guaranteeing feasibility.. In
addition, we envision the other applications forintelligent
agents that somehow upgrade on-line collaboration such
as ones that coordinate engineering changes, manage delta
files, and notify users when critical values change.
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The Development of Interactive Multimedia Services (IMS)
Samantha Hon
Hongkong. Telecom, Hong Kong

On top of technology advancement, the development of Interactive Multimedia Services (IMS) will be
affected by four major factors: demand for IMS, initiatives by business corporations to provide IMS,
macro environment and regulatory framework. This paper examines the status and the outlook for these

four factors.

We are entering into an era of electronic
information where people can access the
required information, entertainment and
services easily with TV or PC.

The major benefits to customers is one of
convenience. To businesses IMS provides an
economical and direct means to reach their
customers.

To turn the theory into practice, four enabling
factors need to be satisfied:

A) Market demand for IMS

B) Initiatives by business corporations

C) Favorable macro environment

D) Adaptable regulatory framework.

(A) Market Demand for IMS'

IMS allow users to retrieve, process or transmit
video, audio and data on a point-to-point or
one-to-one basis. IMS is made possible by the
Shopping,
entertainment, banking, education and a host of
other services can be accessed from the office

convergence of technologies.

computer, the home television or even when
you are on the move.

There are many estimations on the market
potential of IMS. The most recent development
of Internet can be used as a reference in
estimating the potential of interactive
multimedia services.

! “Designing Electronic Catalogues for Business Value”,
Oct 1995, CommerceNet
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As the technology developed, the current text and
graphics oriented wet site furnishing will be
enriched with audio and video in the longer run.
The demand on web illustrates the potential of
online interactive business development. Web
allows user to access documents that have been
linked across the Internet. It does not require the
user to learn a lot of commands. You can jump
across difficult documents just by reading the text
or images and select the items that you wish to
view. Internet has been in place for 25 years but
the major growth occurs in the last three years
due to the development of Web and the graphical
browsers such as Mosaic and Netscape. It is
estimated that today there are over 23,000 Web
hosts worldwide, more than 178 times of the
count in 1993 and the number of Web hosts is
doubling every 55 days.

The global reach and the variety of readily
available content enable web to reach the critical
mass quickly. It is estimated that there are 20 -
30 million people using Internet (Netscape reports
an average of 15 million hits per day). The
demographics of these users, who are
predominantly young, middle to upper class,
well-educated and highly motivated attract the
“gold rush” over the Internet by commercial
organizations.

Further, there are 6 million online users who
spend around 2 hours online per week. The
major service providers are American Online,
CompuServe and Prodigy.
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As various applications developed, content
providers will enrich the content with audio and
video and people will demand more and more
bandwidth. The current development on
Internet will establish a solid foundation for the
growth of the long term broadband multimedia

. network.

(B) Initiatives by Business Corporations

The rapid development of applications over
Internet are driven by the strong motivation of
the companies to: ' '

Maximize Market Exposure

Providing information to customer
anytime when they want without
requiring the customers to have any
prior knowledge or contact with the
company, Web site enables the
companies to widen their exposure
beyond their normal communications
sphere.

Many companies use Web site to :

e advertise their service,
products or promotion
programs )

e communicate press release,
vision, mission, corporate
structure

e outline corporate structure

e provide product information
(product listing and
brochure)

e present geographical
coverage and office
locations

e  place vacancy notice for
recruitment

Stimulate Sales Lead

Riding on the curiosity of users to check
for information through Web, merchants
stimulate sales leads by :

e ensuring that the catalogue are
available anytime online (flower,
books, gifts etc.)

e making online transaction easy

e providing promotional programs
tailor-made for the online users

e accepting on-line request for
quotation, products and services

e registering the customers who
show interests in knowing more

Customers can place order at their
convenient time even when they have
missed the opening hours of the retail
outlet or sales offices. The new media
enable companies to extend its reach to
the untapped market and capture the
potential of impulsive and convenient
buying as well as educated purchase.

Reduce Costs and Time to Information
and Service Delivery

Online access facilitates the evolution of
information publishing and process re--
engineering and results in time and costs
saving : '

Information Publishing

Providing information on-line can
substantially reduce the costs and time
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of publishing and distribution. Before
using on-line services, companies -
produce catalogue, product literature,
annual reports etc. in large quantity by
estimating the potential demand and
the copies have to be shipped to outlet
locations to facilitate customer access.
Further, whenever there is any change
in information, the old version printout
will either be abolished or require
labor work to make amendment.

After making decision on changes of
information, it often takes weeks or
months for the new version of printout
to-be available to customers.

In the era of electronic information,
companies can substantially reduce the
quantity of hardcopy and ship out
printout only when they are requested
by customers. Some companies even
simply cease printing certain types of
literature and use online as the prime
information provision platform. More
importantly, any changes in
information can be made quickly on
the electronic files and publish online
within hours without incurring wastage
of printout material. Customers can
always get the latest updated
information online.

Process Re-engineering

Computerization is an important
process in enhancing efficiency and
- effectiveness of business operations.
In the past, companies employ sales
persons to answer questions from
customers. In the last few years,

interactive voice response system have
been widely used by companies to
facilitate information provision and
business operation (e.g., phone
banking). The logic behind the
development is that a lot of the operation
are repetitive in nature and, therefore,
can easily be handled by machine.
Web/online services will further extend
the potential of computerization by
enhancing the human machine interface
and increasing the volume of information
flow : provide text and graphics of
information for users to read and allow
users to key in the user information or
request. For example, Cisco is offering
technical support online through
Internet. The development will
accelerate the trend of computerization in
certain areas of sales, marketing and
customer services

Lock in Customer

In a competitive environment, companies
need to stay close with their customers to
know their needs, response to their
request and provide services. Using

~online or Web site is just like opening a

mini sales or customer service centre at
the desktop of the customers, allowing
them to access services at their finger
tips. Further, companies can also use
online services to :

e collect customer feedback,
process and analyze customers
needs to compile valuable
marketing intelligence

Qo 4 7
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o conduct target marketing, offers
tailor made products and services

e address any potential threats and
opportunities quickly by adjusting
pricing, providing new service
packaging and offering target or
time specific promotion.

(C) Favorable Macro Environment

The Environment in which IMS operates will
be crucial in determining IMS business.
Different environment may have different
enabling factors. For example, we see the
following factors contributing to the IMS
development in Hong Kong:

1. High Households Density
Being one of the most densely populated
city in the world, Hong Kong has a
households of 6 million people living on its
1,000 square km. Ninety percent of people
in Hong Kong are living on high rises
where there are, on the average, 174 homes
per building. This environment enables us
to enjoy the lowest network costs in the
world.

2. Advanced Telecommunications
Infrastructure
Hong Kong is the first city in the world to
have a 100% digitized network. This
provides a solid backbone for us to upgrade
the infrastructure to a broadband network.
Further, more than 85% of the high rise
buildings are within 5 km of one of our 83
exchanges, ensuring minimum incremental
costs and time required in rolling out the
service to target areas.
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3.. Affluent Customers

Enjoying the low tax rate, Hong Kong people
spend more than two times on entertainment
than people in other major cities or countries
(e.g., US, Japan, UK, etc.). The GAP
growth in China and other major development
areas in Asia is around 10% while that in the
State and Europe is just around 2%. Hong
Kong is playing the role of regional hub and
professional resource centre for the region and
share the prosperity of the region. The
economic well-being will provide a solid
foundation for various IMS development.

4. Track Record in Adopting High Technology
Products
Hong Kong has proven track record in
adopting the latest technology for
entertainment and personal convenience. For
example, it has the highest laser disc player
penetration in the world (it is 45% in Hong
Kong, 12% in Japan, 6% in US and 2% in
UK). Other examples include the popularity
of mobile phones, pager and new car models.
We believe that Hong Kong people will
appreciate the importance of convenience and
use IMS to enhance the quality of their busy
lifestyle.

5. Opportunities for Target Marketing
In Hong Kong, direct marketing is still in its
embryonic stage. From merchant’s point of
view, the only major communication channel
is mass media: free terrestrial TV, radio,
magazines, newspaper, etc. There is a strong
demand from the merchants side to access the
-target customer group and to communicate
tailor-made customer specific messages. IMS
will, with its database on customer
demographic data and spending behavior, fill
the gap and become a major platform for target
marketing.
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(D) Regulatory Framework

The market structure of the IMS will be
composed of a limited number of fixed
telecommunications network licensee as the
transport service providers and a number of
individual or collective content providers
operating in a competitive environment.

Based on the perceived impact of IMS on the
community and form research of various
regulatory models, we see that it is very
important for the regulatory framework to
fulfill the following guiding principles :-

1. Positive
That the regulatory framework should
encourage the private sector to take initiatives
to develop services for the community, and to
build an information superhighway which
will strengthen commercial and
communication activities.

2. Flexible
That the regulatory framework should
provide room for technology advancements
which are accelerating everyday.

3. Pro-competition
That the regulatory framework should
encourage open competition

4. Simple
That the rules and regulations should be easy
for the private sector and the community to
follow and that the cost of administrative
overheads should be kept to a minimum.

5. Built on Existing Legislations
So that consistency can be maintained and
that new services to the community need not
be delayed by the lengthy process of
legislation.
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Conclusions

The development in information superhighway
will enable the whole community to become more
efficient and effective. End users and various
business organizations will benefit from the
development. I would like to use the conclusion
of the Group of 7 (G-7) Summit, which included
France, Canada, Italy, US, Germany, Japan and
UK, held in Russell on 24-26 Feb. 1995 on
“Global Information Society”, to wrap up this
speech. It says :-

“Progress in information technologies and
communication is changing the way we live, how
we work and do business, how we educate our
children, study and do research, train ourselves,
and how we are entertained. The information
society is not only affecting the way people
interact but it is also requiring the traditional
organizational structures to be more flexible,
more participatory and more decentralized.”
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MMDS: A Low-Cost Infrastructure for Video, Voice, and Data

Bruce Carruthers, Steve Czarnecki, George Mandanis
SMG North America
San Frantisco, United States

ABSTRACT

This paper examines the relative costs, performance attributes, and deployment advantages of wireless cable Vis-a-vis
alternative wireline, wireless, and hybrid network infrastructures designed to integrate the offering of video, fixed
telephony, and data services within a local market. The paper focuses on the use of wireless cable for the creation of

new networks to support a wide range of services.

INTRODUCTION

“Wireless cable” video service began in the United
States in the early 1970s as a single-microwave-chan-
nel service authorized by the Federal Communications
Commission (FCC) for the distribution of pay TV
movies to hotel rooms. In an attempt to prevent the
service from languishing and to promote competition
to cable TV, the FCC, in the early 1980s, authorized '
additional channels and combined other channels to
create Multichannel Multipoint Distribution Service
(MMDS). still, the business suffered from regulatory
barriers and the resulting failure to attract serious, rep-
utable investors. In fact, by 1989, U.S. MMDS had only
a handful of subscribers; in the ensuing six years, how-
ever, subscribership has grown to 750,000. Elsewhere
in the world, MMDS growth did not begin to take off
until 1991. Currently, there are four million subscribers
worldwide, and by 1997, that number is expected to
quadruple. The equipment market, today worth $4 bil-
lion, will grow to $14 billion within the same period.

The principal reasons for deploying these systems are
the ease of installation and the relative low cost for both
installation and maintenance. Figure 1 defines the vari-
ous technologies for video distribution. Figure 2 (next
page) compares the costs of deploying new video sys-
tems using various technologies.

CURRENT STATUS OF MMDS

MMDS systems have been deployed in 69 countries,
reaching about 150 million line-of-sight homes. The
strategies of the MMDS operators as well as the locales
in which they operate vary widely, but the low cost of
deployment is universally appealing and is a principal
growth driver. Some 290 systems are in operation
worldwide in locations such as Mexico, Mozambique,
Iceland, Australia, the Commonwealth of Independent
States (CIS), and throughout the United States. For
example, MVS-Multivision SA de CV in Mexico City,
one of the largest MMDS operators, currently serves
450,000 subscribers. Australia's Media (a direct-to-

FIGURE 1. Competing technologies for video distribution

Technology Description

Old cable Coaxial-cable-only network using analog technology

Upgraded Hybrid network using fiber cable to connect local nodes from which subscribers are served by

cable coaxial cable

DBS Direct broadcast satellite system using geostationary satellites and 18" -diameter subscriber
dishes

ADSL Asymmetric digital subscriber line—electronic enhancement to telephone twisted-pair copper
loop '

Wireless cable | MMDS and LMDS (Local Multipoint Distribution Service)

it
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FIGURE 2. Average U.S. investment cost per subscriber, video service only (U.S. dollars)

Distribution Subscriber equipment and antenna2
Celltransmitter!  network?2 Analog Digital Installation2 Total2
Cable3 0 667 200 350 175 1.042-1,192
MMDS ~30 0 350 450 175 555-655
LMDS ~30 0 400 500 175 605-705
DBS Earth station Satellite N/A 700 225 925

1Per home passed or seen; 2 per home served; 3 at 60 percent penetration of homes passed by cable

home licensee) has 542 Australian franchises and is
building rapidly. TVA, the pay-TV unit of Grupo Abril in
Brazil, believes that MMDS will have 30 percent of
Brazil’s overall TV market by 2005. In the United States,
Pacific Telesis became the first major telephone com-
pany to offer wireless cable television service via its
acquisition of Cross Country Wireless, Inc., and recently
acquired systems owned by Canadian-based Videotron
that will extend its reach to nine million line-of-sight
homes. Bell Atlantic and Nynex have invested in CAl
Wireless Systems, Inc., which serves areas of the East
Coast. And together, Pacific Telesis, Bell Atlantic, and
Nynex formed TELE-TV, a venture that will develop
programming services to be offered via MMDS systems
to customers in each of their service areas.

Some operators, including those planning to reach
potential markets using combinations of MMDS, cable
TV, and DBS, believe that MMDS will be only an interim
technology, chiefly because of the limitations of chan-
nel capacity and propagation characteristics. Others
believe that MMDS will overcome its limitations and
continue to be a viable and profitable video technology.
Bell Atlantic and Nynex indicate that MMDS may well
be an “interim” technology, but the interim may last for
15 years. In addition, the president of MVS-Multivision
has said that MMDS as a video medium will be impor-
tant in Latin America for the next 10 to 20 years; he also
believes that distinct market niches may be appropriate
for MMDS, cable TV, and satellite indefinitely.

Indeed, at the rate MMDS technology is evolving, it
~ may become a widespread, permanent feature of the
landscape:

* Digital compression technology is in the commercial
testing stage.

* Antennas with built-in decoders are being tested.

* Research and development (R&D) efforts are being
focused on minimizing line-of-sight limitations and
developing interactive capability.

* Associations are actively funding R&D, including the
development of standards.

Even analog systems will continue to grow for some
time; U.S. operators indicate that analog systems are
economically viable at a household penetration rate of
only 10 percent. Figure 3 (next page) details perfor-
mance characteristics of several alternative technolo-
gies, demonstrating the relatively favorable position of
MMDS.

BEYOND VIDEO

Thus far, the proliferation of new and expanding wire-
less cable systems has involved video services only. But
these systems also have the potential to become a low-
cost, integrated medium for providing voice and data,
as well. Figure 4 (next page) shows the costs of combin-
ing telephony and data with video in an MMDS net-
work designed from the start as an integrated infra-
structure. For the purposes of comparison, Figure 4 also
shows the costs of adding on telephony to preexisting
cable TV systems (old coax and upgraded cable). Only
10 percent of subscribers in the United States are served
by upgraded cable; thus, even treating the investment
in existing cable TV systems as sunk, a completely new
MMDS system is, more often than not, less costly than

01
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FIGURE 3. Performance comparisons

Mainten-

via alternative path; 8 switched

Potential Local Potential
numberof  Current/ program- for ance
video feasible area Signal min§ interactive- require- Service

channels*  coverage® quality capability services ments reliability
Old coax cable ~50 80/0° Poor Yes Limited” High Low
gggii%?e 300+ 10/90 Excellent Yes Yes Moderate Medium
DBS 200 2/80 Excellent No Limited? Low High
ADSL 1to 48 0/100 Fair- Yes Yes Moderate High
Wireless cable 300+ ~1/~80 Excellent Yes Yes Low High

4Based on U.S. frequency allocations; 5 percentage of U.S. households; “accessible” is defined as being technically and opera-
tionally feasible, ignoring economics and market factors; 6 old cable will eventually be replaced by upgraded cable; 7 upstream

the incremental investment needed to add telephony to
preexisting cable. -

Figure 5 (next page) is a generalized network diagram
for interactive MMDS. The concept of an interactive
configuration is beginning to catch on in a number of
areas. In the CIS, Metromedia International Telecom-
munications has chosen to deploy wireless cable for
telephony because of its low cost. Also, a British cable
TV operator—EuroBell—intends to deploy MMDS in
two rural areas, offering both telephony and video.

For the areas of the world in which the telephony infra-
structure is primitive or, in some cases, nonexistent, -
MMDS can be a quick, simple, cost-effective solution.
Despite the thousands of words written about “any-
where, anytime" communications, the information

superhighway, low earth-orbit satellites (LEOs), and so
on, the number of telephone lines per person varies
enormously from place to place. For example, according
to 1993 statistics of the International Telecommunica-
tions Union (ITU), selected teledensity (telephone lines
per 100 persons) in areas of particular interest to PTC
'96 are as follows: six in Brazil, 10 in Indonesia, and 56

in the United States. Worldwide, teledensity varies simi-
larly by continent: 3.9 in Asia, 14 in the CIS, 15 in Africa,
26 in the Americas, 32 in Europe, and 37 in Oceania.

The resources required to bring dialtone to underserved
areas cause continuing concerh among agencies
involved with funding modemization. Fixed wireless
(other than MMDS) and cellular solutions are being
licensed and deployed in a number of these areas, but
none of these carry the advantages of MMDS, which

FIGURE 4. Investment cost? per subscriber for combining telephony and data with video (U.S. dollars)

penetration

Receiver, switch, Subscriber

and backbone10 equipment10 Installation’®  Cable upgrade'® Total10
Integrated MMDS 125 525 175 N/A 825
system
Upgraded cable 125 375 175 0 675
(preexisting)
Old coax cable 125 375 175 37511 1,050
(preexisting)
LMDS 125 575 175 N/A 875

9 Based on U.S. costs; 10 per home served; 11 upgrade of all coax plant to fiber/coax at $225 per home passed with 60 percent
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FIGURE 5. Generalized interactive configuration

Head end/cell site equipment

Customer premises equipment

©SMG North America, 1995
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can provide a “pop-up"” telephone network quickly and
cheaply in combination with video distribution.

SPECTRUM ALLOCATION

Even though licensing and spectrum issues, as well as
technical issues, have limited the growth and full poten-
tial of MMDS up to this point, frequency allocation is
moving ahead:

[ ]

The U.S. standard, 2.5-2.7 GHz, has turned out to be
the one deployed most often worldwide; widespread
deployment of one standard helps bring down the
cost of equipment. In addition, fewer repeaters are
needed at this low frequency, and digitization can
enable frequency sharing in locations where these
frequencies are occupied (mainly for government
and military use). '

Twelve-GHz systems are being implemented in some
areas not amenable to good transmission at the lower
frequency, e.g., in the Arabian Gulf and Hong Kong.

Forty-GHz frequencies have been allocated by the
UK for wireless video service; in addition, CEPT has
recommended 40.5-42.5 GHz for European systems.

A video trial at 28 GHz is in progress in the United States
for LMDS, and a video system at this frequency has
already been deployed in Caracas. Also, licenses at 38
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GHz in 35 principal U.S. cities have been awarded to
WinStar, which will provide local access service for long-
distance companies, competitive-access providers
(CAPs), and mobile (cellular and PCS) operators.

In general, regulators of spectrum worldwide are show-
ing greater interest in authorizing and promoting wire-
less video in the conventional mode, but the real bene-
fits may derive from combining video and telephony.
Thus far, few authorities or operators seem to have con-
sidered it. For underdeveloped areas, it may be the best
choice. And for areas of the world in which adequate or
even sophisticated infrastructure exists and in which
competitors in both telephony and video are increas-
ingly active, MMDS may still offer great potential. The
fact that some of the U.S. Bell operating companies and
other entities having relatively sophisticated infrastruc-
tures already deployed are investing in MMDS may
indicate that it can be the system of choice for a variety
of integrated applications.

SUMMARY

The overall advantages of MMDS for offering inte-
grated services are the following:

* Favorable investment costs and performance attrib-
utes for video distribution vis-a-vis cable TV and DBS

* Capability to support a low-cost fixed wireless
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approach forinterexchange (long distance) access
and local exchange service

Rapid deployment potential—no need for staged
infrastructure build out

Capability to accommodate a wide range of sub-
scriber densities via straight-forward frequency reuse

Engineerability to grades of service equal to, or better
than, those of the telephone industry

Less complexity and lower cost than PCS or digital
cellular because fixed subscriber antennas and higher
transmission power can be used and no cell-to-cell
handoff is needed

Capability to leverage technologies already devel-
oped for PCS and digital cellular

Favorable risk and cash-flow structure for video and
telephone investment since the principal investments
are made only as subscriber demand materializes

Broad market coverage facilitated by beam benders
and digitization

Capability to provide local programming (versus DBS)

Capability to leverage technological developments
already underwritten by cable TV and DBS

Capability to implement interactivity cheaper and
faster than cable TV.

Given this long list of advantages, MMDS would
appear to be a compelling choice for an integrated
telecommunication systemin the 80 percent of the
world that is currently underserved.
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Pacific Islands Business Network (PIBN):
Marketing Oceania Overseas

James Di Giambattista, Ph.D.
Pacific Islands Development Program
East-West Center
Honolulu, Hawaii, USA

ABSTRACT

The Pacific Islands Business Network (PIBN) is an online database service designed to serve the needs
of business-to-business communication among producers of goods and services in the Pacific Islands and their
mainland counterparts. By registering these geographically remote businesses and their products in specific
detail on the Internet, it seeks to bring them into a wider sphere of commercial exchange. The PIBN includes
significant background information on the details of doing business or investing in the Pacific Islands in the

form of a virtual electronic library.

In October 1992, the Pacific Islands
Development Program at the East-West Center
‘began studying the feasability of an on-line
information service to foster the sharing of basic
government published information among Pacific
Islands states and other Internet Users. The flow
of indigenously published information from the
Pacific Islands states to the rest of the world is
sparse, and bears comparison with the flow of
information from such underdeveloped regions as
West Africa. There are several reasons that
information flow out of individual Pacific Islands
states is poor.

Information Dissemination
in the Pacific Islands Region

Historically, it is only within the past
thirty years that the metropolitan powers in the
Pacific - Australia, the US, New Zealand, and
Great Britain - have largely withdrawn from
direct involvement in the affairs of the Pacific

‘Islands states. The first independent state in the
Pacific (aside from Tonga, which has always been
independent) was Western Samoa, which became
self-governing in 1962. The most newly indepen-
dent state is Palau, which gained independence
with the ending of the US Trust Territory agree-
ment in 1992.

As the metropolitan powers have turned
over the keys of government to native administra-
tions, the public information and publishing
functions of individual governments often under-
went significant changes. Colonial administra-
tions were geared to publishing government
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information on a highly regular schedule and
distributing it within the island state, to authori-
ties in the colonial motherland, and elsewhere
abroad. Native administrations which followed
often saw publishing primarily as means for one
branch or program of the government to inform
other areas of government about their activities
and plans. In short, the newly independent island
nations often overlooked the external importance
of their publishing functions, and concentrated on
the internal publishing and circulation of docu-
ments.

It must be clearly understood that this
was not an attempt to limit the knowledge of
citizens about their governments, but a different
cultural understanding by the indigenous peoples
of the public information functions of govern-
ment. The pattern also does not fit every govern-
ment in the Pacific. There were exceptions. The
Solomon Islands, for example, followed through
on the distribution of government information in
the wider pattern established the previous
colonial administration.

The Pacific Islands Development Program
and the Principal Investigator began examining
what, if anything, had been lost by this change in
the distribution of government-published infor-
mation by Pacific Islands states. While persons
located outside the Pacific Islands often look at the
Oceania region as a whole, the current flow of
information from individual Pacific Islands
nations is generally sparse and limited to a few
offices in the former metropolitan power respon-
sible for governance during the colonial period.
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Present links between the Pacific Islands
states and the metropolitan powers in the region
primarily involve trade, economic assistance,
migration of islanders, and inter-government
cooperation. These links are of tremendous
economic, political, and social importance to
Islanders, but none of them are organized infor-
mational links. At the same time, there is a
growing regional identity among Pacific Islands
states and peoples. On the level of government, a
growing cadre of leaders and bureaucrats from
different states work together in regional organi-
zations like the South Pacific Forum, and the
regional bodies of international organizations like
the United Nations Development Programme, the
European Economic Community mission to the
Pacific, and the South Pacific Regional Environ-
mental Program. There also is slow but steady
progress in the growth of intra-regional trade in
some speciality agricultural commodities and
manufactured products.

The Pacific Islands
Business Network

An initial goal of the Pacific Islands
Business Network (PIBN) was to create a virtual
electronic library and provide users with on-line
access to the core of government information
relevant to devising new laws, trade, investment,
and economic development policies in the Pacific
Islands region. The object of the database was to
provide Islanders with a concrete information
base for intergovernmental dialogue and the
formulation of policies by each government with a
view towards regional trends and precedents in
other Pacific Islands states. A few examples
include: new states like the Federated States of
Micronesia which were drafting the kinds of
foreign investment laws that already were in place
in Cook Islands. Papua New Guinea’s experience
in building cooperation between government and
landowners to create special environmental areas
had potential value as a precedent for policy
makers in Fiji, Western Samoa and Vanuatu. A
wider understanding of Fiji’s wage/price struc-
ture and foreign investment climate might lead
other Pacific Islands nations to consider adopting
similar policies to grow and diversify their econo-
mies.

By also making this kind of information
more widely available to users located in the
metropolitan powers, the database would enhance
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the ability of the private sector to increase trade
activity with the Pacific Islands region by making
laws, foreign investment regulations, and the
conditions of trade clear and visible to all parties.

Changes in the Design Concept
Resultin Funding

After an extensive (and unsuccessful)
search for funding from national and interna-
tional foundations, the project was revised to
create more specific improvements in how Pacific |
Island nations communicated with the rest of the
world. Project funding now was sought for
development of an on-line database service that
would stimulate trade among Pacific Islands
states, and between them and other major
trading partners. Building on concepts devel-
oped by the Canterbury Development Council in
Christchurch, New Zealand, the Principal
Investigator began development of a database
and electronic library whose specific purpose
was to promote products and services originating
in the Pacific Islands to potential customers
within the region and abroad. The virtual
electronic library portion of the database would
serve as a set of documents backing-up the trade-
centered activity of the database.

After a careful examination of the World
Trade Center Database, and the US Dept. of
Commerce National Trade Data Bank, it was
determined that there was no database designed
to move specific goods and services produced in
the Pacific Islands states into US markets or other
markets world-wide. In fact, the US Dept. of
Commerce’s NTDB generally failed to include
trade profiles for most Pacific Island states.
These profiles most often are supplied by the
Foreign Commercial Officer at US Embassies,
and profiles existed for only two of the 21 Pacific
Islands states. On this basis, a seed grant was
provided by the United States Agency for
International Development.

Hurdles in the Distribution
of PIBN Services

Internet services in the Pacific Islands
generally are at a low level. In October 1992, the
University of the South Pacific was using a 1200
baud connection to call into the University of
Waikato, New Zealand, to obtain twice-daily
dumps of its E-mail. By October 1995, USP had
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its own 4800 baud line for its Internet link.
Government agencies in Suva, do not have
Internet access, but Fintel, Fiji’s overseas tele-
phone corporation, plans to initiate trial services
in the first half of 1996. With the reconfiguration
of its satellite and switching upgrades to eight
stations, PeaceSat soon will provide time-limited
direct remote data communications to the eight
upgraded stations on its Pacific network. From
the PeaceSat node in Honolulu, users can move
onto the UH Internet node. In remote areas like
Kiribati and Tuvalu, there is the possibility of
receiving e-mail through a dial-up link.

There are some notable exceptions to the
paucity of Internet services in the Pacific. SOPAC
in Suva, Fiji is fully served and technologically
current, as is ORSTOM in Tahiti with its four 9600
baud lines into Paris, and Papua New Guinea has
established T-1 links into Aarnet.

Combatting North/South
Inequalities

Any discussion of the technical consider-
ations of the project would not be complete
without a discussion of its cross-cultural consider-
ations. While these considerations may seem only
technical, they speak to a large gap between
Pacific Islands states and the region’s metropoli-
tan powers in their level of the connectivity.
While that gap may not be felt critically in Wash-
ington or Canberra, it certainly is apparent to
Pacific Islanders who could use Internet services
to bridge thousands of miles of ocean. It became
obvious that the trade database envisioned by the
Pacific Islands Development Program would have
to patch together the Internet services that Pacific
Islanders did receive to create comparable two-
way flows between their nations and the metro-
politan powers in the exchange of trade-related
information.

It was envisioned that the East-West
Center server or a'server located directly in
Pacific Islands Development Program would
distribute the database over the Internet. To meet
Pacific Islanders’ needs, a call-back system was
- considered first so that Pacific Islanders to call
directly into the system, identify themselves, and
receive a call back from the PIDP computer. This
system avoided the high tolls that most Pacific
telecoms charge for international service. It was
abandoned because of high development and

operating costs, and because standard line service
between Hawaii and much of the Pacific is
generally poor and undependable.

Project staff also noticed that telecom
services in the Pacific were changing quickly and
that Internet service should follow. Three years
ago, Internet representatives said that they didn‘t
expect to reach the Pacific Islands for another

. fifteen to twenty years. Yet, three years after the
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Pacific Islands Business Network was first
conceived, PNG and French Polynesia have full
Internet service, Fijis Fintel is about to begin trial
services, and PeaceSat is about to establish time-
limited services in eight other locations.

. The Principal Investigator also began
considering a variety of media for distributing the
database in the Pacific, such as CD-ROM and
diskettes for those locations that lacked Internet
service. Using CD-ROM technology, the FSM
Department of Commerce and Industry now is
considering providing PIBN database services to
each of its proposed Business Opportunity
Centers in provincial town locations. To accom-
modate those locales with Internet access, but
with limited communication speeds, optional
visuals will be programmed into the database,
and consideration given to PC emulator software
that would allow users in the Pacific to call in
with a search strategy already formed and simply
use the search engine to download information
from the server.

The Canterbury Development
Corporation Model

The Canterbury Development Corpora-
tion (CDC) based in Christchurch, New Zealand,
has developed a database service designed to link
business customers with manufacturers and
suppliers located within New Zealand’s Canter-
bury province. Their goal is to use information
about products made in Canterbury or distrib-
uted there to promote their sale within Canter-
bury or anywhere outside it. It is a primarily
business-to-business information service. Pro-
spective purchasers may inquirein person or by
phone about products and services . All-search-
ing is mediated and done by a professional
during office hours. The CDC claims that 40% of
all enquiries have lead to purchases or investment
in Canterbury Province.

(9]
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The CDC also maintains a list of potential
investors and their specific interests and require-
ments, along with a similar list of businesses in
Canterbury seeking investment. It attempts to
bring these parties together, without becoming
involved directly in any transactions.

Building on these concepts, the Principal
Investigator sought to build a database that could
be searched by unsophisticated computer users at
any time of day, and that would highlight indi-
vidual products as well as the corporations that
made them. The goal was to provide sufficient
business-to-business on-line information about an
individual product and its manufacturer to enable
a corporate purchasing agent to arrange for
purchase off-line.

Because businesses in the Pacific and their
executives often are difficult to locate from afar,
the database also had to provide a directory of
executives, business names, businesses listed by
product sectors, as well as brand names, on a
regional and country-by-country basis. Because
the PIBN focuses on the information needs of
business and industrial clients, it also allows users
to search for particular types of production or
service technology. Sophisticated users may
search for companies or individual products by
U.S. Dept. of Commerce Standard Industrial
Classification codes or by the harmonized interna-
tional shipping codes. Each product record is
designed to include visual information about the
product, as well as size, content, technical specifi-
cations, and information about how and in what
quantities it is made available for purchase.

The Pacific Islands Business Network is
programmed in Microsoft Access, a current
Microsoft database manager that is likely to
receive maintenance and updates for some time to
come. The user interfaces are object-oriented and
designed to mimic the kinds of interactions that
office workers encounter when working with
Microsoft Windows. Windows and Microsoft
Word are the most familiar software programs in
the Pacific Islands, and are readily understood in
most offices.

While much of the Pacific Islands Business
Network resembles a digitized product directory,
it will include a business profile and maps of each
country it serves, laws and regulations relevant to
purchasing and importing goods from the Island
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nations, foreign investment laws, passport and
visa information, as well as basic statistics,
development plans and other Pacific Islands
government-published documents relevant to
conducting business or investing in the Pacific
Islands region. It also allows a business to note its
need for investment, and for potential investors to
register their specific interests in the region.

Future Developments

One intention of the Pacific Islands
Business Network is to serve as the information
base of the US-Pacific Islands Nations Joint Com-
mercial Commission whose Secretariat is housed
in the Pacific Islands Development Program at the
East-West Center. The JCC was formed in 1990 at
a meeting of then-President George Bush and the
heads of state of fourteen Pacific Island nations.
In particular, the PIBN’s investor register may be
of importance to JCC officials as they attempt to
bolster overseas investment in the region.

In its trial phases, the Pacific Islands
Business Network has focused its data gathering
efforts on Fiji, a relatively developed and diversi-
fied Pacific economy. Using Fiji as a test example,
the project principals contacted the Fiji Trade and
Investment Board to gather data using the survey
instruments designed by the project team. A
similar effort now is underway with the Depart-
ment of Commerce and Industry in the Federated
States of Micronesia.

Although the PIBN is designed primarily
for business-to-business communications, it will be
interesting to see if groups ranging from village
handicraft cooperatives to small hotels and village-
level tourist accommodations will use the PIBN to
market their products to individual consumers.
While larger manufacturing industries in Fiji, such
as garments and sugar, have long marketed their
own products, one primary goal of the PIBN is to
bring small suppliers of goods and services into
the international marketplace. It also is hoped that
the PIBN might serve as a means for bringing the
products of small, often indigenously-owned
businesses to a wider marketplace. Conversely,
surveys and interviews with Pacific Islands
businesses indicate that they will use the Pacific
Islands Business Network as a long-awaited
information base to source products' made in the
United States.
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Abstract

This paper draws on a survey of Australian Academic and major Public libraries and investigates the extent and

direction of online information delivery provided through these organisations.

The survey indicated an

anticipation among librarians of a trend towards wholly electronic information publication, delivery and storage.
What will this mean for the future of libraries, the role of librarians and hence also Jor equity of access to

information?

This paper provides an insight into the current situation in Australian libraries and into their

approaches to electronic information provision in a highly networked environment.

Libraries have eagerly adopted the new technologies at a
rate which must call into question the staid and
conservative image with which librarians are portrayed by
the popular media. Certainly, for many librarians, the
idea that their book and journal collections will some day
be supplanted by online or other electronic services, is
anathema. But for others, this fits neatly into the
politics of managing collections, not in spite of, but
because of the existing economic imperatives. Serials
collections are an interesting case in point. Not only are
the hardcopy indexing and abstracting services being
displaced by electronic services but, increasingly,
librarians will be able to choose whether they subscribe
to an expensive journal, or provide access to it via the
equivalent full-text database online, possibly charging
the requestor for this service. Such choices are already
being made. This paper draws on a survey of Australian
Academic and major Public libraries and investigates the
extent-and direction of online information delivery
provided for both research and private use through these
organisations. The survey indicated an anticipation
among librarians of a trend towards wholly electronic
information publication, delivery and storage. What will

this mean for the future of libraries, the role of librarians .

and hence also for equity of access to information? This
paper provides an insight into the current situation in
Australian libraries and into their approaches to electronic
information provision in a highly networked
environment.

During the past ten years, library technology has been
transformed. Where paper based technologies once ruled,
computers now provide a major form of access to
information resources both within and without the library
walls. Once bastions of print, libraries now actively
promote electronic information tools, whether simply via
online catalogues or CD-ROMs or through the more
sophisticated international networks. What changes can
we anticipate in the next ten years? Will the library exist
at all as we know it? It is certain that the changes will
be equally as marked as is apparent in the changes noted
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in the following pages. Libraries without walls,
information super highways, instant information access
to home offices, interactivity, high quality graphics with
audio and video complementing text, three-dimensional .
holograms, high speed transmission independent of
location and physical connection, portable/pocketable(!)
notebook style access tools: already, these are far from
the realms of fantasy. They are much closer than the
current library technology appeared to be ten years ago.

Until the early eighties, the card catalogue was the most
common tool for locating material in library collections
in Australia. Prior to that, some use was being made of
microfilm, particularly for the National Union
Catalogues and also for recording borrowings by
photographing book and borrower record cards.
Microfilm was also used for preserving a photo record of
fragile material, and for making available large
collections of bulky printed publications in a compact
form, an important attribute where space is at a premium.
Microfilm is still used for this latter, most valuable
purpose, but it is no longer seen as the ultimate storage
medium, neither for its compactness, nor its
accessibility. = Developments in computing and
communications technology, particularly during the
1980s and early 1990s, have raised expectations. The
researcher demands information instantly, preferably at
the desktop and in facsimile. Long waits for interlibrary
loans or time consuming visits to larger centres are seen
as unnecessary inconveniences. The technology has
expanded the research community's horizons, and libraries
have been an important factor in this revolution in
information access. Indeed, in most research
communities, it was through libraries  that much of the
new technology now available at the researcher’s desk,
first appeared. It is not only the research community
which is benefiting from these changes. The Public
library sector too, is actively promoting and facilitating
access to networked information resources. While at
present, this access is largely restricted to major State and
City libraries, smaller community libraries are also
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beginning to take advantage of the new services. As the
survey below made clear, libraries in Australia are very
much an active part of the world wide information
"superhighway".

Survey of Australian Academic and major
Public libraries

Who was covered?

Public access to online information in Australia is
provided by the large State and Academic libraries, by the
National Library and by some of the larger Public
libraries in major cities. These were the libraries targeted
in this survey. The table below gives an indication of
the number of libraries approached in each category and
the number of responses received.

Table 1

Libraries included by category
Category Num. Responses
Academic 37 33
National 1 1
State 7 7 (All States)
Public 9 7
Total 54 48

Not all campuses of academic institutions were surveyed
but the sample does cover the majority of major
Universities. The National and all the State Libraries
responded as did all but one of the capital city libraries
who were approached. Hobart and Adelaide Public
Libraries are under the umbrella of the State Library in
their respective States. Consequently, they were not
included as they were covered in the State Libraries’
responses. Responses from the large Public libraries
indicate much less activity in the delivery of online
information services than in the State and Academic
libraries. For example, two of the seven responding
Public libraries had no access to international databases
and only three indicated access to AARNet (Australian
Academic and Research Network), Australia's main link

" to the Internet.! It is evident from these responses that

little would have been gained by extending this study to -

smaller Public libraries at that stage, although this is
changing, particularly in Victoria, as will be seen later in

this paper.2
The view from the library

Document delivery available at desktop?

The appearance of full-text documents such as
government reports on world wide web pages has raised
the hopes of many librarians that soon all citizens, no
matter where they live, will have easy access to a range
of sources once only available in major centres. Indeed,
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it has been the expressed desire of some researchers that
all their text-based information needs be met without
their having to leave their offices. In this age of
computer networks where many individuals do have
appropriate access to the tools, this may well be
achievable. One respondent to the survey indicated that
this was already happening at their institution. However,
charges are usually attached to requests for electronic
document delivery whether these be standard, photocopied
articles faxed to the requestor or full-text (ASCII format)
papers provided through services like DIALOG (Knight-
Ridder). As well, copyright restrictions on reproduction
of documents obtained through Inter-Library Loans
services require a signed agreement regarding the use of
the material. Until electronic signatures are secure and in
general use and charging arrangements are equally
resolved, a fully electronic document delivery service
cannot be achieved. Nevertheless, it can be presumed that
this development will be strongly supported by at least
one sector of the library profession if the responses below
are an indication. Thirty-five of the forty-seven
respondents stated that it was more than likely that all
document delivery would be available in this manner
within the next ten years. Only seven said that this was
unlikely.

All document delivery available
at desktop within 10 years
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Technical literature available electronically

A problem for libraries has been the provision of up to
date scientific and technical literature. Lengthy
procedures involved in the publication of books and
refereed journal articles can mean that this type of
resource can be several years out of date by the time it
reaches the library shelves. As well, the process of hard
copy provision can be very costly. .Reasonable profit
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margins for publishers may inflate the price of technical
literature for which there is only a small, specialist
demand. If technical literature can be provided in both a
more timely and cost efficient manner through electronic
delivery, it is in the interests of library clientele that this
be achieved. Publishers, too, may be relieved of the
obligation to publish material where profitability is
uncertain. Indeed, the involvement of technical
publishers in the electronic information industry (eg.

Reed Elseviers) would indicate a belief on their part that

this is the direction they will be forced to take in the near
future if they are to survive. Librarians involved in the
delivery of electronic information are well aware of the
changes occurring in this area. Responses indicated a
widely held view that online delivery of this type of
literature was imminent.

Technical literature available
electronically within 10 years
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Access to AARNet/Telstra Internet Services

Forty-four of the forty-eight libraries surveyed had access
to AARNet. The four which did not were public
libraries. Doubtless this will change and network access
will be extended to even the most remote public libraries.
Indeed, since this survey was conducted, publicity has
been given to at least two local council areas which are
promoting access to the Internet via AARNet. The
Victorian State Library's Vicnet is providing access for
that states public libraries. Doubtless other states will
follow suit. This will greatly increase the. services
(including database resources) available to public libraries
and to their clientele.

-
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Num.Libs. AARNet

Access
Academic 33 33
National 1 1
Public 7 3
State 7 7
All 48 44

Although libraries themselves had access to AARNet,
not all provided access to library patrons. Only twenty-
seven, in all, allowed patrons to use this facility. Even
where academic libraries were concerned, ten of the thirty-
three were unable to extend access to the network to
include their patrons. Some academic campuses provide
universal Internet/ AARNet access to students and staff.
Others provide limited access to some members of the
campus. This survey found that there were at least ten
campuses where no access was available to students, even
through their libraries. This is disappointing as the
network provides a real opportunity to improve access to
powerful research tools that in the past most students
were denied. The variety of network tools available and
the extent of database access provided through the
network are detailed in the following sections.

Services available within and through libraries
Traditional online database services

At the time this survey was conducted, some changes
were occurring in the Australian online database industry
as regards ownership and control and changes continue to
occur. In the graph below, Ozline and Australis are listed
separately. Australis databases have been taken up by the
National Library of Australia (NLA) and are now offered

through the NLA's Ozline service. Ausinet3 has been
sold by its owners, Ferntree, and is now owned by an
Australian newspaper company, John Fairfax Holdings
Limited, mirroring the trends seen internationally of
newspaper and other publishing organisations purchasing
large online database companies (for example: Knight-
Ridder and Dialog; Reed Elsevier and MeadData Central).
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Of the nineteen services used, three had a high percentage
of support. The graph above shows that Ausinet and
Australis/Ozline are the dominant, online information
providers with forty-two of the forty-eight libraries using
Ozline, forty using Australis and thirty-nine using
Ausinet. Hence, it can be seen that most libraries use all
three. What was surprising was that not all academic
libraries had access to any one of these services. Indeed,
one library did not use them at all, although that library
was in the process of reviewing its electronic information
provision. Ozline (and Australis) databases are now
available via AARNet and many Academic libraries
provide access to them in this way (Statistics on this
provision are given latter). It is only a matter of time
before Ausinet is similarly accessible. Ausinet staff have
advised that this is planned and will proceed once security
measures have been resolved. The NLA's proposed
National Document and Information Service (NDIS)
which will combine existing online database services
(Australia’'s ABN and New Zealand's NZBN)4 making
them more easily accessible via the network will also,
more than likely, expand demand.’ Sherry Quinn, in her
1993 summary of Australian database resources
anticipated that within two or three years, the old systems
might have disappeared.6 Clearly, the systems are
changing, but many of these database resources still have
an assured future where libraries are concerned.

Among the other Australian and New Zealand database
providers, Presscom was used by thirteen libraries,
InfoOne by six and KiwiNet (from New Zealand) by five.
The remaining providers were used by three or fewer than
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three of the libraries in this study. Most were more
narrowly based or specialist, than the three major
vendors. This pattern of favouring the more broadly
based vendors is also evident for international service
providers as survey results presented in the following
graph show.

International Database Services
in Libraries

Dialog [~
Orbit |
BRS T
Lexis/Nexis |_
STN |
DataStar
ESA
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Database Services

0 5101520253035404550

No. of Libraries

New, networked databases

Unlike the familiar network search tools mentioned
elsewhere in this paper, traditional databases provided
through -the network, present a more structured
environment for obtaining information. While tools like
gopher, www browsers and WAIS aim to help users
make sense of the many options for obtaining access to
network resources,-they are still more dependent on luck
than skill. Most of the database services on the other
hand have some kind of controlled subject search option,
often having as their base a well established database
resource that existed prior to the expanded network access
we have today. They have not been put together in the
same ad hoc manner that has attended the provision of
much of the material available through other resources on
the Internet. Libraries worldwide have been active in
both their production and their provision. Hence they are
a valued addition to many libraries repertoire of services
to their clients. This is demonstrated clearly below,
Uncover, ISI Current Contents and OCLC First Search
being well supported by twenty-eight or more libraries
and the National Library's Ozline/SOFI, by nineteen.
Other library catalogues were also used through the
network, by thirty seven of the forty-eight respondents.
Many of these services provide valuable information to
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assist in locating and gaining access to material both
within Australia and beyond. They also provide access to
database information formerly only available through
charged for online information services like those
provided through Dialog (Knight-Ridder). Whether they
continue to be provided free of charge remains to be seen.

Databases via the Internet

None

Other DBs
OzlineSOFI
OCLC/FS
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Database Services
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World Wide Web access

Libraries were asked what services they made available
through the network. Focus was placed on basic tools
such as gopher, the various world wide web browsers and
whether they maintained some form of local electronic
archive. Only six answered positively to the last
(maintaining an electronic archive or ftp site) although
one respondent said that they used gopher for this
purpose. Gopher is a popular and relatively easy to use
tool with more than sixty per cent of academic libraries
and almost forty percent of other libraries making use of
this service. Seventy percent of academic and forty
percent of other libraries used some form of access tool
(gopher or mosaic, etc.). There are many World Wide
Web browsers, Mosaic being the most popular at the
time of this survey. (Netscape is now more widely
available.) Respondents were asked to indicate whether
they used one of the Web browsers and, in particular, if
they had access to Mosaic. ‘Seventeen libraries either had
access or planned access to Mosaic. It was surprising
that less than fifty percent of the libraries surveyed had
access to some form of web browser. Another network
research tool is WAIS. This software had received some
publicity at library conferences so it was again surprising
that only seven libraries indicated that they used this
system. Perhaps the time involved in setting these

systems up and their unpredictability may have been one
reason that they were not generally made available. Their
impreciseness in the way they access information may
have been another. There is no guarantee with any of
these services that the result will provide high quality
information. '

As has been noted, not only are more libraries gaining
access to the worldwide web, many are now establishing
web homepages which provide access to library
information resources and links to useful services. Of the
libraries surveyed, twenty-seven now have web addresses.
Some State Libraries are encouraging participation by the
smaller city and town council libraries. Through

Victoria's Vicnet,’ twenty-three public libraries now have
Internet access with eleven providing public access
terminals. Home pages are also being set up for these
community based libraries. In New South Wales,
ILANET at the State Library provides access for a fee to a
variety of information services "to over 1,000 libraries
and information agencies throughout Australasia."8 Some
city councils, like Ipswich in Queensland, are providing
Internet access independently.9 Ipswich plans to provide

an electronic library. Setting an example for the library =

. community, the Australian Library and Information
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Association (ALIA) which originally provided its web
page through the National Library, now has its own
address.10 Links to libraries throughout Australia and
world wide are to be found through the web pages of
educational organisations, general net directories and other
libraries. Clearly, the adoption of this new access tool
has demonstrated a high degree energy and enthusiasm on
the part of the Australian library community.

Supplanting book and journal collections with
The success of CD-ROMs:
technology?

an intermediate

Of the forty-eight libraries surveyed, all had invested in
CD-ROM technology. The larger State libraries were
the most heavily committed in this area with one
providing access to 101 CD-ROM titles. Academic
libraries, too, are investing considerable funds in this
area, almost matching the State libraries. CD-ROMs are
expensive, many costing several thousands of dollars for
a subscription. Networking to several machines or sites
incurs an extra fee and, in some instances, the library
may only have a licence to use the discs: they may not
own them. Even libraries with small collections are
committing a sizeable proportion of their budgets to
maintain their collection. It is significant that libraries
are prepared to allocate funding for this technology to an
extent which was never possible with traditional online
databases. A modest collection of around twenty titles
may cost a library about $60,000 annually, excluding
costs of equipment. In a report on the Australian online
industry published in 1992, Elizabeth Oley suggested that

63



E

the easy access to information which CD-ROMs provide
for all library patrons may have resulted in a decline in
online searching.11 It will be interesting to see whether
access to networked database resources has a similar
impact on library commitment to CD-ROM technology.

Full-text databases online
Full-text availability in
International and Australian

Australia:

Major international database vendors like Lexis/Nexis
have provided full-text resources in Australia for over a
decade. Locally, Ausinet, InfoOne and PressCom are
among the vendors making Australian full-text resources
available to libraries. Where newspapers are concerned,
there are twenty Australian papers available electronically

and five New Zealand titles.12 Full-text resources
appearing on the world wide web like government reports
and legislation are among the more interesting recent
developments. As well, some Australian electronic
journals are being produced. A list of these along with
that of electronic newsletters and discussion groups is

available through the National Library's homepage.13
These services are still being developed. It is uncertain
whether a charge will attach in the future although where
overlap occurs with private sector interests it seems
likely that some charging will be inevitable.

Charging for the service
Situation in Australian libraries

Where Australian libraries are concerned, there appears to
be no real agreement on the approach to charging for
traditional online information. Most do charge
sometimes, for some of the costs involved. Of the forty-
eight libraries responding twenty-two gave an
unequivocal "Yes" to the question on charging, while a
further eighteen charge some of the time. Only eight
libraries stated that they did not levy a charge for
searching. It was clear from the response to the survey
that little consistency exists in approaches to charging for
online information. Most libraries are attempting to do
the best that they can utilising existing resources and
surviving within their sometimes meagre budgets.

At the time of the survey charges for network use were
not generally made. Only one library said that it charged
for network use and that was limited to database searching
using Ozline. Where the future was concerned, however,
fourteen said they were unsure, one stated that they would
charge and one that they would charge for OCLC searches
on the network. The remaining twenty-three indicated
that there were no plans to charge in the near future.
This may of course, no longer be the case, given the
changes which are occurring with Telstra's purchase of
AARNet and the certainty that charges to all institutions
will increase. Whether libraries are able to budget to
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maintain some level of free access will no doubt depend
on the level to which charges rise.

The future of charging: predictions

"Internet cafes" appear to have gained popularity
worldwide. The idea is to provide a drop in place for
anyone wanting to use Internet facilities without the
expense of purchasing equipment. Such services are now

appearing in cities in Australia.14 In Sydney there is
Remo's in George Street and Melbourne has the Netcafe
at St Kilda. Even the National Library has joined the
trend, providing Netscape access on two PCs in the
Brindabella Bistro, with positive responses from patrons.
It is assumed that an increasing number of libraries will
provide some form of access to networked information
services to their patrons, either within their walls or
remotely. As indicated in earlier sections of this paper,
many database services are already being provided through
the library. Network access to databases once only
available through expensive, mediated online searches
seemed to be a breakthrough in providing equitable access
to all library patrons. However, there are now moves to
charge end users for their use of the Internet. Only ten of
the forty-five librarians who responded to the survey
question on charging thought it was unlikely that such a
service would incur a charge. Eighteen thought it likely
within five years and twenty-four, within ten. Since this
questionnaire was undertaken, it seems certain that
charges for network use will be passed on to the end user,
whether within libraries or independently.

Extent and di ion of i info tion
delivery for both research and private use

Traditional online services

Of the thirty-five libraries stating that a budget was
allocated for traditional online services, twenty-nine were
able to provide approximate figures on the amount
available. This varied considerably depending on the size
and type of library concerned. Hence little can be seen
from presenting averages or means as no absolute
statistics were available on numbers of patrons using the
services. Perhaps a better indicator of use of these
services can be seen in the search statistics. Where the
number of searches conducted by intermediaries in
libraries is concerned, the survey indicated only a slight
overall trend downwards in the use of traditional online
services among academic libraries and little or no change
in the direction for State and Public libraries. It is
doubtful that the growth of the Internet services has as
yet had an impact on traditional online services although
they may well supplant them in the near future.

Researchers doing their own searching

Many researchers are now able to do their own online
searches through databases provided over the network.
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Only some of the traditional online databases are
available in this way at present. Many of the more
comprehensive and expensive databases are either not
available through the network or are only available to
those with appropriate accounts and who are able to be
billed for the service. Intermediaries are still necessary
for such services. Librarians were asked if they saw a
trend towards more searching being done by the "end
user”, the person requiring the information. While the
initial response was that this was unlikely within the
next five years, within ten it was more probable
according to twenty-seven of the forty-seven respondents.
Only nine thought it was still unlikely within ten years.

All researchers conducting their
own online searches within 10
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Trend towards wholly electronic information

publication, delivery and storage?

Newspapers and web pages

In Australia as elsewhere, newspapers are beginning to
appear on the world wide web. Browsers like Netscape
allow easy, if slow, access to such resources and are
becoming popular. The Sydney Morning Herald,
Melbourne's Age and The Australian Financial Review
all provide access to their computer pages via the web.
Access to overseas papers is also an area of interest. The
British Daily Telegraph and the New York Times are
two examples. Speed of access when using these
services is a major drawback at present, but the potential
of these developments is exciting.

Government publications on the world wide
web .

The Australian Federal Government and some of the State
governments have begun making available their
publications, including legislation, through web pages.15
The National Library of Australia is an important link to
these resources providing access nodes through its web
page.16 As more public libraries come online through

State networks like Vicnet, public access to government
information will be greatly expanded. This is in contrast
to recent moves by governments to limit distribution of
many print publications to all but a few deposit libraries.
It will be interesting to see whether charges will attach to
these services once they become more well established.

T he future of libraries and the role of

"librarians in Australia

Libraries: virtual or physical?

There has been much discussion both in print and
elsewhere regarding the need for the continuing existence
of the library as a physical entity. Most librarians are
familiar with the main arguments for and against such a
proposition: equity of access for the less affluent on the
one hand; ease of access for the technologically
privileged on the other. As might be anticipated, when
asked for an opinion on this proposition, librarians
expressed the view that it was extremely unlikely that
libraries would no longer be needed within five years
(forty-four respondents) with only a slight movement in
opinion on this proposition 'within ten years' (thirty-six

- . . respondents still stating that such a change was unlikely).
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Libraries have existed as physical sites (if with varying
purposes) for more than two thousand years. It seems
reasonable to assume that they will continue to do so.

The Library as a physical entity
no longer needed within 10 years

]
@
=
-]
Bt
=
1 2 3 4 5
Scale (1=Most likely; S5=Unlikely)
B Academic [ Nat.& state I Public

Librarians role?

While the perspective expressed as regards the survival of
libraries may have seemed conservative, where the role of
librarians is concerned this was certainly not the case.
The library profession was one of the earliest to be
confronted with the introduction of computer technology.
Computerised databases of bibliographic resources were
first developed in the late 1960s and libraries have
progressively automated most of their operations since
then. Consequently, librarians, by the nature of their
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profession, have had to be open to change. New
computer systems, new software packages, online
information delivery, CD-ROM technology, multi-media,
computer networks: the changes continue and often it
has been in libraries where these technologies have first
appeared or been adopted. Australian librarians view
themselves as information professionals which is quite a
different image from that portrayed by outsiders,
particularly the mass media. Many would say their role
is already that of information consultant to end users and
their responses when questioned on their future role
confirm that if they do not see themselves in this way
now, that this is the direction in which they will be
heading within the next five to ten years. It is a highly
motivated and confident view of their role, one which
projects a positive image of a profession in transition.

Librarian's role becomes that of
information consultant advising

end users within 10 years

Libraries

1 2 3 4 5

Scale (1=Most likely; S5=Unlikely)

Academic  [JNat.& State [l Public

Conclusion

The expanding access to the new network technologies is
changing the face of Australian libraries. From the early
COM catalogues, through the online public access
systems, to CD-ROMs and now, the explosion of
networked resources, Australian libraries have remained
open to the changing technology to the extent that
librarians might sometimes be accused of being
technology driven. Indeed, the new networked databases
and electronic archives provide a constant challenge, with
each service presenting some variation in the protocol
required to gain access to its resources. Libraries in
Australia provide access to a good range of online
services, both local and international. As well, they have
entered into the new area of networked provision of
databases with services like Uncover, OCLC First
Search, ISI Current Contents and the Australian
Ozline/SOFI databases being widely available to library
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patrons. In many instances, these are available remote to
the library and end user searching being encouraged.

During the three year period preceding this survey, there
appears to have been a slight drop in mediated online
searching. This is more evident in academic libraries
than in the State libraries. However, the trend is by no
means consistent, nor has the change been very marked.
The significant point is that while library patronage has
undoubtedly grown, there has been no real increase in
library use of these services. With so many new services
available, attention will inevitably be focused on
providing for information needs in the cheapest (for the
client) and most effective or efficient way possible. For
example, why would anyone who could easily efficiently
and cheaply retrieve high quality information, whether
graphic, text, audio or visual in form, and from any
location, even consider that a physical site was necessary?
If site independent access to all information resources
does become a reality, as it is almost certain that it will,
will libraries survive? It is anticipated that electronic
information provision will become the norm and that end
users will do more of their own information searching.
In spite of suggestions to the contrary, librarians still see
a place for libraries and for their profession.

Networking of databases held the promise of easy access
to online databases without the expensive charges and
telecommunications costs of the traditional system. It
seems likely, however, that charging for these services
will be instituted. If this occurs, an opportunity to
provide greater equity of access will be lost.
Nevertheless, it can also be argued that if online vendors
can provide information directly to the end user, an
intermediary is an added expense. As more, high quality
material once lodged in libraries is provided in this way,
albeit for a fee and the "user pays" philosophy gains
general acceptance, it may be argued that there is no need
for a library in the physical sense. Online information
vendors will provide an adequate facility.

What are the implications of such a change and how will
this affect access to resources for those lacking either the
physical or the financial capacity to take advantage of this
technology? For almost certainly, individual charging
and the consequent inequity of access, will be a feature of
these changes. It is essential that the services provided be
examined closely and that policy decisions be taken that
ensure appropriate dissemination of information
resources, independent of ability to pay. This is
particularly important in areas such as education and
research upon which a country's economic well-being
rests.

The prospect of an ever expanding information resource
available via the telecommunications network and
independent of place, is exciting. As elsewhere in the
world, there is an explosion in the development of world
wide web sites in libraries, each providing some new link



in the information chain. The constant stream of articles
appearing in the news media reflects the general level of
enthusiasm for what is commonly referred to as the
"information superhighway", as does the emphasis on the
importance of putting in place a national, information
infrastructure. Whether the technology continues to
reside in a specific location such as a library is irrelevant.
Facilitating access is the issue of greatest importance.

1Telstra, Australia's Telecom, has recently(1995)
purchased AARNet (Telstra Internet Services).

20One area that has not been covered here is that of TAFE
(Technical and Further Education) libraries.

3The Ausinet database service was developed in 1977
through the National Library with the cooperation of
other libraries in Australia. It moved to the private sector
in 1980. [Sarah Henderson. Online information
networks. In: Peter Biskup and Margaret Henty (eds).
Library for the Nation. Belconnen, ACT: AARL
and the NLA, 1991.]

4Jointly funded by the National Libraries of New Zealand
and Australia. [Alan and Judith Bundy. Australian
Libraries: the essential directory. 3rd ed.
Blackwood, SA: Auslib Press, 1995:103]

SNDIS and document delivery. In: Incite. August
1995: v.16(8):21: A paper on the impact of NDIS is
available at:
http://www.nla.gov.au/2/NDIS/illsummp.html

6Sherry Quinn. Australian databases and information
services:Summary of developments: 1988-1992. In:
Information Online and Ondisc '93. Sydney:
Information Science Section, ALIA, 1993:66.

7"Vicnet is a joint enterprise of the Victorian State
Library and RMIT to bring electronic networking to the
people of Victoria." Vicnet's homepage address is:
http://www.vicnet.net.aw/

8See ILANET's web page at
http://www.ilanet.slnsw.gov.au/

9Ipswich City Councils homepage address is:
http://iccu6.ipswichcity.qld.gov.auw/

10ALIA's home page address is: http://www.alia.org.auw/
11E]izabeth Oley. The current situation and future
prospects of the online industry in Australia. In:
Online Review. 1992: v.16(6): 374.

125andra Oxley. Electronic access to Australian and New
Zealand business information. In: Management.
June 1995: 17.

13NLA's home page: http://www.nla.gov.aw/

14Anon. Internet cafes. In: Incite. v.16(July
1995):18.

15 Australian Federal Legislation direct web address is:
http://austlii.law.uts.edu.au/

16National Library's homepage address is:
http://www.nla.gov.au/
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GLOSSARY

AAP Australian Associated Press

AARNet: Aust. Academic & Research Libraries Network
ABN Australian Bibliographic Network

ASCOT Aust. Securities Commission online service
Australis CSIRO databases '

Ausinet: Australian database vendor

gopher: network access tool

Info-One: Australian database service; legal information
KiwiNet: New Zealand database service

Mosaic: world wide web browser; text and pictures
Netscape: world wide web browser; text and pictures
Ozline/SOFI: database service from the National Library
PressCom: Australian, full-text, newspaper database
QNIS Queensland Newspapers Information Service
Reuters: international newswire service

Telstra: Australian Telecom

WAIS: Wide Area Information Service

www: World Wide Web
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MULTIMEDIA AND ASYNCHRONOUS LEARNING:
THE DELIVERY OF EDUCATION AND TRAINING
UTILIZING THE DIGITAL LIBRARY

Arthur S. Gloster II, Vice Provost
Office for Information Technology
Virginia Commonwealth University

Richmond, Virginia, USA

1. ABSTRACT

Virginia Commonwealth University, comprised of the Academic Campus and the
Medical College of Virginia Campus, partnered with IBM, Bell Atlantic and Sprint to
utilize technology to deliver asynchronous leamning and medical applications. VCU .is
committed to expand content and deliver off-campus as well as provide access to move

support materials through the Digital Library.

A quarter of a century after its establishment as a
major, public, urban, research institution, Virginia
Commonwealth University is positioned to fully
utilize information technology as a revolutionary tool
for enhancing the scholarly environment for its
faculty, students, and staff. VCU’s Strategic Plan
recommended embracing information technology as
a key component in meeting the challenges of the
next century. Creating this new environment will be
expensive and new funding is unlikely, so the
University will redirect existing resources and form
strategic partnerships with both the private sector and
other universities committed to change.

The impetus for change stems from three factors.
First, higher education is being subjected to the same
demands for greater efficiency and productivity that
have caused major restructuring in other sectors of
-society.  Second, increased scrutiny from both
funding agencies and its population is much different
than a decade ago. Third, higher education is
assumed to be a key player in applying the benefits
of the ‘information age’ to society.

In a traditional ‘synchronous learning’ environment,
faculty teach at a given time and place dictated by the
institution, not necessarily convenient to either the
students or instructors. In contrast, in the emerging
technological ‘asynchronous learning’ environment,
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it is the student who controls the time, place and
manner of learning. The Internet, kiosks and voice
response systems, and other information technologies
will support, enhance, and customize teaching and
learning. As VCU establishes its new technology
infrastructure, an increasing number of educational
components will be delivered asynchronously.
Students will be able to view ‘on-demand’ a digitized
version of a film that is archived on a superserver and
transmitted to their PC or TV using the VCU
network. As this new learning mode of multimedia
education-on-demand evolves, students will have
greater flexibility in arranging their schedules and
choosing an information source that best meets their
learning style (Figure 1).

A Digital Library is a database technology solution .
for the management of the entire spectrum of
digitized multimedia information.  The - Digital
Library supports the educational and medical mission
of Virginia Commonwealth University and includes,
but is not limited to, movies, images, photographs,
recordings, text, and radiology images. It allows for
the creation and capture, storage and management,

search and - access, rights and permissions
management, and distribution of information. An
infrastructure  for  performance, safety, and

intellectual property protection is provided (Figure

. 2).
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VCU DIGITAL LIBRARY

Applications

Media Distance Video/Audio Cultural

Publishing Learning Content

Hosting

- archive - video courses - library music - rare artifacts

- production - assignments - TV and insertion - high quality

- photo library - |- photos - program delivery |- archival
Content Library Publishing Health

Creation Digitization Distribution

Backend

--animation creation |- traditional libraries | - journal images - radiology images
- live action files - new colections - subscriptions - high/med quality
- magazines - existing catalogs - online/offline - existing systems

FIGURE 1: DIGITAL LIBRARY APPLICATIONS

VCU Digital Library
Functional Summary

Create and Capture

Rights Management

Storage &
Management

Search &
Access

Distribution

FIGURE 2: DIGITAL LIBRARY FUNCTIONAL SUMMARY
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Developing instructional materials for the Digital
Library is surprisingly easy and can be done
relatively quickly. The skill level of faculty who are
using the distributed learning networking approach
for instruction ranges from novice to sophisticated.
Many faculty create their own complex distributed
learning pages using HTML the HyperText Markup
Language that underlies distributed learning
hypertext programming and linking. At some
institutions, programmers develop the basic design of
a system, and faculty need only basic e-mail and
distributed learning navigation skills to enter
assignments and communicate with students. The
Digital Library and networking navigation software
(such as Netscape navigator, Mosaic, or Lotus Notes)
nicely integrate .access to all types on Internet
resources in one easy-to-use interface. Both faculty
and students can quickly and easily learn to use this
software to navigate the Web, access course
materials, post homework assignments, and
communicate with colleagues. Many of the
distributed learning models implemented in the
Digital Library and networking combined approach
emphasize a student-centered environment and
encourage greater collaboration among students.
Emphasis is placed on interactive problem-solving;
the teacher is not just an expert, but increasingly
takes the role of facilitator.

The Digital Library uses a networked client/server
model, with index servers to manage search support
data and object servers to manage the digitized
objects themselves (Figure 3). The client, index
server, and object server form a communications
triangle, to permit distribution of the index and object
data while retaining a direct path for the object data
to reach the client. This relatively simple
architectural property is very important in this
environment since the object data tends to be
relatively large for many digitized objects (such as
scanned images, music, or video). The size of these
data objects motivates locating frequently used
objects close to their user to reduce communications
costs and improve performance by minimizing the
number of times the object data is copied or relayed.
The profusion of readily available source materials
on the distributed learning network is ideal for
education and research. The true beauty of the
distributed learning network- lies in the ease with
which you can create a hyperlink to existing
information, allowing you to take advantage of the
expertise and creativity of others without having to
“reinvent the wheel.” In addition, “human resources”
are often readily accessible on the Internet allowing
you to enhance your virtual classroom with the
introduction of guest speakers and content experts
into your chat areas of discussion groups.

VCU DIGITAL LIBRARY

Multi Level Server Architecture

|Lotus CIientJ |Web CIientI(SQL Client | |C|ient I |DL Client I IDL Client J
Lotus Web Relational File Object

Notes Server Database System Server

Server

l [ |

Transform Transform Transform

Transform

L

Network

Single Level Library &
Object Servers

FIGURE 3: DIGITAL LIBRARY SERVER ARCHITECTURE
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The IBM version of the Digital Library, which VCU
will test for the delivery of multimedia asynchronous
learning and medical applications, provides for
distribution of content through the Internet and other
public and private networks. Secure client
technology should be employed to allow for
protection of this information. Integration of new
key Internet security developments must be a priority
to enhance security. The course’s instructional
content can be closely controlled, and involvement
monitored, using the flexible tools available in the
Digital Library and networking combined approach.

The Digital Library is an end-to-end solution that
encompasses hardware, software, and networking.
The following are attributes that are essential in order
to construct a robust and scaleable Digital Library:

Content Creation

A wide variety of input devices are supported so that
content can be imported into the Digital Library.
Currently, VCU uses MacIntosh, SGI, HP and other
hardware and software tools to create content. The
Digital Library must have the ability to store arbitrary
files. It should impose no restrictions on the format
of data. In the IBM Digital Library, data is stored in
an object server and serves as a repository for sound,
data, video, etc. The only limitations should be those
imposed by the file system used on the hardware and
operating system platform.

Storage and Management
The Digital Library architecture, index information is

stored in a relational database in a library server and
object content is stored in an object server. Object
servers provide a robust, policy directed storage
management system. Policy is set by system
administration and specifies how the objects are to be
managed. Objects are placed in management classes.
Policies control the movement of objects from one
storage class to another.  This system greatly
simplifies the management of large volumes of object
data as the data is separated from the index
information which is stored on the library server.
The Digital Library is designed to maintain
extremely large quantities of data. The number of
items is limited only by the relational database
management system (RDBMS) running under the
index server.

e *
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Search and Query Techniques
The Digital Library architecture separates  index

information from content information. The index is

maintained in the RDBMS and supports an elaborate
and extensive set of query mechanisms. Objects are
assigned to index classes defined by users. The
Digital Library has a powerful and efficient system
that supports both static and dynamically bound
queries.  Static queries are queries which are
preprocessed to execute quickly. Dynamic queries
are “on the fly” queries which can be converted to
static queries on demand on when a specified

threshold is reached.

Information Distribution and Presentation

The Digital Library architecture separates the client
from the index and object servers. These three
components communicate via TCP/IP or IBM SNA.
There are client application programs provided for
OS/2 and Windows environments. A programming
toolkit supports the creation of customized clients.
An interface between World Wide Web (WWW)
servers and the IBM Digital Library is under
development with Lotus utilizing Notes.

Rights Management

The digitization of information allows for the exact
duplication of information. This provides a greater
exposure to theft for content owners. Therefore,
rights management is a crucial feature of the Digital
Library. It includes advanced authentication,
royalties management, encryption, metering, billing
services and watermarking technologies to provide
users with secure access to information stored in a
digital library, as well as authorized distribution.
Rights and permissions management support is
characterized by four aspects, the ability to: Control,
Monitor, Authenticate, and Watermark

Control
Only authorized users should have access to
Intellectual Property Objects (IPO’s). Rights

management provides access control for individual
IPO’s and goes beyond the security provided by
facilities such as RACF (an IBM software package
which provides security on a variety of IBM
platforms). Permissions management determines the
validity of a request for an IPO through rules
processing of the IPO’s license criteria and user
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profiles. If permission is granted, then usage rules,
usage charges, and the IPO are encrypted and
transmitted to the requesting client.

License agreements, both explicit and inherited,
define the permitted uses of an object by any given
user profile. For example, a user might be permitted
to view an object but not print it, play it but not copy
it. Use is restricted by client software and/or
hardware.

Authenticate

This includes two aspects: guaranteeing that the
object is genuine and marking objects to prevent
misappropriation. The first is accomplished via
authentication servers employing both administrative
procedures and technologies such as digital
notarization and digital signature. = Marking is
achieved through use of technologies (such as
watermark) that brand the object in a manner that
may, or may not, be detectable by human senses and

Networking Services in
Asynchronous Learning at VCU - -

The ;
Internet  (

A

[ students
. athome

Wide Area
Network

ENVIRONMENT

Monitor

In a Digital Library, intellectual property is not
manifest as physical items such as books, films,
videotapes, etc. Consequently, compensation is not
based as much on object sales as on consumer use
depending upon duration, frequency, type, etc. Use
must not only be controlled at the client per license
agreement but also be monitored as specified in the
license to ensure accurate accounting.

Campus Network

Businesses
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Researchers"

Students
on Campus

4: VCU CAMPUS - NETWORKING SERVICES IN AN ASYNCHRONOUS LEARNING

which will testify to the object’s legitimacy or
illegitimacy.

Watermark .

One of the significant deterrents to the establishment
of public on-line libraries of digital images is the
concern, by the content owners, about
misappropriation of their assets. In many cases, the
owner earns revenue from usage of the image or
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object from which it was captured. Preventing
publicly-available images from being used, royalty
free, is essential to the owner’s business. For
example, a photographic library may wish to place
images of its stock on-line for inspection by potential
customers, but it does not want the on-line images to
be suitable for publication themselves. The Internet
has become a popular advertising medium and a
convenient transmission medium, but it is not secure.
Many examples of this security issue will occur in
the context of making images, as well as other course
content, available through the Internet. A great deal
of flexibility can be provided by the = general
technique which utilizes an image as the watermark
to be applied. This image is called the watermark
image. The watermark application program can
make the watermark large or small, faint or obvious,
depending on the preferences of the image owner.
The Digital Library is an important tool for
asynchronous learning. A small but growing number
of faculty.are ‘moving beyond a basic information
delivery modes using Digital Library technology;
they are developing a “virtual” university
environment where courses and entire degree
programs are delivered in whole or in part over the
distributed network (Figure 4). The “virtual”
environment incorporates such components as:

ine lectures and instructional materials

A networked Digital Library can incorporate
hypertext, images, sound, video, animation, and the
delivery of  digital versions of spreadsheets,
presentations, and other documents. This capability is
transparent: the “download” from the networked
Digital Library to the desktop occurs at the click of a
button.

Interactive multimedia courses

The Digital Library allows for the creation and
distribution of courses that integrate images, video
and sound as well as other digital files. These
courses can include hyperlinks to encourage
exploratory learning, or they can remain linear to
provide more content control.

One-to-one and one-to-all communications

Lotus Notes and E-mail among faculty and students
can be integrated to the networked digital library
environment. Lotus Notes allows communication
between faculty and -classmates, and a Pop Mail
system can be integrated for reading e-mail
messages. In both cases, e-mail can include
attachments of any digital file and access to remote
information supplementary to the class of research.
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Links to the network can provide access to library
resources and other academic databases that require a
login sequence.

Asynchronous group communications

The primary tool for interactive dialog is provided by
Lotus Notes or Usenet news/discussion groups. This
asynchronous tool allows faculty to post assignments,
students to submit homework, and groups to work
collaboratively on projects. a

Synchronous group discussions

Lotus Notes is a virtual “meeting places” where
students and faculty meet both formally and
informally to discuss assignments or accomplish
group projects.

nline assessment

The capability of continually monitoring both the
academic and technical abilities of the student can be
built in, by establishing a standard query section. In
some cases, all aspects of the course or program are
delivered asynchronously-faculty and students never
meet at the same time or in the same physical space.
However, most courses today implement some
combination of the tools mentioned above and
components of the traditional* classroom or
telecourse. As the Digital Library and networking
combined approach technologies become more
sophisticated and bandwidth of the Internet increases,
there will be more tools and more ways to develop
creative distributed learning environments. In a very
rief two years, the Digital Library and networking
combined approach has shown that it has the
potential to be the premier vehicle for distributed
learning and can enable and enhance both classroom
instruction and distance learning.

Convenience -

Teaching and learning are not confined by space or
time. Students and faculty can access the virtual
classroom from their home or office. This is
increasingly important to many institutions interested
in drawing non-traditional students into their
programs.

Updating and disseminating information

Unlike printed resources, once materials have been
posted to the distributed learning network,
information is easily updated and disseminated. The
convenience and cost advantages of publishing
information in this digital format are obvious.
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Easy standardized access to other information stored
in the Digital Library
Primarily available only to education, government,

and research institutions a year ago, today the
Internet is accessible to almost anyone with a PC, a
modem, and an Internet service provider.
Commercial Internet service providers are now
operating throughout this country and the world. The
competition to provide service is resulting in very
reasonable rates in both small and large cities.
Software for accessing the Internet is easily obtained
either by downloading directly from the Internet or
by shopping in computer stores and bookstores
across the country. This easy access allows distance
learners to readily access course materials from their
home or office computer. And because the Internet
is based on standard communications protocols, you
can be certain that students accessing the Internet in
Hawaii will be able to access the same resources as

LESSON 2

the students in Pacific Rim countries and the faculty
in Virginia.

Currently, VCU is delivering instruction across the
Internet.  The Health Administration Executive
Program (Master of Science in  Health
Administration), is the first complete degree program
to take advantage of the technology described here
(Figure 5). VCU will offer this program in China,
Turkey, Russia, and the United Kingdom in August,
1996. The Digital Library is being implemented and
radiological images (MRI, CAT Scan and
Ultrasound) will be moved as objects between the
Digital Library and remote locations utilizing ATM
and broadband network facilities. VCU is on the
leading edge in utilization of communications
technology--building a - “virtual” university for
instruction and medical application.

FIGURE 5: HOME PAGE FOR THE MASTER OF SCIENCE IN HEALTH ADMINISTRATION
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The Impact of Wireless Local Loop Technologies
in Asian-Pacific Markets

Andrew C Simpson
Teleresources Pty Ltd
Unit 2a, 4 Aquatic Drive, Frenchs Forest, NSW 2086, Australia
Tel: + 61 2 9975 2230 Fax: + 61 2 9975 2240

ABSTRACT

New wireless technology in the local loop is set to explode across the Asia-Pacific region over the next five
years. Wireless connections of telephone customers to their local exchange will prove a critical factor in
achieving the ambitious targets of many countries and in reducing the imbalance in telephone densities
between the Asia-Pacific region and the rest of the world. ’

In offering an alternative to copper wire and traditional radio, wireless local loop technology will be successful
because often it makes business sense. The factors driving its economic success are the cost of the competing
technologies themselves, the time required to install the different technologies, telephone customer density,
distance from local exchange, ease of provisioning of its main competitor, fixed wirelines, and emerging
competition among wireless local loop vendors themselves.

Wireless local loop solutions will find a role across many markets including developed as well as developing
countries, urban as well as rural and with incumbent operators as well as second carrier and start-up
companies. :

1. Introduction . In the 5 year period between the years 1995 and
2000 these new wireless technologies will capture a
The connection of telephone customers to their local  Significant proportion of the local loop market,

exchanges is no longer restricted to copper wire or  Particularly in rural villages of developing countries
traditional point to multipoint radio. New wireless  Within the Asia-Pacific region.

technology purpose-built for use in the local loop and

downscaled cellular systems are emerging which

offer flexible and affordable solutions for new

customer connections. 2. What is Wireless Local Loop?

The predictions for growth of WLL in the 1990s are
dramatic and characterised by the opinion of a
notable authority quoted below:

Wireless Local Loop (WLL) is designed to serve the
local loop or Customer Access Network (CAN)
between the customer and the local exchange by
radio. The Wireless Local Loop (WLL) can be
distinguished from the Wired Local Loop because at
least a portion of the link between the customers'
premises and the local exchange is transmitted by
radio. A typical configuration is depicted in Exhibit 1.

"Wireless rather than fixed infrastructure
technology will move ahead dramatically ... and
a massive new product development battle has
begun for the portable terminal devices to
handle traffic... Wireless and convergence are
the "big two" for acceleration through the mid
90s for telecomms." !
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Exhibit 1

THE WIRELESS LOCAL LOOP
Base Customer
Station (BS) Terminal (CT)
Cell Customer

Temninal

Station (CS
) Adaptor (CTA}

Local Concentrater Distribution Intemal Customer
Exchange Unit (CU) Point: Cabling Premises
Network Pit or box Socket EQuipment
Interface (N1) (CPE)
} THE WIRELESS LOCAL LOOP {

3. Importance of Wireless Local Loop

The future growth of Wireless Local Loop in the Asia-
Pacific region will be founded on a number of its
desirable features:

e Faster rollout than copper due to difficulty in
laying cable in confined or congested urban
areas;

o Allows early generation of network revenue
which produces a higher net present value on
project investment;

e Often provides a higher quality line for normal
speech than fixed copper installations;

e Avoids risk of destruction of local cabling in
some developing countries where copper has
inherent value;
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Lower installation cost than fixed cable in
many urban and rural situations;

e Lower maintenance cost than fixed cable in
many urban and rural situations;

e Provides service quickly to customers where
no spare capacity is available;

e Provides a mechanism to reduce the number
of waiters and average waiting time to
politically acceptable levels.

4. What are the types of WLL technology?

It is useful to separate the new Wireless Local Loop
products into four separate categories from which
new Wireless Local Loop products have developed,
as specifed in Exhibit 2.
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. 4.1 Traditional Radio

Traditional Radio is a’ point-to-point or point-to-
multipoint solution which offers telephone services in
a star network topology. It is suited to low density,
rural and remote environments.

Traditional radio was the first technology to be used
in rural and remote areas to provide basic telephony
services for both developing and developed
countries. The first installations of digital traditional
radio in Australia (DRCS). date back to the early
1980's.

In Australia the early DRCS system developed by

Puujpoge Built WLL
Systems

Tradmonal Pomt 10 Multi
Pomt Raduo Systems

DRCS (NEC) GMH2000 (Hughes)
IRT2000 (Philips) lonica FRA (lonica &
Northern Telecom
SRS500 (SR Telecom
WilLL (Motorola)
Qualcomm CDMA
Other proprietary systems

Exhibit 2

systems by removing their cellular hand-off
capability. The removal of the mobility manager from
the system allows cost-savings to be made.

Many modified systems are yet to be implemented
widely in the Wireless Local Loop. GSM has only a
few known cases of WLL implementation including
South Africa and Fiji, while the more recently
standardised DCS1800, with only a handful of
networks worldwide, has no known instances of WLL
installations. DECT is being trialled in a WLL
configuration in several European countries and PHS
is expected to be adapted for WLL applications for
implementation in a number of Asia-Pacific
countries.

Modified Cellular

R Satelhte Systems for
stems adapted for WLL "

< Fixed Delivery

CT2 (ETSI) Spaceway (Hughes)
DECT (ETSI)

PHS (MPT & RCR)

GSM/DCS1800
(GSM MoV)

Telecom Australia in conjunction with NEC has been
superseded by Philip's IRT2000. Another strong
contender in the area of traditional radio is SR
Telecom's SR500.

The advantage of traditional radio solutions such as
IRT2000 and SR500 is that they are able to provide
integrated microwave network links back to the local
exchange over long distances. In the case of
IRT2000 the local exchange may be located up to
1600 kilometres from the subscriber's premises. The
technology is proven with numerous installations
throughout the developed and developing worlid.

The disadvantage of radio solutions is that they have
limited subscriber capacity (usually around 500
subscribers) are therefore not suitable for high or
medium density situations. Radio systems do not
usually offer the security of speech encryption.

4.2 Modified Cellular Systems

Modified Cellular Systems are Wireless Local Loop
systems which have been adapted from cellular

RN

While CT2 is being used widely in China as a
technology for fixed services, the applications are
limited by the need to use a dedicated handset,
rather than a standard POTS telephone.

For some modified cellular systems, the rollout of
WLL networks remains a promise rather than a
reality.

4.3 Purpose Built Wireless Local Loop Systems

Wireless Local Loop systems, designed specifically
for use in WLL applications, have no mobility
capability and use directional antenna at the remote
stations to allow subscribers to be located at
distances remote from the base stations.

Among the purpose built WLL systems lonica is
unique in operating in the 3.4 Ghz band. Despite the
need for antenna with higher gain on this band, the
lonica systems supports cell diameter of up to 15
kms.
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4.4 Satellite

New satellite technologies may pose a long term
threat to traditional radio and modified cellular
systems. These are not specifically the much
heralded LEO satellite systems, but also those
satellite systems which are purposefully designing
their systems to meet the needs of underserved rural
populations.

A notable example is the futuristic Hughes GEO
Spaceway service scheduled for implementation in
1998.

5. Product Life Cycle of Wireless Local Loop
Technology

The success of various WLL technologies can be
measured by their relative position on the product life
cycle for WLL.

The first digital WLL technologies were point to multi-
point systems which emerged in the early 1980’s and
fall into the “mature” stage of the product life cycle.
These have become increasingly sophisticated but
continue to be constrained by their low capacity and
are most suited to very low density and remote
applications.

Modified cellular systems such as DECT, GSM and
PHS are clearly in their introductory or pre-
introductory phases, while some purpose built WLL
systems such as the Hughes GMH2000 and
Motorola’'s WILL are in the growth phase with a
number of impressive installations. DECT is in the
introductory stage, but has benefitted from extensive
trials in Europe and reservations of bandwidth

between 1880 and 1900 MHz in a number of

countries. Following its widescale public launch in
Japan on 1st July 1995, PHS is now being developed
for use in WLL applications.

6. Relationship with Copper Infrastructure

A key factor for success in the rollout of WLL is its
ability to compete against copper infrastructure.
WLL's competiveness with copper is often derived
from its lower cost and faster rollout in specific
applications.

In terms of the cost comparison between copper and
WLL, WLL is generally economical for lower density
application where distance from the local exchange
is greater than 3 km and subscriber density is low. As
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a rule of thumb, it is estimated from cost modelling
that the point of breakeven between WLL and copper
is reached at a distance of between 2.5 and 3.0 kms
from the exchange at urban densities of 1000 km?.
Less than 2.5 - 3 kms, copper is usually preferred,
but beyond this point WLL is likely to be cheaper.

A cost advantage can also be derived from the lower
maintenance of WLL. Copper is expensive to
maintain because it is relatively inaccessible once
installed and as noted above can be tampered with
by people who find it has inherent value for resale.

The accurate comparison between different WLL
technologies requires a cost model which takes
account of maximum allowable cell size, coverage
area, number of subscribers, erang per subscriber,
frequency reuse plans, base station costs, handsets
costs, and site acquisition costs.

7. Spectrum Availability

A key factor for success of Wireless Local Loop is
the availablity of clean spectrum in the necessary
band. Several countries such as Australia utilise the
1800 and 1900 MHz bands partly for fixed
microwave links. This situation does not exclude the
allocation of this spectrum to WLL technologies, but
may necessitate that allocations are made on a non-
interference basis only.

In some countries the plans for spectrum
management are poorly defined. It seems that in this
situation a key action which underpins the future
success of specific WLL technologies is to make
clear representations to the authorities in each
country to examine the proposed allocation of
bandwidth.

Another restraint is the overlap between some WLL
technologies and FPLMTS (Future Public Land
Mobile Telecommunication Systems) frequencies. In
those countries which have a band-plan based
around European allocations, an issue which may
arise is that part of the bandwidth for some
technologies may be withheld to allow for future
takeup by FPLMTS.

- 8. Market Assessment of the Asia-Pacific

Marketplace

The market potential for wireless local loop products
in the Asia-Pacific region? is the highest of any region
of the world. The Asia-Pacific region is densely
populated where most countries are characterised by



. very low teledens:ty (|e number of telephone lines
per 100 people). . . : .

~V\r|reless.technologies are aIready used in some.

countries and-driven by inherent characteristics that

R number of telephone
-displayed in Exhibit 3
.between developing and developed countries.

“make them faster and cheaper to implement and

" more reliable than wired solutions.

8.1 Current Situation

The development of the various .markets in terms of. -
lines and teledensity is
below highlighting the gap - .

" For countries with a GDP per capita less than US$

3,000, an increase of 4.3 telephone lines per 100
persons is associated with every US$ 1,000 increase
in GDP per capita. The regression line of best fit is

Exhibit 3 shown in Exhibit 4.
' Country Telephone Telephone Teledensity Teledensity ’ ) ' :
_ =.isl;ezs(mils) (Lr;‘r::ess) - Many. countries have a large rural population which
1994 : represents an enormous market. for WLL in this
Australia 8.26 8.85 47.1% 49.6% market segment alone.
China 11.47 27.23 1.0% 2.29%
ndia_____1 650 25 - 1.07% Most of the countries shown have 70% or more of
Philippines | 0.66 1.11 1.0% 1.68% the population living in rural areas. Non-urban
Thailand 1.79 2.75 3.1% 4.69% people have little access to basic telephony with a
Source:

The Asia-Pacific region accounts for 60% of the
world population (1994), but contained only 26% of
the world telephone lines in 1994. With only about
170 million telephone lines serving a population of
3.4 billion, a vast number of people lack reasonable
access to the most elementary telecommunication

rural teledensity often below 1%.

Widespread governmental recognition exists of the
importance of a balance between rural and urban
areas in the provision of telecommunication services.
Among the perceived benefits from expanding
access to communications in rural areas are:

Exhibit 4
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o Decrease of population migration towards the
main cities;
Political stability;
Sense of national identity and cohesion; and
Social development such as health and
education.

8.2 Market Applications

The following markets appear to exist for wireless
local loop:

Congested City in Developing Country
Sophisticated City

Village in Developing Country

Urban Fringe Initial Rollout

New Carrier Rollout for Suburban Areas
Remote

¢ Homesteads and Minesites

8.2.1 Congested City

The market for WLL in urban' environments of
developing countries is based on the difficulties
encountered in installing and maintaining a reliable
telephony service based on copper infrastructure.

Both existing and new carriers are likely targets as
potential ‘purchasers of WLL in urban areas. The
motive of existing carriers to invest in WLL are:

e To respond to the demands of customers;

e To avoid difficulties in “digging up the
' streets” in congested areas;

e To find a cheaper, faster and more reliable
method of providing service to customers

In some situations spectrum availability may be an
issue, notably where interference is likely to be
caused by the co-siting of directional fixed
microwave links.

In other markets new carriers may be a potential
investor in WLL simply because the existing carrier's
infrastructure cannot be relied upon to provide
satisfactory service and WLL offers a quick and
focussed way to rollout operations.

In India and possibly other countries the inherent
value of copper may encourage pilfering.
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The main factor restricting the use of WLL in these
markets is its high cost relative to copper. In
situations of lower density on the urban fringe or rural
areas, WLL becomes cheaper closer to the
exchange.

8.2.2 Sophisticated City

The “sophisticated city” is a market in the cities of
developed countries based on a need to reduce
waiting times and held orders for customers. -

WLL may also prove to be viable as a CAN
(Customer Access Network) replacement in some
situations for cost reasons or where carriers wish to
provide an additional option for connectivity. The trial
of DECT by TeleDenmark is motivated by this
thinking.

The demand from end-customers in this market is
likely to be based on pressure applied to telephone
companies:

e To provide their telephone service quickly; ie:
reduce time spent on waiting lists;

e To provide reliable and high quality services;

e To satisfy the requirements of end-users or
risk them tuming to competitive carriers.

8.2.3 Village in Developing Country

The market for WLL in rural village situations is
based largely on the disparity between urban and
rural teledensities noted above. In most countries a
large push will be made to reduce regional
imbalances in access to telephone services. The
rural market is likely to comprise a combination of
"push” from govemment and “pull* from local
business and villagers.

Rural villages are difficult to serve with copper
infrastructure due to its high cost in low density
situations and because trenching is difficult in rugged.
terrain. In some areas copper may also be removed
by local people for its inherent value.

Private telephone services and public payphones are
likely to be required. Some private telephone
services will also be used for leased payphones by
shopkeepers.
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Exhibit &

TELEPHONE WAITERS AS A MARKET FOR WIRELESS LOCAL LOOP
SELECTED COUNTRIES 1993

number of waiters ¥ 169 k

Malaysia

Thailand

1860 k

Philippines

739§

Indonesia
2497 k
India
1620 k
China
o% 20% a0% 60% 80% 100% 120%

WAITERS AS PROPORTION OF TELEPHONE MAINLINES

Source: ITU

8.2.4 Urban Fringe Initial Rollout

New areas on the urban fringe of major cities which
require telephone services may lack: infrastructure
such as trenched ducts, aerial poles, pillars and pits.
A considerable delay may result before fixed
wirelines can reach new areas.

This may be a problem in developed countries as
well as developing countries. In developing countries,
the problem of lack of infrastructure on urban fringes
may be exacerbated by high population growth rates
and shifting of population towards major cities.

8.2.5 New Carrier Rollout for Suburban Areas

New carriers seeking to provide telephone services
to suburban areas may find WLL to be the fastest,
cheapest and highest quality option available.

WLL can be regarded as a fow cost/low functionality
solution to provision of telephone services. At the
other end of the scale is an optic fibre solution with
high functionality, while copper is an intermediate
solution.
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8.2.6 Remote Homesteads and Minesites

Remote homesteads and minesites located more
than 30 kms from the local exchange are a special
market niche which can be served usually at a higher
cost than other areas.

Traditional point to multi-point technologies such as
IRT2000 and SR500 are often used in this market
segment. Satellite delivery may also prove to be
cost-effective in this segment. '

8.3 Market Potential

Many governments accept either publicly or privately
that state-owned networks and operators have not
lived up to expectations. In general a satisfactory
level of service has not been provided in terms of
volume and quality, especially in rural areas. This
failure can often be traced back to a lack of funds,
poor borrowing ability and a low priority given to the
telecommunication sectors in the past.

One area of immediate potential in the countries is

obviously the unsatisfied demand, generally recorded
via the waiting lists. The figure is greatly
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underestimated for a number of reasons. Firstly, in
some countries, people may not bother to apply
because of the lengthy waiting period. In 1992 the
average waiting time was as long as 10 years in the
Philippines. In other countries such as China and
India, a deposit is required to lodge an application
form. This measure alone acts to deter people from
applying for a line. Finally, the number of people
waiting for a telephone can be underestimated for
political reasons.

However, in some countries such as Thailand, the
waiting list is partly the result of inefficient
procedures to connect people to existing networks.
Exhibit 5§ shows that the longer the bar, the less
efficient the connecting process.

For these reasons the waiting list reflects only a
small proportion of the real potential market. The
"suppressed” demand is much higher and in some
countries like China, it has been estimated that the
number of immediate potential subscribers could
reach 4 to 5 million instead of the 1.6 million
recorded by the ITU®. For India, the potential demand
has been estimated at more than 12 million, rather
than the ITU’s official statistics.

Unserved rural areas constitute the biggest
proportion of the population. Their needs are often
different from the urban population because their
incomes are lower, but the potential is enormous. A
strong emphasis is placed on basic voice services
and a distribution of payphones in Public Calling
Offices (PCO) or other places.

8.4 Requirement for Capital Investment

The level of investment required to achieve cited
national objectives in both urban and rural areas has
been estimated in Exhibit 6. Most objectives are for
the year 2000, except for Thailand where it is for
2001. The assumptions to caiculate the required
investment levels include an average cost of
US$1,500 per line as recommended by the ITU.®

EXHIBIT 6: LEVEL OF INVESTMENTS
FOR 1995 - 2000 (US$B)

Country Rural Urban Total
China 23 87 109
India 14 16 30
Indonesia 3 5 8
Philippines 2 5 8
Thailand 2 4 6
Sources: ’
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The capital requirements show that all these
countries will require investment assistance in order
to fund their objectives. Innovative technologies will
be necessary to address the need of a population
more difficult to access than big urban centres.

! Attributed to Stephen Thomas, President,

Datapro Information Services in ATUG Newsbrief,
January 1995, Page 3.
2 The Asia-Pacific region comprises countries
in Asia as far east as Iran and all Pacific ocean
countries.

ITU, Asia Pacific Telecommunication
Indicators, 1995.

See ITU, World Telecommunication

Development Report, 1995.

ITU, World Telecommunications

Development Report, 1995.

ITU, World Telecommunications
Development Report, 1995.

Teleresources, Wireless Local Loop in Asian-
Pacific Markets, October 1995.
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UPDATE ON -MOBILE SATELLITE SERVICES -

REX HOLLIS

SPACE SYSTEM/LORAL
ARLINGTON, VA

At PTC ’95 1 gave a report on the status of Mobile Satellite
Services (MSS), and in the last 12 months there have been
some substantial changes to the list of players. Iam pleased
to have the opportunity to review some of those changes with
you.

The subject of mobile satellite service has gained a great deal
of interest and credibility over the past year, aided by Inmarsat-
P’s joining the fray, launch of two ORBCOMM satellites and

their announcement of the start of commerical service in Feb- . o sorvices| 5% T oim T e Launch
. lame nar orvices tollitas tatus** ight Dato
ruary, progress of the Big LEOs, and the a.nnounccmenl of Y- eonr v T oom e - oo | 962000
plans for mobile systems capable of operating to hand-held FACS FnalAne- | Dara = 00 kg | 562000
terminals from geostationary orbits. Regulatory issues have omm
been on center stage, including availability of spectrum for GE Amedcom | G @ an | O 2 B 15kg | 97-2001
feeder links and advancing the date for access to the 2 GHz Comm.
. . . . GEMNET CTA Data 38 45.2 kg 1997
band. All in all, it has been an exciting year for mobile ser- Gomm.
. . . . untcation:
vice, and I feel conﬁdenl lhe. excitement will build over the TEo onE oo one | oms - 2o [ s52000
next 2 to 3 years as Big and Liule LEO fleets are launched and usa usa
. RBCOMM i D
become operational. oRBCO St esrre | O *® N e
. laglobe
’ . .. ’ . R STARSY Starsys Data 24 N 330 kg | 95-2000
In my previous paper, I divided the MSS providers into three Giobal
groups: so caltled “Littte LEOs™, or mobile systems having no VITASAT Yo i st | Disastar 2 N 13kg | 1995
voice capability, but capable of position location and messag- e
ing; “Big LEOs”, or those systems with capability of provid- fonal

ing voice, data and fax through hand-held terminals; and geo-
stationary satellites (GEO), both domestic and global, thatcan
provide MSS to vehicle-mounted terminals but not hand-held
termninals, and gave mention to planned GEO systems that
would be capable of operating with hand-held devices. There
has been substantial development in the latter since January
'95, and more emphasis will be placed on that subject. How-
ever, because of the increasing size of the field, today I will
limit my discussion to only those mobile satellite systems that
provide communications through hand-held terminals, as sum-
marized in Table 1.

Table 1. MSS Capable of Operating with
Handheld Terminals

LEO = Low Earth Orbit
MEO = Medium Earth Orbit
1CO = Intermediate Circular Orbit

USA

LITTLE LEO SYSTEMS, U.S.

To begin the update for PTC 96, I will first discuss status of
the Little LEO programs—those that currently have FCC li-
censes and those that subsequently applied. While applica-
tions have been submitted for a total of eight systems, as shown
in Table 2, three are worthy of specific note since ITU notifi-
cation has been made for them.

Table 2. U.S. Registered Little LEO Systems

** « Information not available
N - Notifisd

'Data contnibuted by Intemational Small Satellits Organization. 2300 N. Street. N.W.
rashington, DC 20037)

ORBCOMM - Orbital Communications Corporation
(ORBCOMM) a subsidiary of Orbital Sciences Corporation
and Teleglobe, Inc., plans to launch a constellation of up to 36
satellites orbiting the globe at an altitude of 480 statute miles.
With its first two satellites launched in 1995, it is the world'’s
first global wireless two-way data and messaging service, of-
fering alphanumeric communications anywhere on earth.
ORBCOMM satellites will provide real time relay in the sky
when in view of a gateway, and a near real-time, store-and
forward system when no gateway is in view. ORBCOMM
has negotiated operational licenses with nations containing
more than half the people on Earth, with operating plans that
include a vast array of services. ’

Constellation Orbit Service Frequency
Type
Little LEO Low Earth Data VHF/UHF VITA - Volunteers in Technical Assistance (VITA) is a non-
Big LEO LEO. MEO & ICO | Voice/Data | L & S Bands profit organization that initially received a license to launch
Regional MSS GEO Voice/Dala | L & S Bands one satellite into low-earth orbit, with 90 days to complete its

financial showing for a second satellite. (An extension of this
date has been sought.)
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The FCC declined to consider a request to use a spare for a
third satellite, but said it would consider such a request, along
with that of other applicants, in the second round of consider-
ation of Little LEO systems. VITA plans to use their satellite
system for education, health, disaster relief, and other com-
munications in developing countries. VITA reached an agree-
ment with CTA in 1994 whereby CTA would manufacture and
launch VITAsat-1 for the right to use half of the satellite’s
transponder capacity for commercial services. The satellite
was destroyed in August, 1995 on an aborted LLV-1 mission,
and VITA has reached an agreement to own 5 transponders on
Final Analysis (Faisat) small experimental satellite scheduled
to be launched in 1996 on a Russian Cosmos launch vehicle.

Starsys Global Positioning, Inc.—American Collect Local-

ization Satellites (NACLS), received a license in November
1995 to launch a fleet of 24 satellites, and has agreed to sell
GE Americom 80% of the company. (GE Americom is a sec-
ond-round applicant for a Little LEO operation.) GE agreed
to spend $46 million to deploy the first two satellites of the
fleet.

LITTLE LEO SYSTEMS, NON-U.S.

Table 3 shows information on seven satellite systems of the
Little LEO type that have been announced by other countries
or regions. There is little data on the status of most of these
programs, and I have serious doubt that funding will be made
available for the majority of them.

Little LEO applicants that filed in the second round suffered a

serious delay as a result of the failure of WRC 935 to provide
requested expansion bands of spectrum.

Table 3. Non-U.S. Llttle LEO Systems

Number m Launch
Name Ownar Country Servicas of Status* | Weight D:ra
Sateliltes
Courier | Elas. Russia Data 80 - less through
Couriat than 2000
Kronplex 500 kg
Gorets | Smolsat Aussia tax/email 36 [+ 250kg | 94-96
KITCO KitlCom Auslralia | Data 9 - 90 kg 9798
M (est)
Leo Leo One Mexico aata,fax. 12 A 150 k9 95-96
One Pan pos.del.
Amer. amail,
security
§-80 Centre France messages 20 N
TAQS Nalionala position
d'Eludes determin,
Spatiates
IRIS Beigian Belgium | data/ 2 s 250 kg | 96-97
Science messag-
Policy ing
Otticet
Eurgpean
Space
Ag.
SAFIR OHB Germany | low speed 6 A
Teledata data

Data proviced by Smalispace
°" - Information nol availapie
A - Aavance publication

- Coorgination in progress
N - Notified

BIG LEO SYSTEMS

Three U.S. companies have received FCC licenses to manu-
facture, launch, and operate a constellation of Big LEO satel-
lites: Globalstar, L.P,; Iridium, Inc.; and TRW. The systems
to be launched by these three companies are named Globalstar,
Iridium, and Odyssey respectively. Action was deferred on
the application of Constellation Communications, Inc., witha
proposed fleet named Aries, and the application of MCH, Inc.,
which proposed a system referred to as Ellipso. Both have an
opportunity to be reconsidered in 1996.

The term “Big LEO” is generally applied to the U.S. appli-
cants, but could well include the INMARSAT spinoff com-
pany INMARSAT-P, or ICO Global Communications Ltd. The
name is derived from the phrase “intermediate circular orbit”.
Data on ICO Global is shown in Table IV, along with that of
the original 3 U.S. Big LEO applicants receiving licenses.
These four will be discussed in detail.

GLOBALSTAR - Globalstar, L.P, the provider of the
Globalstar service, will launch a fleet of 56 satellites into or-
bits inclined at 52 degrees to the equator, starting in 1997,
There will be two launches of four satellites each, using the
McDonnell Douglas Delta II, three launches of 12 satellites
each using the Ukrainian Zenit 2, and one launch of 12 satel-
lites using the Chinese Long March 2E vehicle. There will be
48 operational satellites, divided into 8 orbits spaced 45 de-
grees apart and containing 6 spacecraft each. The operational
fleet will be at an altitude of 1410 km, and 8 spare satellites
will be held in a staging orbit at 910 km. From this altitude it
will be possible to replace any failed satellite in a relatively
short time, even though the design of the Globalstar system
provides the capability to continue uninterrupted operation with
the loss of one or more satellites if they are in different orbital
planes. '

Globalstar ownership includes investors who were selected
because of their experience in telecommunications service.
These companies bring a wealth of experience and operational
know-how to the Globalstar organization. Each investor has
designated a number of countries for which it has have exclu-
sive rights to provide Globalstar service, currently accounting
for approximately 80 countries. Itis anticipated that revenues
of $1.6 billion will be realized from 2.7 million subscribers
by the year 2002.

The Globalstar design feawres 16 spot beams from each
satellite antenna, which in total results in a coverage pat-
tern of approximately 3,000 miles in diameter. In the
temperate zone, this produces overlapping coverage from
two or more satellites.

'BEST COPY AVAILABLE
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This multiple coverage results in increased redundancy and
greatly reduces potential problems resulting from blockage
or shading. Itis made possible by the use of Code Division
Multiple Access (CDMA) technology. This technology pro-
vides very high spectrum efficiency, is tolerant of many inter-
ference sources, and coherently adds multipath signals.

Globalstar will begin operation in mid- 1998 with a 32-satel-
lite fleet, with full operational status in early 1999 with 48
satellites. It is anticipated that dual mode telephones, i.e., ca-
pable of operating with a terrestrial mobile system and with
Globalstar, will sell for approximately $750. Globalstar-only
telephones will cost approximately $500. Exclusive service
providers in each country will be able to set their own rates,
therefore it is not possible to state precisely what they will be.
However, since the price to the service provider will be in the
range of $0.35 t0 $0.55 per minute, end user charges are an-
ticipated to be less than $1.00 per minute.

IRIDIUM - Motorola, the founder of the 66 satellite Irndium
mobile satellite service, will be the prime contractor and has
selected Lockheed Missiles & Space Co. to manufacture the
spacecraft bus. The system is projected to consist of 11 satel-
lites in each of six orbital planes at an inclination of 86.4 de-
grees. The satellites will be launched by McDonnell Douglas
Corp., Khrunichev State research and Production Space Cen-
ter, and China Great Wall Industries. Plans call for 73 satel-
lites to be launched, with 8 launches of 5 spacecraft per launch
by McDonnell Douglas, 3 launches of 7 per launch by
Khrunichev, and 6 launches of 2 per launch by China Great
Wall. Initial operation is anticipated in 1998.

The Iridium design entails the use of inter-satellite links
whereby satellites communicate. with one another, and calls
are routed dynamically from satellite to satellite, traversing
terrestrial transmission only from the destination gateway to
the called party. The satellites will operate in a polar orbit, at
an altitude of 480 NM. The system will operate in a Time
Division Duplex mode, with the space to earth and earth to
space channels both operating in the 1.6 Ghz band. Modula-
tion will by Time Division Multiple Access, thus rendering
the system incapable of sharing frequency spectrum with other
Big LEO operators. Under current conditions, approximately
5 Mhz of spectrum in the L-band is authorized for operation
in the United States, with spectrum availability generally de-
termined on a country by country basis for the rest of the world.

Iridium projects system cost as $3.4 billion, plus $1.3 in inter-
est and expenses. They report equity commitments of $1.6
billion from a total of 17 investors, which include Nippon Iri-
dium Corp., with 13.2%, and Vebacom GmbH with 10% as
the largest investors except for Motorola itself, which holds
approximately 25%.
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Iridium telephones are projected to have an initial price of
$3,000, and its alphanumeric pager to be priced at $500. Cus-
tomers will be charged $50 per month for access, $3 per minute
for air time, plus any interconnection charges. Charges for
paging will be on a per page basis, with rates a function of the
area covered. There will be a monthly access fee for paging,
estimated to be $50.

lri.dium plans to be operational by the third quarter of 1998
with 650,000 voice customers and 350,000 paging customers
by the year 2000.

ODYSSEY — TRW Space & Electronics is holder of the third
Big LEO license, and plans a constellation of 12 satellites to
provide mobile satellite service under the name Odyssey.
These satellites will operate at an altitude of 5,591 NM (10,354
km), a medium earth orbit, or MEO. The constellation will
consist of four satellites in each of three orbits inclined to the
equator atan angle of 55 degrees. Using a medium earth orbit
MEO, the satellites move at a speed of 1 degree per minute, or
one complete orbit of the earth every 6 hours.

TRW teamed with Teleglobe, Inc. of Canada in a limited part-
nership to form Odyssey Worldwide Services as operator of
the Odyssey system. The general partners will provide about
15% of the equity in the venture, which is projected to cost
approximately $2 billion, with projected service date in 1998.
The source of the vast majority of required financing is yet to
be identified.

Ofiyssey has adopted a beam steering technique, which per-
mits the satellite to increase its time of coverage ‘over land
masses as it passes overhead. Odyssey claims that by point-
ing the antenna at the land mass as it approaches from over
oceans, steering the beam as it passes overhead and departs
from the land mass, it decreases the number of handoffs
of in-progress calls as well as loss of capacity during the
over-water journey. The projected result is an uninter-
rupted coverage time without hand-offs of 60-70 min-
utes.

1CO GLOBAL COMMUNICATIONS Ltd - ICO Global
was established in January, 1995 as an affiliate of Inmarsat,
with 37 signatories expressing a formal intent to invest. Over
60 communications carriers and industrial partners now make
up the alliance, investing an initial $1.4 billion. First genera-
tion capital expenditure is projected at $2.6 billion, with $2.2
billion for the space segment. Inmarsat is to develop, man-

age, operate and market the system under contract from the
ICO Global Affiliate.

Hughes is the sole source satellite contractor for the fleet, which
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will consist of 10 operational spacecraft plus two spares.
There will be five satellites in each of two planes, orbiting at
an altitude of 10,335 miles. The satellites will be large,
with a mass of 2,300 Kg and DC power of 5 Kw. A
complex beam arrangement is planned, consisting of 121
service links. The satellites will operate in the 2 Ghz
band, using frequencies with availability advanced to the
year 2000 by the 1996 WRC.

A comparison of the characteristics of four Big LEO
systems is shown in Table 4.

OTHER BIG LEO EQUIVALENT SYSTEMS,

Table 4. Characteristics of Big Leo Svstems

Business
Ci /: Iridium ico Odyssay
System Development | 1.8 4.7 2.6 2.0
Costs ($B)
Subscribar Rate $.35-.55 $3.00 $2.00 $.65
Par Minute Wholesale
$.55- 65
Retail
Estimate Subscribar $750 §2.500 ND $400
Unit Cost
No. of Satallitas 48 66 10 12
Satellite Life 7.5 5.0 ND 10
(Years)
Launch Waeight (Ibs) 800 1.540-1,800 5.060 4,000
Altilude (NM) 750 480 9,160 5.600
Signal Modulation CDMA TDMA TDMA CDMA
Spactrum Sharing Yes No No Yas
Path Diversity Yes No Yas Yas
Gataway C-Band Naw KA-Band | C-Band | New KA-Band
Planned Sarvice 1998 1998 2000 1998
Data

ND = Not Disclosed

NON-U.S.

Additional MSS systems, capable of voice communica-
tion, are shown in Table 5.

Table 5. Additional Non-U.S. Systems of MSS Voice Service

Ni Owi Number of m Launch
ame ner Country | Services ‘Satoliites | Status * Weight Date
ECC-8 | Embratel Brazil Voice/tax 8 A - 1998
Talebras position
determin.
MiniSat | INTA tnst Spain | Communi- 2 150 kg 95-96
National de cation 500 kg
Toc.Asro voics/data
Signal NPO Russia | Voice/ 48
Energia data

“* + Inlormation not available
A - Advance publication

MOBILE SATELLITES FROM GEO

The idea that it would be possible to communicate via a
handheld transceiver with a satellite located 22,300 miles
away violates the intuition. However, it is a technology
that is rumored to have been developed for classified

BEST COPY AVAILABLE
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applications within the government, and is rapidly be-
ing applied to commercial applications. To understand
this technology consider that a transmission link can be
maintained when there is a loss in transmit power or re-
ceiver gain at one end of the link, it is offset by an in-
crease in power and receiver gain at the other. A reduc-
tion in the size and power of the handheld user terminal
is offset by use of a very large antenna on the satellite.
Three examples of this application have recently emerged
in the form of regional MSS systems planning for GSO

Table 6. SS Providers from GEO

Business ?:Iia ;acilic Afro - Asean
isti Mobile Tel, Asi { ui
Characteristics (APMT) (ASC) (ACE§)
System $650 M $800 - 900 M 3600 M
Development
Costs (SM)
Primary Backers - China Aerospaca | - ESSEL Group -PLOT
- COSTIND (China) India) (Philipginas)
- Singapore - Naw Corp. - Pacific Satelit
Talacom { i
- Singapora (Indonaesia)
Tachnology - Jasmina
(Thailand)
Covarage China & SE Asia 55 Countnas in SE Asia,
rica. Indonesia.
ME, Former CIS. Philippinas
Asia
and India
No. of Satallitas 2 2 2
Prime Contractor In Compatition - Hughaes Lockhaad-Martin
Hughas, Loral
Launch Life (Years) 12 12 12
Signal Modulation ND TDMA TDMA

operation. The charactenistics of each are presented in
Table 6.

ASEAN CELLULAR SATELLITE SYSTEM
(ACES), OR GARUDA
Partners in the Indonesia-based ASEAN Cellular Satel-

. lite System (ACeS), a geostationary satellite system, ca-

pable of providing voice communications to hand-held
devices, include Jasmine International Public Co. Ltd.
of Thatland, the Philippine Long Distance Telephone Co.,
and PT Pasifik Satelit Nusantara of Indonesia. Two sat-
ellites will be manufactured by Lockheed-Martin Corp.,
with the second to serve as a ground spare. Satellite
capacity was announced as 10,000 simultaneous calls.
Coverage will include India, Thailand, the Philippines,
Indonesia and Japan.

AFRO-ASIAN SATELLITE CORPORATION
(ASC), OR AGRANI

Afro-Asian Satellite Corp. (ASC), a proposed regional
mobile satellite service backed by Essel of Bombay, is.
designed to provide service to 55 countries. Coverage is
projected to include parts of Africa, the CIS, Asia,
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and the Middle East. Hughes will manufacture the two satel-
lites for ASC.

ASIA PACIFIC MOBILE TELECOMMUNICATIONS
OR APMT

‘The Asia Pacific Mobile Telecommunications (AMPT) sys-

tem is 25% owned by Singapore Telecom and 75% owned by
Chinese agencies. Regional coverage will focus on China.
The manufacturer for these satellites has not yetbeen selected.

RELATIVE MERITS OF LEO AND GEO MSS
SYSTEMS
While it is conceivable to cover the low to mid latitudes glo-
bally with a family of regional GEO mobile satellite systems,
their strength rests with a regional concept. These could in-
clude:

. earlier to market

. easier to obtain licenses

. beam shaping permits continuous use of full system
capacity

. simplified satellite control

. longer life

Since there are different characteristics among the four
LEOs, Globalstar will be used for comparison. Its
advantages over GEO satellites systems include:

*  Greater redundancy, providing multiple satellite ac-
cess and coverage in case of a spacecraft failure

*  voice quality (imperceptible delay)

*  near global coverage

* handset portability

* fewer dropped calls (diversity, better look angles at
higher latitudes)
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CONCLUSIONS

WRC 95 was very kind to the Big LEO satellites in that it
provided frequency spectrum for feeder links to gateways, and
in the case of ICO, communications channels between user
terminals and the satellites. It was not so kind to the latest
group of Little LEO applicants, for no new spectrum was al-
located—though there is reason to believe this will be cor-
rected with WRC 97.

With the enabling spectrum now available, there is ample rea-
son to believe that at least three of the Big LEOs will com-
plete and launch their systems—Gilobalstar, Iridium, and ICO.
Odyssey continues as a strong possibility, but as of this writ-
ing, there is no indication that financing has been arranged.
With addition of each MSS system, the financing problem
becomes more difficult for those that have not yet obtained
necessary funding, as is the case of the two applicants that did
not receive their license in 1995, Ellipso and Aries. They are
eligible for review in January of 1996,

With three regional systems and at least three Big LEOs, the
question of the market's ability to sustain themn all is frequently
asked. Only time will tell, but there are untold millions of
potential users, and new applications will quickly evolve once
the communications channel is made available. One thing is
abundantly clear, the world is about to find a new way to com-
municate, and we are in for a fascinating marketing battle.
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Wireless in Indian Railway Telecommunication Network

Mohan Kishen Kaul, Former Telecommunications Advisor, Ministry of Railways
D. Swaminathan, Director Maintenance Lines, Department of Telecommunications
B. A. Majmudar, Vice President India Operations, QUALCOMM
New Delhi, India

1. Abstract

The paper discusses the use of code division
multiple access technology for the linear captive
network of Indian Railways. The technology in
addition to being cost effective could cater to both
fixed and mobile environment of railways.
2. Wireless in Indian Railway
Telecommunication Network

21 Railway Telecommunication network
requirements
2.2 Introduction

Indian Railways own and operate a large
telecommunication network next only in size to
PSTN network. The Rail network cirss crosses
length and breadth of the country and forms the
backbone of the national economy. The
Management function of this fourth largest Railway
undertaking in the world under one management is
performed by a large telecommunication long haul
microwave network. For day to day train operations,
the system uses millions of kilometres of copper
wire along the track mostly for voice circuits in
omnibus mode with selective calling facility. These
omnibus control communication circuits extend to a
maximum length of 200kms with a typical range of
120 to 150 kms. A section controller normally mans
the link with tapings at twenty to thirty wayside
stations and other nodes. A block working circuit for
fail safe train operation is also carried on the same
alignment.

2.2 Limitation of present technology

Open wire lines are difficult to maintain due to
inhospitable terrain, frequent breakdowns due to
vegetation coming in to contact with these lines and
their proneness to lightning and other
electromagnetic interference along the electrified
tracks Screened quad cable used in the electrified
areas though an improvement to take care of
difficulties mentioned above is still prone to

59

vandalism, thefts and natural calamities like floods,
landslides etc. Leading to high maintenance cost.
Railway network though presently being addressed
as a fixed network does need to be upgraded to
cater to the mobile environment also.

23 Network Design and costs

The network design assumes a hypothetical control
section of about 150 kms from station “A” where the
main Railway control office is located to a station
“B"” with a control subsection between station “A:
and “C”. The distance between “A” & “C” could be
about 50 kms with 8 intermediate stations. The
section controller at “A” need to be in constant touch
with all the stations in omnibus mode and with
selective calling facility.

In a typical Railway environment about 3 to 4 control
circuits are provided in non electrified area and
about a dozen in electrified territories. It will thus
need more number of code sets to cover all the
control circuits.

The conventional overhead alignments used by the
Railways constitute a staggering figure of millions of
kms. These are very old copper based and new
alignments are ACSR(Aluminium conductor steel
reinforced) based owned and maintained mostly by
Railways. These suffer from very poor operating
efficiency, high maintenance costs and in any case
have to be replaced by quaded cable when routes
are electrified.

With copper costs going up, Railway administrations
are looking more and more to optic fibre where O &
M costs per channel are much lower. The operating
efficiency of overhead open wire circuit could be as
low as 15% but rarely exceeds 60-70% this is
matched by its low construction costs at about Rs.
0.1 million/km. ($ 3200/km) The annual recurring
maintenance costs amount to about 5% of the total
erection costs. In electrified areas the quaded cable
of size 0+17+3 is mostly used and the efficiency
figure achieved could be as high as 95% to 98%
with construction cost varying between Rs. 0.5
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million to Rs. 0.7 million/km. ($ 16000 to $
22400/km) The network does not include any
mobile communications for Railway operation. In
optical fiber territory the costs vary between Rs.0.9

million to Rs.1.1 million per kilometres ($29000 to.

$35000).

IR has tower mounted 18GHZ based point to point
operating control circuits since 1980's. These
systems are used mostly on Eastern Railway
running along the Gangetic plain where the tower
hights re reasonable although rainfall rates are quite
high. However use of this technology option is
restricted by terrain, rainfall rate and can not be
universally used on all routes. The system cost
varies between Rs.15 million per km to Rs.20.0
million per km($48000 to 6400). The O.F. and
18GHZ options include provision of a simple mobile
emergency communications system.

3.0 Technology Options

Railway Network is suffering from considerable
technical and operational constraints due to the
existing technology in use. In addition IR is facing
funds constraint for modernising the network.
Hence it becomes necessary to look out for
technology option which provides technical solutions
to operational problems at an optimum cost.

31 Point to Multipoint Wireless technology
provides optimum solution enabling an integrated
approach for railway administration’s catering to
both fixed and mobile communication environment.
With the inherent advantages that digitisation of
communication offers, FDMA option is not
considered a suitable solution.

3.2 Wireless in the Indian environment needs
very careful planning due to lack of regulations on
generation of manmade RF noise. IN addition for a
wireless user like IR there are considerable
areawise restrictions on the allocation of
frequencies. The environment in which the
communication is to take place is basically on a
multipath mode leading to Raleigh type fading. The
security requirement for information particularly for
Block Working is very sever and hence needs
proper error control mechanisms. Any system that
" is introduced in the railway network should have a
considerable technology life so that a long term

perspective can be evolved while planning the

network.

33 Considering all the above aspects, is found
that performance as claimed by CDMA technology
is far superior to the TDMA option.

3.4. CDMA Option
CDMAoffers the following advantages :

® Large capacity. CDMA has much larger
capacity than other wireless technologies,
which makes it possible to serve many
more subscribers in a switching Centre from
a centralised sectored base station.

® More range. CDMA provides considerably
more range for a given amount of power.

° No frequency planning. a CDMA system
requires no frequency planning or returning
when it is first set up or when it is expanded
in response to unpredictable demand. Less
power per call. CDMA wireless stations
limit their transmitted power to only that
required for reliable transmission. Power
control extends battery life in portables and
in fixed stations on standby power,
increases the capacity of the system by
minimising interference to other calls,
reduces subscriber equipment cost, and
minimises concerns about the biological
effects of radiated power.

° Natural service evolution. CDMA allows
system to evolve naturally from straight
wireless replacement of wire-based loops to
the full mobility and service capabilities of
PCN Flexibilty. The high degree of
flexibility of CDMA-based wireless systems
allows to select and architecture that meets
needs and the needs of your subscribers.
This flexibility applies both to the degree of
equipment centralisation required, as well
as to the level of subscriber mobility
needed.

e Equivalent cost. Currently, CDMA per-loop
cost compare favourably to those for wired
loops. However, as the technology evolves,
the cost of CDMA equipment can be
expected to decrease dramatically in much
the same way the cost of personal
computers had decreased. In contrast,
wired loops can only increase in price.
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341 COSTS

Field trials have shown than the capacity of a static
CDMA system assuming an average busy hour
average per subscriber of 0.1 Erlang, up to 400
subscribers per sector per 1.2 5MHz bandwidth
channel can be served. The configuration given at
para 1.3 will need one channel (one code) in CDMA
with parallel tapping at each station. For a typical

Station
Switch

Figure 1: A Basic CDMA Wireless System

coverage of a control subsection of about 50-60 kms
a base station will be set up at control office at
station “A". All wayside stations will be provide with
handsfree telephone. A set of code with
complimentary TX, RX need to be provided at each
station so that track maintenance personnel will be
in touch with the nearest station through hand held
sets.

Assuming six sector and availability of ten 1.25 MHz
channels in each direction the total capacity of a
CDMA Base Station is up to 2400 subscribers.

Assuming that number of stations in a Control
Subsection of 50kms is 8, and each station has a
compliment of three reservation Counters, one
PSTN/Railway phone, | Public call office in addition
to other operational points and portable hand held
sets with Patrolmen / Maintenance staff per block
section to be an average of 3, the total number of
CDMA phones will be about 72. Taking the average
cost per subscriber to be about $1200, and catering
to about 12 control circuits operational in electrified
territory the average cost of a CDMA set up for a
Control Subsection of 50 kms works to about
$108,0000 roughly about Rs.3.0 million with
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maintenance cost at about 1%. A train to control
mobile communication system is available at no
extra cost and with possible connectivity to PSTN,
CDMA option could be a strong contender for
Railway Telecommunications specially in electrified
areas where copper or optic fibre is being
traditionally used.

Rly. CDMA
Contro!
Centre
—_  \150km

Patrolman l \

" 0

Stn.'A' Stn2"

Figure 2: Railway Telecommunication Network -CDMA-
Fixed & Mobile Integrated Option

4. Conclusion

CDMA network can provide both fixed and mobile
communication requirements of Indian Railways
with more options and features compared to the cost
of this kind of a CDMA network, even the least cost
option of copper pair, for fixed application alone,
would cost more than double this amount. indian
Reilways could consider their technology options for
their long haul, short haul point to point and point to
multipoint network to mke it cost effective and
reliable.
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WIRELESS INFRASTRUCTURE IN VIETNAM:
evaluating an emergent leapfrog strategy

A Lee Gilbert, Director
MBA (Management of IT) Programme
Nanyang Business School, Singapore

1. ABSTRACT
Wireless telecommunications is an infant industry in Vietnam, which promises to be an

effective solution to rural and urban needs for connections. However, success will require
substantial investments in infrastructure by overseas sources of capital and technology, and
new working relationships between foreign investors and those local organisations able to
bring the political and organizational resources needed for a viable long-term venture.

Vietnam’s ASEAN entry is an opportunity to review telecommunications policy. An
aggressive government could help strong local partners attract the technological and
management skills needed to help develop markets, build manpower resources, and put
effective operations in place. This paper explores interactions between demand and supply
in the context of the interests of the key actors, and applies the scenario analysis technique
to identify likely development issues for stakeholders in the rapidly growing sector.

2. INTRODUCTION

Telecommunications is difficult in Vietnam, as in
any narrow mountainous coastal nation of 329,560
square kilometers sustaining the vast majority of its
75 million population in rural towns and villages(1).
Demand increased following the Doi Moi policy
movement of Vo Van Kiet, which shifted the nation
from its centrally planned to a market economy.
New measures to separate regulation from service
delivery and decentralise local operations attracted
foreign capital to the sector. The payoff was rapid
introduction of new technology and accerated line
capacity growth. Today, its national system offers
100% digital switching and transmission in cities
and among major exchanges. However, even this
improved network infrastructure is inadequate to
meet rising demand, and current thinking is to use
advanced technology to optimize the value of its
limited physical network capacity. In rural areas,
breakthroughs in low-cost digital technologies may
extend network reach at a moderate cost. In cities,
mobile services can support a faster business pace.

For overseas suppliers, planning is hampered by
lack of data and uncertainties. However, there is
substantial scope for mobile equipment and service
sales, which should continue to grow very rapidly
over the next decade. Gaining access to emerging
service markets demands substantial investment of
capital and scarce skills, plus developing a sound
working relationship with a local organisation able
to bring the necessary organisational and political
resources into a successful long-term venture.
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The industry is now very volatile, and many foreign
players court the few local organisations capable of
seeking approvals and operating a complex system.
New operators experience difficulty in providing an
adequate service level while meeting rising demand.
Regulators, coping with the rapid transition to a
liberalised policy regime, struggle to develop new
legislation to govern the sector and meet rising
expectations. Foreign suppliers enter with caution
any relationship governed by a contract executed in
an emergent commercial legal system. New °
entrants seeking to mitigate such inherent risks must
select a partner with compatible interests, then
formulate market entry and development strategies
which will be robust in all likely future contexts.
Scenario analysis, discussed in a later section of this
paper, is a useful planning tool for evaluating such
complex entry mode and policy options.

2.1 DEMAND FACTORS

Although official per capita GDP is less than US
$300, actual purchasing power is perhaps four
times this. Average income in major cities is far
higher and is rising rapidly (2). Cellular service
users exceeded 8,000 at end 1994, and in 1995
their ranks grew at nearly one thousand units per
month. Pager use is doubling annually. Current
demand for wireless services stems not only from
urban subscribers using carphones, handphones,
and pagers for better access on the move, but those
using handphones as an interim substitute for a
fixed telephone line, and rural residents using fixed
wireless as a link to the nearest district exchange.
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Source: CIA Fact Book 1994
The Socialist Republic of Vietnam is a narrow
coastal nation separated from its neighbors by
mountains and the sea, sustaining only a small
minority of its population in urban areas. In these
cities, restricted Post & Telecom (P&T) land line
capacity is a transient source of demand for cellular
services. However, a younger generation perceives
the handphone less as a convenient status symbol
than as a normal means of staying in touch. Digital
pager use is growing rapidly, and many users may
upgrade to handphones as these become affordable.
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Table 1 below depicts major urban areas, estimated
population (varying from official figures), telephone
lines per capita, handphones in use in mid-1995,

and the estimated growth rate in handphone use (3).

TABLE 1: MAJOR URBAN MARKETS

Areas Popu-  Tele- ' Hand= Growth
ation density g

Hanoi/Haiphong 5m  3.4/100

Ho Chi Minh 6m 3.2/100

Danang/Hue area 3 m 1/100

National 75m 0.9/100 00 750/mo

The Vietnamese government targeted the year 2000
as its deadline for providing telephone services to
all its villages. Demand for fixed wireless stems
from the conflict between the low revenues to be
gained by providing services to outlying villages,
versus high initial and maintenance costs to string
twisted wire to low-density rural areas. Small-scale
rural wireless service trials have shown promise in
Malaysia, Indonesia, and India. Several foreign
operators are now gaining experience in field trials.

Even for experienced foreign operators, wireless
market entry will not be simple. A new entrant,
well-armed with access to advanced technological
skills and capital, must still be able to select the
right technology, develop local markets, attract
strong local partners, and help their local partners
put effective operations in place. Success demands
an understanding of the rapidly evolving structure
of the telecommunications policy environment.

2.2 THE TELECOMS POLICY ENVIRONMENT
Sector regulation falls under the Directorate
General of Post & Telecommunications (DGPT),
which relinquished responsibility for operations to
state-owned Vietnam Posts and Telecommunications
(VNPT) in 1990. DGPT is responsible for national
policy, frequency management, and technical
standards, carries out R&D in support of its policy
research, and also oversees all telecommunications-
related business cooperation contracts (BCC) and
joint-venture (JV) manufacturing. State-owned
VNPT operates the national backbone network
interconnecting the 53 provincial operating
companies, over which it has substantial influence.
Separate VNPT subsidiaries provide domestic long-
distance (VTN), data (VDC), and international
services (VNI). The traffic growth rate exceeds

75 %, despite high tariffs for overseas calls, which
are the major source of VNPT revenues. Links to
overseas Vietnamese generate much of this traffic.
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A national Law on Posts and Telecommunications is
promised. In-the interim, DGPT regulation of the
sector is apparently conducted on a case-by-case
basis. The current national mobile communications
standard is GSM, although the Ho Chi Minh City
P&T plans a trial project for digital AMPS, and
CDMA technology is under review by DGPT.

DGPT is responsible for setting technical standards,
although the decision path for controversial issues
leads to the Communist Party Political Bureau
(which provides conceptual direction) then through
the Prime Minister's office, which examines
economic issues and prepares implementation
guidelines. In early 1995, more than ten major
telecommunications projects were under ‘such
review. Several wireless trial projects, involving
NEC, Hughes Network Systems and AT&T, are
underway. Trials provide valuable experience with
new technology and help substantiates competing
claims of lower costs, performance advantages in
noisy environments, and superior security features.

2.3 SUPPLY ISSUES

Driven by accelerated business velocity and rising
prosperity, wireless capacity grew after the opening
of the economy in the late 1980s. While Vietnamese
law does not yet allow wholly foreign-owned firms
to operate telephone networks, several contract joint
ventures (governed by Business Cooperation
Contracts, or BCC) provide various services. The
Australian carrier Telestra, with an investment
approaching US$ 250 million, is a major player. To
capture the emergent demand for an international
gateway, Telestra linked up with VNPT in 1986,
installed an earth station and other infrastructure for
less than one million dollars, then reinvested its
profit in backbone network projects. Despite this,
the authorities may not allow Telestra to expand its
current business scope to the wireless arena (4).

While the 53 semi-autonomous provincial P&T
units are technically equal, the Ho Chi Minh City
(HCMC) P&T is visible due to its large scale and
the dynamic economy of the South in recent years.
HCMC P&T sponsored a wide variety of new
technology-based services, implemented as field
trials. After DGPT acted to discourage this
practice, certain HCMC-based joint ventures
experienced difficulty in obtaining the licenses
needed to expand to adjacent markets. In practice,
Hanoi-based local organisations such as VMS have
significant advantages in gaining market access.

24 MARKET ACCESS

Gaining access to wireless telecommunications
service markets in Vietnam requires meeting four
major conditions: adequate financing, appropriate
technology, access to national infrastructure such as
the radio frequency spectrum, P&T network, radio
towers, and underground cables, and a local partner
with the appropriate political and organisational
assets to sustain project approval, implementation,
operation, and expansion over the life cycle of the
venture. A foreign operator is expected to package
the first two elements, and to team up with a local
organisation with the latter. Political influence is the
primary means of rivalry for important resources
such as frequency allocation, key staff, and capital.

Allocation and management of radio frequencies for
mobile operations involves the DGPT and the local
P&T organisation. Frequencies are allocated only
to Vietnamese organisations, and through them, to
ventures with foreign partners. Investment laws
allow holders of frequency licenses to represent
such allocations as leasing assets making up part of
their capital contribution to a joint venture.

Equity joint ventures are permitted for equipment
production, but all service delivery must be carried
out through Business Cooperation Contracts (BCC).
In practice, a BCC amounts to a contract joint
venture, which must be approved by DGPT and the
State Committee for Cooperation and Investment
(SCCI), then implemented in an emerging legal
system where commercial law is at best difficult to
enforce, and political clout is likely to impact the
workings of the legal system. While national
security and political sensitivity are often cited as
the justification for the restriction to the BCC mode
for telecommunications services, its side effect is to
constrain the legal rights of foreign partners.
However, the Telestra case illustrates mutual gains
from a well-structured joint venture, with a multi-
million dollar commitment governed (until recently)
only by a memorandum of understanding (MOU)
and carefully aligned interests.

DGPT and VNPT regularly solicit proposals. For
example, in early 1995 VMS considered four total
network solutions, each with a different partner.
After developing a business relationship with a local
partner, the next step for a foreign supplier is to
obtain project financing. Once this is secured,
technology can be specified or approved, and the
local partner completes the licensing process, which
should already be informally agreed.
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3.0 CURRENT INITIATIVES

The leading wireless operator, government-owned

~ Vietnam Mobile Services (VMS), received the first
nationwide license for wireless telephone services
on the GSM 900 band, and implemented a network
based on Ericsson technology in the Ho Chi Minh
City region. VMS also took over an Alcatel-based
network (with which they seem to be experiencing
operational service quality problems) from the
Hanoi P&T. Now directly under DGPT, and no
longer an arm of VNPT, VMS is dependent on its
links to local P&Ts, and also appears to remain
strongly influenced by VNPT. VMS and its new
Swedish partner Kinnevik plan to expand services
throughout the country. Other government-linked
companies, such as SIGELCO, have similar plans.

Rural networks serving the Vietnamese population
living in rural towns and villages are fashioned
from a mixture of copper cable, obsolete switches
(often used PBXs), and low-capacity (often analog)
microwave links. Two years ago, one in ten rural
villages had telephones: now, seven of ten villages
in highland areas, and one in ten mountain villages
are linked. Rural phone density is about 10% of
that in urban areas. By the year 2000, the policy
target is telephone service to every village, a goal
shared with Indonesia and India. However, these
nations have a significant head start, and Vietnam is
exploring the potential role of wireless technologies
to help meet this self-imposed deadline. Rural areas
will contain only 70% of the population by the year
2000, when policymakers hope every village will
have an exchange of 50 to 100 lines. In more
populous areas, such exchanges will be linked via
PCM cable or low-capacity digital microwave. In
difficult terrain such as the Mekong delta and the
mountains, the current plan is to use HF radio links
to connect villages with district-level exchanges,
then to replace high traffic HF links with digital
MARS systems over the next five years. Remote
areas with concentrated populations will be served
by 1.5 to 3-metre VSAT technology. Dispersed
populations can be served by small radio systems.

While wireless solutions were once prohibitively
capital-intensive (early pilot projects in rural
Vietnam exceeded $2,500 per line), the government
is committed, and emerging digital wireless
technologies can bring costs per line below $1,000,
comparing favorably with wire (5).

The rural design features digital switches from
India's Centre for the Development of Telematics
(C-DOT). An integrated RAX switch-cum UHF
radio transceiver kit developed at the C-DOT
Bangalore facility, is shipped in semi-knockdown
form (6). 20,000 RAX lines, mostly funded through
soft loans from the Indian government, are now in
place. The DGPT Research Institute for Posts and
Telecommunications provides maintenance, and
also assembles and tests the C-DOT 10-channel
radio link currently deployed. SR Telecom and
Phillips TRT dominate the rural point-to-point
microwave market. DGPT and Phillips formed a
joint venture to produce the IRT 2000 TDMA
multi-access radio system. Alcatel, Ericsson, and
NEC provided technology for rural wireless local
loop trials near Ho Chi Minh City and Hanoi.

In 1993, VNPT entered into a $110 million
outsourcing project with a New Zealand firm to
provide rural wireless connections to 5,384 villages
and towns throughout the nation by the year 2000.
Telenz International (a TCNZ subsidiary) conducts
equipment trials, screens vendors, and will soon
install, manage, and operate rural links. Their
design relies heavily on radio technologies for
trunk, junction, and local loop applications. .
Villages and towns of more than 50,000 population
are the initial target. Field trials of rural wireless
technologies sourced from regional suppliers
Marine Air and Exicom are underway (7).

In urban areas, rising incomes drive demand for
telephone service, and a faster pace fuels new
demand for mobile service. Paging services are a
rapidly growing market segment. Subscribers
double yearly: from 60,000 today, they may reach
300,000 by the year 2000. Table 2 profiles the
pioneer Hanoi and Ho Chi Minh City operators.

TABLE 2: PIONEER PAGING SERVICE OPERATORS

OPERATOR | ENTRY | INVESTMENT | SUBSCRIBERS SERVICE AREA
Phone-link [ 1992 about $1m 18,000 HCMC, Mekong Delta, Vung Tau
Saigon ABC || 1993 - about $1m 8,000 HCMC, Hanoi, Mekong Delta, Haiphong
Saigon-EPRO | 1992 about $1m 8,000 HCMC, Mekong Delta
MCC | 1989 less than $1m 3,000 HCMC :
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3.1 CELLULAR TECHNOLOGY IN USE

Cellular mobile services are GSM-based, except
for the problematic Call-Link trial, soon to migrate
to D-AMPS. The Saigon-based Call-Link service
has been unable to obtain approvals from VNPT to
move beyond the borders of Ho Chi Minh City

TABLE 3: PIONEER MOBILE SERVICE OPERATING COMPANIES

Post & Telecoms, and was forced to retreat from
plans to expand AMPS coverage via new repeaters
sited in Vung Tau and the Southern growth region.

The table below describes several companies
currently operating in urban mobile markets.

OPERATOR || ENTRY (Source) | INVESTMENT SERVICES SERVICE AREA
Call-Link 1991 (Singapore) 13 million AMPS (Ericsson) | HCMC

City-Net 1992 (Singapore) 3.2 million 2-way radio, CT2 | HCMC, Vung Tau:
VMS 1 1992 (Vietnam) 10 million GSM (Alcatel) Hanoi (4/1993)

VMS 11 1994(Vietnam) 13 million GSM (Ericsson) | HCMC region
VMS-CIV 1995 (Sweden) 350 million | GSM (Ericsson) | Hanoi, HCMC, Danang

3.2 RESOURCE ACCESS

Once in operation, the key tasks are to capture
market share and deliver quality services. While
the marketing practices of current operators are
relatively straightforward, the arena will heat up as
players gain experience, driving competition up,
and margins down. Over the near term, the capital
needed to meet rising demand will be a severe
constraint, as a recent digital mobile forecast for
the Ho Chi Minh City area indicates, in table 4 (8):

TABLE 4: PROJECTED INVESTMENT TO MEET HCMC-
AREA DEMAND FOR MOBILE TERMINALS, 1995-2010

end- | end- | 1996- | 2001-
1994 | 1995 | 2000 ( 2010

TERMINAL 5,000 | 15,000 | 85,000f 470,000
USERS

CUMULATIVE [jUS$10 | US$25| US$55( US$113
INVESTMENT | million | million million] million

Access to infrastructure will be another major
growth barrier. At present, operators with weak
linkages in Hanoi have difficulty obtaining access
to tower space, underground cabling, frequency
allocations, and other key resources, while those
with stronger connections find it less far difficult.

DGPT has allocated frequencies to more than forty
commercial applications. While its frequency
allocation practices follow international guidelines,
there are cases of unlicensed spectrum use which
the government has not until quite recently been
able to detect and enforce due to a lack of
sophisticated monitoring equipment. Various
military units, police agencies, and various units of
the Communist Party have acquired and continue
to control significant portions of the spectrum.

3.3 OPPORTUNITIES FOR SUPPLIERS

Even though the BCC legal mode for service
operations is prescribed, market entry remains an
open choice. The alternative approaches available
to a foreign equipment manufacturer include:

1. Offering specialized equipment to meet
needs in a specific market niche.

2. Joining another foreign supplier to offer
high value-added components to a total
national network solution.

3. Joining other foreign supfliers to offer a
total network solution, while committing
to local production and training.

4. Making a long-term commitment to
Vietnam's development, and putting a
portion of the necessary institutional
Jframework in place, as an integral
portion of its market development.

These modes differ significantly in terms of
commitment and scope for strategic long-term
development. The first option consists of little
more than trading, while the latter offers scope to
initiate activities with long-term value for both
parties. The primary sources of risk include (9):

1. Choice of local partner

Legal mode governing partnership
Adequacy and cost of financing
Appropriate frequency allocation

AR Wb

Permits, licenses, and other laws
6. Resolution of legal conflicts.

The key to planning is to identify the sources of
risk which are likely to occur, then to determine
whether they will have a critical effect on the
viability of a specific project (such as the AMPS-



based HCMC mobile telephone joint venture). One
useful technique for this type of strategic planning
is called scenario analysis.

4. SCENARIOS FOR POLICY ANALYSIS
Derived from the confluence of game theory and
computer simulation (10), scenario planning is a
useful technique for exploring interactions between
current choices and the future environments in
which those choices will have consequences. The
technique generates a set of likely contexts in
which plans can be developed and evaluated. The
modern scenario dates to the Manhattan project,
which used simulation techniques to estimate the
chance that the first nuclear explosion might
extinguish all life on our planet (11). The Rand
Corporation later developed scenario planning for
Pentagon use. SRI International adapted the
technique to corporate planning in the 1970s (12).
Current users include Royal Dutch Shell and other
transnational firms operating in turbulent contexts.

Forecasting is inappropriate when the future is
likely to be affected by trends that are not simply
extrapolations of the present, and events for which
there is no historical precedent (13). In dynamic
contexts, forecasting is useless for longitudinal
analysis. A scenario is "A hypothetical sequence
of events constructed for the purpose of focusing
attention on causal processes and decision points
(14)." It normally consists of a logically coherent
description of fundamentally different futures,
which ideally explains the dynamic interactions
between key elements from the present to the end
point of the scenario. By forcing consideration of
alternative futures, scenario planning allows policy
makers to make explicit their assumptions about
the future. Used to identify major opportunities,
threats, and uncertainties, the technique facilitates
learning at low real and opportunity costs.

4.1 STAKEHOLDER INVOLVEMENT

The first step is to identify those whose interests
may be affected either by the plan or by its
consequences. Direct stakeholders normally
include top management, key functional managers,
customers, and owners, stockholders, or other
sponsors. In network-based industries (such as
telecoms and transport), suppliers, labour leaders,
public officials, and indirectly, even competitors
are stakeholders in the structure of the industry.

The next step is to involve the stakeholders in the
planning process. Ideally, such involvement adds
more value to the planning process than cost. It

ERIC

IToxt Provided by ERI
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also can pave the path toward adoption of the
resulting plan. One way of achieving this is to ask
stakeholders to forecast the future environment.
Delphi and cross-impact techniques (15) attempt to
structure and formalise judgmental forecasting.
When used for cross-sectional analysis, they help
sort those key variables for which forecasts vary
around a central tendency from those for which
forecasts diverge. Because continuing divergence
reveals different assumptions regarding structure in
the future, it is the ideal base for scenario building.

4.2 BUILDING MULTIPLE SCENARIOS

Drafting a scenario requires special knowledge and
skills, plus cooperation between functional
specialists and external experts. The central and
most important step is to identify the key decisions
which are sensitive to environmental factors.
Participants then postulate future values (and
states) for these factors, which are then used to test
the viability of alternative strategies. As noted
above, Delphi techniques are an efficient way to
identify these critical scenario dimensions, and to
differentiate structural and parametric variables.

From potential decisions, the analysis path leads
outward to task-related decision factors (e.g.,
internal economic forces, constraints to technology
trade, demography, political developments, etc.)
that may affect the outcome of each decision. The
next level contains remote forces (e.g., the world
economy, changes in values and lifestyles, trade
blocs, etc.) that may determine the future values
and states of these forces and key decision factors.
The many permutations of interactions between
these values are reduced to a few contrasting, yet
plausible sets (16). These "scenario logics”
facilitate tests of the robustness of alternate
strategies under different assumptions about the
future. They focus on the interplay between
environmental forces and decision factors (17).
Thus, a useful scenario must represent those
dimensions of an alternative future which are
critical to the decisions actually at hand.

Usually, two to four scenario logics are enough to
highlight critical variables in the task environment.
For a wireless operator considering a major new
investment, key variables might include national
standards for telecommunications technology, laws
and regulations governing investments, and links
with potential joint venture partners. Factors in its
remote environment include growth in personal
incomes, national and regional policy governing
market access, new technologies, nationwide
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frequency allocations, factors influencing user
perceptions of service value, and performance,
cost, and access to regional, national, and global
telecommunications infrastructure. Three
dimensions, each with only two states, might
economically represent the critical institutional
scenario dimensions for the operator. As some
factors overlap, the draft set of scenarios might
include only the following four:

TABLE 6: FOUR SCENARIOS FOR 21ST CENTURY
TELECOMMUNICATIONS POLICY IN VIETNAM:

SCENARIO/ Munifi- .
Dimension: cence Stability Harmony
1. ASEAN, Inc: M+ S+ H+
2. CITIES FIRST: M+ S+ H-
3. ZERO-SUM: M- S+ H-
4. TROUBLED - . H-
WATERS: M S
M Munificence: resource availability vs. scarcity
(CAPITAL, SKILLS, TECHNOLOGY, SPECTRUM)
S Stability: absence of intense internal or regional
political or economic conflict, and
H Harmony: e.g., the balance between rural and

urban access and tariff policies and service needs.

These capture interaction among key structural
variables: in the example above, the normatively
healthy “ASEAN, Inc” scenario describes an open
policy regime in which stable yet balanced internal
and external relationships drive economic and
social development, in stark contrast to “Troubled
Waters.” A “Cities First” scenario describes a
situation where rural interests are unable to capture
needed resources, while the “Zero-Sum” scenario
portrays intense competion for scarce resources
(which describes the present context, but may not
accurately represent the future). Once fully
developed, these provide alternative contexts for
evaluating competing plans. Another technique
works back from critical variables (such as future
GDP per capita) toward scenario logics. For any
technique, the final set of scenarios should be (18):

1. Concerned with relatively long time

frames, _

2. Focused on a set of related choices,

3. Limited to environmental trends and
events,

4. Representative of the full range of
uncertainty,

5. Attuned to the current environment.
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Concerned with relatively long time frames:

It may take five to ten years to put in place major
new backbone telecommunications network or
wireless architecture for large organisations. The
normal payback period for such an investment
ranges from one to several decades.

Focused on a set of related choices: Planners
should focus scenario planning exercises on
choices with strong interaction effects. The task
environments supporting telecommunications
marketing activities are dissimilar to those which
support network maintenance. As interaction
between these systems is low, the key dimensions
of the relevant scenarios are likely to be different.
Unless integration of these two activities is a
strategic option, they are best treated separately.

Limited to environmental trends and events:

A scenario should focus on dynamic interactions
among external forces which influence operations.
One key design goal is to reveal interactions which
may lead to novel or uncertain outcomes. In the
1980s, interactions between Tokyo's high traffic
density and the character-based Japanese written
language led to investment in the development of
the modern facsimile machine, its rapid adoption in
that country, and the subsequent domination of the
world market by Japanese firms. Similarly,
rapidly improving data compression capabilities
may interact with increased miniaturisation to
replace the home telephone number with a radio-
linked personal access number for all individuals.
If this occurs, emergent demand for related new
products and services will influence the operations
of some organisations far more than others.

Representative of the full range of uncertainty:
Some events, like a new government, corporate
merger, or emergent technology, are essentially
multivalent. Other outcomes, varying like the tide
around a central tendency, are candidates for
sensitivity analysis. A plan which must succeed
must be viewed in the full range of future contexts,
not only those which seem most likely. Planners
must draft scenarios to reveal the consequences of
current choices in alternative future environments.

Attuned to the current environment: A scenario
is only the canvas for more elaborate treatment and
analysis to find the critical opportunities, threats,
and issues in each scenario, and to identify those
policies which will be the most robust in the more
likely outcomes. With such an understanding, the
focus of analysis can shift to the consequences of
present choices. Analysis is largely qualitative until
this final stage of the scenario planning process.

9
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5. FROM STRATEGY TO IMPLEMENTATION
Once the scenarios are complete, the focus shifts to
task-level decision factors that may affect the
outcome of key decisions. At each step, multiple
scenarios serve to highlight specific needs for
domain knowledge, define the boundaries for
analysis, and differentiate the critical variables.
For a wireless project, the steps might include:

1. Design and propose politically and
financially viable projects based on
tran_;/erring modern technology in a
legal structure to suit regulators.

2. Select a partner with strong political
and organizational assets, and steer the
relationship toward joint benefit.

3. Package both technical training and
management development with all
technology proposals.

4. Design systems and plan growth to
overcome inherent infrastructure
restrictions (e.g., electrical power, tower
space, underground cable).

5. Seek advisory and liaison services from
a strong local consultant prior to
preparing and submitting proposals to
potential partners or the government.

6. Structure relationships (to the extent
iossible) )/for the long term, even if many
ey contractual commitments or policy
issues are uncertain at the early stages.

A policymaker can acquire an understanding of the
challenges facing investors by examining each step
in the light of contrasting scenarios. Similarly,
potential investors can highlight issues which may
become more critical under some scenarios than
others. For example, if urban interests capture
scarce resources in a Cities First scenario, rural
interests must find incentives to attract investors,
and access to network infrastructure becomes
strategic. And under either ASEAN Inc or Cities
First scenarios, even investors who have operated
for several years without formal licenses may find
they lose the ability to expand their market scope.

6. CONCLUSIONS

Vietnam must address four main challenges in
building up its national information infrastructure
to compare with other ASEAN members: raising
sufficient capital, integrating the diverse equipment
types currently in use, reforming its excessively
complex and inefficient administrative processes,
and developing technical and management skills
(19). With plans to spend nearly US$3 billion over

the next five years, Vietnam faces stiff rivalry for
capital from other expanding Asian economies,
which will seek ten times this amount over the next
decade for telecommunications alone, and even
more to fill rising needs for transport, energy,
sanitation, and water treatment facilities (20).

In a fully evolved market, demand will far exceed
current capacity, and system integration will thus
become a critical success factor (21). Ten years
ago, the national network was fashioned from
obsolete Soviet and French gear. The current
inventory of digital switching equipment, largely
obtained through aid, is new but incompatible (22).

Officials claim telecoms deregulation is underway,
whlie foreign investors see a lack of mechanisms
such as a telecoms act as a critical gap (23). In
fact, the most critical issue is not the lack of laws,
but of monitoring and enforcement capacity.

Manpower to maintain the new national network is
critical for long-term development. This may be a
difficult task within the Vietnamese academic
tradition, which provides advanced training to a
small number of students through close supervision
by a senior faculty member (24). With 3,000 IT
professionals today, Vietnam hopes to add 20,000
by the end of this decade (25). According to some
observers, even this may not be enough.

By using scenario analysis to identify such critical
bottlenecks, then taking action to overcome them,
policymakers in Vietnam can smooth the path for
telecommunications investments. Investors can
also benefit from scenario analysis. Investment
always entails a certain degree of risk, particularly
in a poorly structured situation such as the wireless
market in a developing country with an emergent
commercial legal system. Using this technique,
preventive decisions and actions can be identified,
which if executed with care, will mitigate many of
the significant barriers to success the emerging
market for wireless services in Vietnam.

Wireless technology can facilitate Vietnam'’s leap
from its obsolete and inadequate network to a fully
modern digital infrastructure which provides high-
quality basic services to every village, and state-of-
the-art services to business subscribers in its cities.
While use of the scenario technique can illuminate
many of the barriers to this innovative leapfrog
approach to development, the government must
still formulate and implement the measures

-necessary to overcome these barriers to success.
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ABSTRACT

New technologies, combined with the imperatives of competition, privatization and deregulation are
creating a telecom industry where competition is the norm in all segments. Competition in domestic
markets began with terminal attachment, followed by information services and long distance. The “final
frontier” is the local network.

The local network was long considered to be.a natural monopoly, particularly when low-population density
and remote areas were included. This century-old paradigm is being challenged by the emergence of
alternative local networks. Alternative networks may be entirely new, or built on cable television or
wireless infrastructures. This paper focuses on identifying infrastructures that can support universal service,
on an analysis of universal service issues in an era of multiple local infrastructures, and provides a business
case model for small local telephone and cable television service providers (based on the Canadian
environment). The investment required for each to enter the other’s business, and. their comparative ability

to do so is investigated.

1. INFRASTRUCTURES TO
SUPPORT UNIVERSAL
SERVICE

Three possible infrastructures are considered as
having potential to provide universal service: the
telephone network, wireless networks and cable
television systems.! Local competition implies
that there could be multiple infrastructures.

Each of the telephone, wireless and cable
infrastructures were developed for specific needs,
using distinct technologies. In the context of
basic plain old telephone service (POTS), the
telephone network is the only one capable today
of meeting a universal service objective. With
expanding customer needs and rapidly changing
technology, what is considered to be basic is
changing. Networks other than the telephone
network (or working in combination with it)
may be more appropriate for a future universal
service model.
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1.1

TELEPHONE COMPANIES

To keep up with changing demand, and to
support business evolution, the telephone
companies (telcos) have continued to invest
heavily in infrastructure. Recently this has meant
evolving the networks to accommodate broadband
services. Broadband networks are expected to
provide new services such as Intemet access and
video dialtone. The investments are large and
speculative, and have virtually no impact on
basic phone service.

Capital spending on broadband is therefore only
really for new services. This raises the question
of whether reasonable costs can be maintained for
the average telephone subscriber, since new
services are speculative and revenue expectations
may be too high.
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1.2  WIRELESS NETWORKS:

Cellular phone service is now considered as
“basic”’ by many business users, particularly due
to the mobility afforded by the service. The
evolution of wireless, in particular “personal
communications services” (PCS), is leading
towards greater ubiquity and lower costs.

Although wireless services could not presently be
counted on to provide universal service, (Since
geographic coverage is normally much lower
than population covered), they should be
considered to be an integral part of a domestic
communications infrastructure. Wireless
technologies already play a role in the provision
of basic service where topographic conditions do
not lend themselves to the provision of cabled
infrastructure *

There are a number of considerations for wireless
technologies in the context of providing
universal service:

® (Cost - Even though costs have been
declining, wireless is more expensive than
POTS.

® Reliability - Public networks have not
typically been designed with the same
overall reliability objective that the land-line
networks have. The weak link may
ultimately be at the subscriber end, since a

wireless network cannot power  the
subscriber’s handset.

® Integration with POTS - Cellular has
traditionally operated its network “in
paralle]” with POTS. Cellular has its own
set of telephone numbers, uses different
backbone facilities, has a separate invoicing
system, etc. Full packaging with POTS
(including number portability) would
facilitate the wider use of wireless for basic
service.

1.3 CABLE TELEVISION

Cable television is universally available in a
number of countries. Cable companies (cablecos)
are in the process of making large investments in
infrastructure to keep up with technology
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changes and to ward off competition from direct-
to-home satellite services and from the telcos.

There are many barriers to entry for cable
companies considering entry into telecom
markets, for example:

® Technologies to provide telephone service on
coaxial cable are developing rapidly but are
not yet mature. Terminal equipment for
connecting. home phones to the cable
company drop wire is also currently quite
expensive, '

® (Cable companies bhave typically had a
relatively low investment per subscriber and
have been able to stage their investments. In
entering telecom businesses, however, the
cablecos will face large initial investments
in switches, fiber cables, etc., and,

® There are often regulatory barriers for cable

companies to enter the public switched local
services market. For example, cable
companies would have to be able to assign
local telephone-numbers, which are currently
controlled by the telcos. Removing
regulatory and technical barriers to entry
such as this is a long and complex process.

1.4 MULTIPLE
INFRASTRUCTURES

There are many possibilities for development of
alternative local infrastructures. There is not one
particular infrastructure that can provide all
services today. Telephone networks are suitable
for POTS, but require upgrading for broadband
and entertainment services. Cellular provides
mobility and the potential for basic POTS, but is
expensive and limited in its ability to address
broadband and entertainment services. Cable
television is broadband, but requires major
investments in order to offer telephone services.

2. UNIVERSAL SERVICE IN AN
ERA OF LOCAL
COMPETITION

Canada, for one, has been very successful in
ensuring a broad penetration of basic telephone
service in the traditional monopoly industry
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structure. The ITU shows Canada as having the
highest penetration of residential telephone lines
(about 37 per hundred population), ahead of the
US, the UK, Australia (all three approximately
30 per hundred) and Japan (approximately 25 per
hundred).’ The combination of existing universal
service policies, and the consumers’ desire for
telephone service, has served Canada well.

with the introduction of long distance
competition in 1992 (Telecom Decision CRTC
92-12), new entrants were built into the system
of cross-subsidy. Interexchange carriers and
resellers pay contribution to the telcos to offset
the cost of local access. This contribution is
intended to help ensure that the telcos continue to
be able to provide universal service.

The contribution mechanism, and policies to
support universal service, become more complex
issues in an environment of local competition. If
there is local competition, it is not clear which
carriers should be eligible to receive contribution
or how to deal with local-to-local contribution.

With expanding “basic” needs, there is also a risk
of subsidizing too broad a package of services.
Should new entrants receive contribution (on the
same basis as the incumbent telcos) or pay

contribution (to support local-to-local, and
business-to-residential subsidies)?

A way around the complexity is to unbundle
contribution and develop explicit subsidies. This
would avoid the possibility of market distortion,
and also ensure equability in the application of
the mechanism.

There are three groups which can be considered as
being the most in need of a universal service
policy. These are (1) populations in remote areas,
(2) low income households, and (3) the disabled™.
To address these, a universal service fund could
be created to which all carriers (including the
telcos) would contribute. Other explicit
mechanisms could be also be developed such as
tax breaks, some form of voucher for service,
lower lifeline rates, etc.

The notion that incumbent telcos have local
access costs that exceed revenues is common to
many places. In the UK, the British Telecom
(BT) accounts were divided into line rentals, local
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calls (i.e. account service revenue), national calls
and international calls. The UK “access deficit”
was based on costs for line rentals being below
revenues.

Competition was introduced in the UK on an
end-to-end basis, i.e. there was no distinction
made between local and long distance carriers.
The same dilemma as illustrated above, however,
existed due to BT’s “access deficit” to which new
entrants would be required to contribute. Oftel
(the British regulator), however, was authorized
to waive payments for new competitive domestic
traffic until 15% market share is reached’. Once
the competitors do reach 15%, the “problem”

will come back.

The value of the contribution waivers (as of mid-
1995) was about £150 million. The waivers
remain in effect until March 1996.

3. BUSINESS CASE STUDY
OF SMALL LOCAL SERVICE
PROVIDERS

Major telephone and cable companies have
announced large infrastructure investments to
support the evolution of consumer demand. This
creates pressure on smaller service providers to
consider making the same investments. This
section explores:

® The financial profile of small service
providers, based on a hypothetical example
community of 2,000 households called
Smallville,

® The cost of developments in infrastructure to
support the information highway in
Smallville,

® The potential for economies of scope in
Smallville if the telephone and cable
companies combine their investments.

3.1  SMALLVILLE TELEPHONE

AND SMALLVILLE CABLE

Smallville is assumed to be presently wired for
telephone and cable services. Based on typical
Canadian service penetration, Smallville would
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presently have 2,513 telephone lines (including
residential and business) and 1,594 cable
subscribers.

Basic residential phone service in Smallville
would cost $8.44 per month and business $24.36
(both -including touch tone). Consistent with
small communities, there is a relatively high
proportion of residential lines. The -weighted
average tariff per line per month is $11.63.

The total revenue per month per line for
Smallville Telephone would be $38.46 when pay
telephones, optional local services and access
charges for long distance are included.”

Basic cable television service costs $20.77 - per
month based on rates in typical small Canadian
cities. Smallville Cable is assumed to offer
extended basic and pay television, but not pay per
view. The total revenues per month, based on

typical penetration rates, would be $25.41 per
subscriber for 1,594 subscribers.

The pro forma income statements based on the
above assumptions are shown below (derived
from Annual Reports and other sources):

Smallville Telephone

% of sales Amount
Gross Revenues
- basic 33% § 381,981
- access to long distance 67% $ 777,898
Total gross revenues 100% $ 1,159,879
Expenses 59% $ 679,778
Openating Profit $ 480,100
Operating margin 41%
Depreciation 23% § 266,488
EBIT M 213,612
Profit margin 18.4%
Avg net fixed assets
per line M 1,619
RNFA
Avg net fixed assets § 4068404 5.3%

R

Smallville Cable

% of sales Amount
Ll‘oual gross revenues 100% § 485,959
Expenses 56% $ 273,407
Operating Profit M 212,551
Operating margin 44%
Depreciation 22% $ 105,621
EBIT $ - 106930
- Profit margin ’ 22.0%
Avg net fixed assets

per wired household §$ 229
per subscriber M 287 RNFA
Avg net fixed assets  § 458,206 23.3%

Several observations can be made:

® The Telephone Company is much larger
(over 4 times in revenue). This is due to its
ability to address business customers as well
as residential, and to the revenues received
for providing access facilitics for long
distance calls.

® The Cable Television Company is more
profitable (on a % basis).

® The Cable Television Company has much
lower net fixed assets (11% of the telco), and
is therefore much more profitable when
retum on net fixed assets (RENA) is
calculated (23% versus 5% for the telco).*

3.2 COSTOF
INFRASTRUCTURE FOR
THE INFORMATION
HIGHWAY

The information highway opens up new sources
of revenue for both the telco and the cableco.
Under a simple scenario Smallville Telephone
may choose to invest in the cable television and
interactive services markets and Smallville Cable
may choose to invest in the telephone and
interactive services markets. .

A summary of the investments required is shown
below for the case where each gains 15% share of
the other’s basic market. Investment costs are
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based on generalized information from vendors
and other sources™®. To keep the costs at a
reasonable absolute level, a number of
investments have been estimated as allocated
costs. For example, if the cable company
upgrades its coax plant to provide telephone and
interactive services, the upgraded plant would
also provide capabilities to support the basic
cable business. Costs are arbitrarily allocated on
the basis of 50% cable/telephone.

Smallville Telephone Investments
required for telco
to offer CATV
services
Video head-end $ 300,000
Fiber feeder (allocated) $ 141,000
Coax plant $ 962,000
Total start up $ 1,403,000
Cost per home passed $ 702
Per subscriber cost
Video server and switch $ 300 persub
Penetration of CATV 15%
Subscribers 300
Added costs $ 90,000
Totat $ 1,493,000
Cost per subscriber $ 4,977
Cost per household $ 747
Smallville Cable Investments
required for cableco
to offer POTS
services
Fiber feeder (allocated) $ 141,000
Coax upgrade (allocated) $ 354,000
POTS switch (allocated) $ 625,000
Total start up $ 1,120,000
Cost per home passed $ 560
Per subscriber costs
Subscriber interface $ 350 per sub
Switch line additions $ 200 per sub
Pentration of POTS 15%
Subscribers 300
Added costs $ 165,000
Totat $ 1,285,000
Cost per subscriber $ 4,283
Cost per household $ 643

The level of investment per subscriber for both
the telco and the cable company is very high.
Under the optimistic cost allocation model
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shown above, the telco investment would be
$1.49 million and the cableco investment of
$1.28 million.

If the cableco cannot share its POTS switching
costs, its investment would increase to almost $2
million. The cableco is also depending on
sharing its coax and fiber investments with basic
cable service. If basic cable service does not need
these investments, the total attributable to
telecom would rise to $2.4 million, 60% more
than the telco’s investment,

The relative size of the investment is much larger
for the cable company, Smallville Cable
currently only has $458,200 in net fixed assets
and needs to invest $1.28 million or more to
enter the telephone business. This would increase
its assets by almost 300%.

On the other hand, Smallville Telephone already
has $4 million in net fixed assets. Its investment
to enter the cable business would increase this
total by only 37%. The telephone company is
clearly in a better position to finance its
expansions into the cable company’s business,
even though the absolute value of the investment
is higher, and the economies of scope are lower.

It is important also to consider that the
technologies are all relatively immature, (making
any cost estimate somewhat speculative).

3.3 POTENTIAL FOR
ECONOMIES OF SCOPE IN
COMBINED
INFRASTRUCTURE

The potential for economies of scope in
combined infrastructure can be analyzed by
assuming that the telco uses the existing cableco
infrastructure or the cableco uses the existing
telco infrastructure.

If the telco uses the coax cable and the head-end
of Smallville Cable, its investment costs would
be reduced by 60%. If the cable company uses the
telco switch, its costs would be reduced by 49%.
Thus, based on this simple capital investment
scenario, there are benefits in combining
infrastructures in order to increase the possibility
of having a project with positive value.



On the other hand, the two companies would be
competing with each other and any lease or sale
of facilities to the other party would result in
lower revenues for the lessor/seller. On an
opportunity cost basis, therefore, both parties
would do calculations to arrive at the equivalent

~worth of the facilities, and attempt to charge the

other party accordingly.

All else being equal, the value (on an
opportunity cost basis) of sharing the facilities
can be assumed to be equivalent to having to
build them, and therefore the resultant value of

the project would not change. If the telco and
cableco decide to cooperate, there could be cost
benefits in combining infrastructures (although
this should be considered as collusion and anti-
competitive).

The information highway business case will be
difficult for both small telcos and cablecos. The
telcos’ potential advantage is that the incremental
investment is lower (relative to the size of their
existing assets) even though in absolute terms it
is higher.

The cablecos’ potential advantage is in being able
to make use their existing infrastructure to
support both cable and telecom services, as well
as new interactive services. Even though it may
be more difficult to finance, the cablecos have
greater potential for economies of scope with
their existing business.

4, CONCLUSIONS

e Universal service policies should be designed
to account for multiple infrastructures which
will be able to support basic service. Any

network operator capable of meeting
universal service obligations should be
ligibl . bsidies. if I .

e To avoid market distortion, any universal
service subsidy should be explicit and

unbundled. Local competition should
tevel : it is_viabl | b

subsidies make it appear to be viable.

°  Government policies and regulations should
not pre-judge where and how  local
competition will develop, New solutions

could stimulate competition in smaller areas
where “traditional” drivers are less present.

°© Many new services can be offered by

entrepreneurs. Safeguards may be required to
ensure that the telco is not able to offer itself

r deal” than rs would get.

¢ Inlarger centers, there will likely be at least
one competing information highway in
parallel with the telco information highway..

The unbundling of the telco network,
including addressing how contribution will

be dealt with in Jight of local ..
is_a critical jssue in (1) ensuring that
competition will be viable, (2) in creating
opportunities for innovation in networks and
services, and (3) ensuring that there is a level
playing field for the evaluyation of
. . ”. ; .: I

In countries where telephone penetration is
currently low and cable television is still
emergent, the above principles are even more
critical. Since telecom, wireless and cable
television infrastructures, hold out the potential
of providing universal/basic services, a policy
environment that stimulates choice and
competition should be put in place as networks
are built™,
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' There are other possible infrastructures. For
example, power companies have ubiquitous access
to residences and businesses. Also, satellites cover
most regions, but often earth station cost is
prohibitive for “conventional” telephone service.
These should be considered a possible longer-term
infrastructures for basic local service. A discussion
of alternative domestic infrastructures is found in
“Exploiting  Technological = Convergence to
Stimulate Telecommunications Infrastructure
Development”, Robert K. Yates & Johanne Lemay,
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+ statistics.

SR Telecom, for one, is a provider of fixed point-
to-multipoint microwave systems that support basic
telephone service. Its systems have been deployed
to serve mountainous or isolated areas and island
nations There are also satellite based wireless
telephone projects. Iridium (led by Motorola) and
others are expected to develop lower cost satellite
phone technologies providing world-wide “cellular”
service. These projects could have a positive impact
on availability of service, particularly in remote
areas.

® The Changing Role of Government in an Fra of
Telecom Deregulation, “Briefing Report No. 2:
Universal Service and Innovation: Fostering Linked
Goals through Regulatory Policy”, International
Telecommunication Union, Geneva, February 1994,
page 40.

" See for example Attachment A to paper by Andrew
Lipman, “A Paradigm for Universal Service in a
Pluralistic and Competitive Telecommunications
Environment“, Proceedings of PTC’'95, page 158.
These considerations are also echoed in The

ole v in_a 0

Telecom Deregulation, Interconnection: Regulatory
Issues, Report of the Fourth Regulatory Colloquium
held at ITU Headquarters, 19-21 April 1995, page
60.

¥ Telecommunications Reports International - July
22, 1994 v5, i15.

*' Revenue from providing access to long distance
was estimated by using rates from the Ontario
Telephone Association (OTA). The OTA is the
association of non-Bell Canada telcos in Ontario.

*® Note: Figures were derived using Canadian
It should be noted that many small
Canadian cable companies lease part of their
facilities from the telcos (coax cable, poles). This
has not been accounted for in the comparison.

*® See for example “Cable Television Competition
in Canada“, submitted by the Canadian Cable
Television Association as Evidence in the
Proceedings pursuant to Public Notice CRTC 94-
130. The Evidence includes an appendix on network
infrastructure costs and potential revenues
developed by LEMAY-YATES ASSOCIATES INC.,
January 1995.

 For example, this has been the approach in the
Philippines. See “Telephone and Cable Television
Convergence in the Philippines - Policy
Perspectives from a Developing Country*, A.A.
Rubio and Victor A. Banning, Proceedings of
PTC’95, January 1995, page 13.
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Telecommunications in Transition:
A Canadian Perspective
on Ownership and Other ey Issues

Meriel V.M. Bradford
Teleglobe Canada Inc.
Montreal, Canada

1. ABSTRACT

As the trend to privatization and deregulation in global telecommunications gathers momentum,
considerations such as ownership, interconnection and equivalent market access have become an issue
for carriers and governments throughout the Pacific. This paper will make the case that new ground
rules intended to resolve potentially thorny issues such as equivalent market access cannot be based
solely on the US experience. There are other valid models that must be taken into account.
Furthermore, everyone’s long-term interests will be best served by eschewing the traditional bilateral
approach in favour of more broadly-based regional and multilateral telecom arrangements, through
the likes of the World Trade Organization (WTO), the North American Free Trade Agreement (NAFTA)
and APEC (the proposed Asia-Pacific free-trade area).

2. BACKGROUND

It is said that the Chinese have a sophisticated
understanding of the turmoil which frequently
accompanies abrupt change: In their written
character symbol for “crisis”, they combine the
images of “danger” and “hidden opportunity”—
expressing a philosophy that change, though
perilous at times, also holds the promise of new
opportunities.

It would be somewhat of an overstatement to
imply that the telecommunications industry is in
serious crisis. However, with globalization, our
industry is undergoing sweeping changes—
changes that have compelled us to rethink many
of the basic precepts regarding ownership, traffic
handling, rate-setting and revenue-sharing that
have long governed the way we do things. So
we might do well to heed the wisdom of our
Chinese friends and bear in mind that the demise
of the old telecom world order—unsettling as it
might be in some regards—also provides the
opportunity to devise a new framework more
appropriate to the times.

The problem, as | see it, is essentially one of
transition. Some players are at different stages
than others in this transition to a new world
order. And some regions are at different
stages than others.

The process of market liberalization is well
advanced in countries such as the United States,
the United Kingdom and Canada, where
Teleglobe has recently helped expedite the
process by proposing that the facilities-based
intercontinental market be opened to competition.

The trend to liberalization in these national
markets has helped provide an impetus for
broader regional telecom agreements under the
auspices of NAFTA and the European Union.
And the major carriers from these regions—
AT&T, Sprint, MCl, BT, France Telecom and
Deutsche Bundespost among them-—have moved
swiftly to form global alliances that will enable
them to exploit opportunities arising from a new,
more-competitive regime.

Change is evident elsewhere as well. For instance,
quite a number of nations in the Asia-Pacific—
Australia, Indonesia, Japan, Malaysia, New Zealand,
the Philippines and Thailand, to name just a
few—now allow foreigners to hold at least a
minority interest in their telecommunications
carriers. And several leading Asian carriers, KDD
of Japan and Singapore Tel, have hooked up with
AT&T in the World Partners alliance.

Regions where the trend to liberalization generally
is not so advanced include Africa, Latin America
and the emerging economies of Asia—although



foreign carriers are attracted by the prospect of
at least a partial liberalization of the huge and
potentially lucrative Chinese market, already a
favourite of telecom equipment manufacturers
from the industrialized nations.

Just as there are different stages of transition, so
there are different views of precisely what form
the transition should take: For instance, many
jurisdictions favour allowing competition in cellular
and value-added services but not in basic telephone
service. Others advocate completely deregulated,
wide-open markets. Still others would demarcate
things by maintaining ownership restrictions on
infrastructure while encouraging competition at
the service-provider level.

Given the fact that telecom liberalization gained
its first real foothold in the domestic US market,
the experience here certainly is pertinent to any
comprehensive discussion of telecom competition
policy. However, | hope | won't offend our hosts
at PTC when | characterize as somewhat
parochial the typical American’s view of telecom
liberalization: To wit, their particular concept of
open markets is clearly the best. Hence, everyone
else in the world should emulate the US approach!

At any rate, these wide-ranging—often diametrically
opposed—points of view must be reconciled, or
at least taken into consideration, in any
regional or multilateral approach to telecom
liberalization.

There is no denying the growing interdependency
between trade and telecommunications. Both
the North American Free Trade Agreement and
the General Agreement on Trade in Services (GATS)
include detailed rules on telecommunications
services. For the moment, it's mostly value-added
services—i.e. electronic mail, voice mail, on-line
information and data-base retrieval, and
electronic data interchange (EDI}—that are bound
by these trade pacts. However, that will soon
change.

The European Union, for instance, is progressing
with its vision of a single intra-European telecom
market, beginning in January, 1998. There is
some scepticism as to whether or not EU
members will be able to work out all the details
within that time frame. Nevertheless they are
firmly committed to the idea of a unified regional
market. Similarly, NAFTA is working out what to
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do.in a semi-integrated North American market
that Canada hopes will eventually encompass Chile
and, doubtless, other parts of the Americas as well.

Last, but certainly not least in terms of potential
importance, APEC members have agreed to work
toward formation of a comprehensive, new free
trade area by the year 2020 that would dwarf
NAFTA in size. Both Canada and the US are
players in APEC, and will participate in this
market liberalization.

Needless to say, it will be quite a challenge for
APEC to manage the changes in telecommunications
in a manner that will keep it “in sync.” with other
regions and with the broader, multilateral WTO
forum as that evolves.

The World Trade Organization’s Negotiating Group
on Basic Telecom or “NGBT”—which now includes
more than 45 participants—is busy working to
extend GATS to basic telecom services. This group
is scheduled to complete its negotiations in April
of 1996.

The new reality confronting us is this:
Telecommunications policy can no longer be
the sole preserve of national regulators such
as the Canadian Radio-television and
Telecommunications Commission (CRTC) or the
US Federal Communications Commission (FCC).
Domestic economic policy makers and regula-
tors—whatever side of the Pacific they may be
situated on—are being left with fewer policy
options than ever before.

3. THE US STANCE

Nevertheless, in the midst of all these negotiations,
you have the key player—the United States—
going ahead and engaging in its own rule-making
exercise regarding foreign participation in the US
market for international telecommunications.

In February 1995, the FCC served notice of a
proposal to subject foreign-affiliated carriers
wishing to operate in the US market to a new
market-access equivalency test. Under the
proposed test, the FCC would determine whether
“effective market access (including access for
investment) exists or will exist in the near
future” for US carriers in facilities-based
international services in the primary markets of
the foreign carrier.

108



The FCC has wisely chosen not to follow the
path of protectionism, and to a great degree
decided against adopting this approach.
Instead, the FCC will require a demonstration of
effective competitive opportunities where a
foreign-affiliated applicant seeks to provide
service to a destination country in which it
controls a carrier possessing market power. If it
cannot demonstrate such opportunities—and at
this writing we have yet to see how this will play
out in practice— hen it would be barred from
serving that route on either a resale or facilities
basis. it would not, however, affect opportunities
to serve any non-affiliated route or a route on
which the applicant is not affiliated with the
dominant carrier. Thus the focus has shifted from
preventing discrimination where there is the
incentive and opportunity to do so, adopting
punitive measures in reaction to policies in
countries over which the applicant has no influence.

Major players in the US industry certainly seem
to embrace a rather self-serving concept of what
passes for market liberalization. Indeed, applica-
tions filed with the FCC this past August by our
US entity, Teleglobe USA, seeking international
resale authority have been strongly opposed by
AT&T and MCl in a clear attempt to protect their
home markets.

To my way of thinking, the sort of arbitrary
reciprocity requirements advocated by these
carriers in the US—particularly when applied on
a narrow, market-segment basis—are inappropriate,
given the range of conditions present among the
various countries of the world. The FCC was
correct in rejecting them in favour of a cleaner,
destination-specific application. Marked differ-
ences in market structures and regulatory
approach exist even between nations such as
Canada and the United States, which have quite
open regimes for telecommunications as well as
very closely integrated trade and investment
regimes under NAFTA.

There are many positive elements incorporated
in the US model. But that does not mean that the
US view of the telecom world, as articulated by
AT&T, should be regarded as the perfect
paradigm to be imposed lock, stock and barrel on
the rest of us.

Application by the FCC of the proposed new market-
access test could rightly be interpreted by foreign

.;!”
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carriers and governments as a “closing” of the
world’s largest single telecom market, thereby
undermining the progress that’s been made on
the telecommunications front through forums
such as GATS, the EU and NAFTA. Furthermore,
such action may violate the WTO'’s standstill
provision by increasing leverage in negotiations.

In rejecting this overly protectionist view, the US
has, in theory, opened its international markets to
carriers of virtually any nationality, limiting
opportunities only with respect to service to
closed markets in which the applicant has a
dominant foreign carrier affiliate. | would hope
that in those cases in which the FCC must
consider market openness abroad in ruling on an
entry application, it would take into consideration
the economic strength of the applicant relative to
US carriers were they to enter the applicant
carrier's home market, and the considerations
which lead to the chosen industry structure.
More importantly, | am eager to see the FCC
convert its words into actions by swiftly granting
applications filed by foreign- affiliated carriers
which meet its stated criteria, and not succumb
to the protests of incumbent carriers who wish to
preserve their enviable market shares.

Moreover, in assessing competitive opportunities
on affiliated routes, the FCC should apply its
standard in a manner that would recognize to
some extent the diversity of paths that various
other countries are taking toward liberalization of
their respective telecom markets.

The dangers of imposing a mirror reciprocity test
remain even in the narrower context adopted by
the FCC. The analysis which it proposes that the
world adopt must not be so confined as to
disregard the presence of mutually advantageous
market opportunities in the respective markets
and the full range of opportunities available to
American companies in the foreign market.

4, THE CANADIAN MODEL

That leads me to the situation of Canada, and the
unique Canadian telecom model, which has
succeeded in providing users with first-class
services at prices that are among the lowest in
the world.

Despite its relatively small population—fewer
than 30 million—and subsequent high infrastructure
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costs, Canada has more than 250 million
kilometres of telephone and data networks, as
well as a vast system of interconnected satellite,
cellular and mobile radio networks. Its CANARIE
(Canadian Network for the Advancement of
Research, Industry and Education) and CANTAT 3
fibre-optic facilities combine to form the longest
broadband network in the world!

Nearly 16 million access lines connect 99% of
Canadian households to basic telephone
service, which is provided by the nine regional
operating companies that comprise the Stentor
group. There are competing domestic long-
distance and national cellular networks, and
some 1,800 cable systems which make cable-TV
and related services potentially available to 95%
of Canadian homes.

The basic structure of the Canadian industry
differs from that of the United States in several
respects, most notably market segmentation.
Regional telephone companies provide local
services and—along with Unitel, fONOROLA and
more than 100 resellers—handle long-distance
traffic between Canada and the United States,
which accounts for about 75% of all international
traffic. Teleglobe, a private-sector enterprise,
serves as the wholesaler of facilities-based
overseas services, which are provided to end-
users by resellers and by those same companies
I just mentioned in relation to Canada-US traffic.

This is in marked contrast to the US where,
despite over one decade of competition, AT&T
continues to dominate the domestic and intemational
long-distance markets, including overseas.

Not surprisingly, the competitive situation of the
Canadian industry is affected to a considerable
degree by our proximity to the United States—
the world’s largest single telecommunications
market. Canadian businesses and consumers
expect the same variety and quality of services
that are available to their American counterparts,
and at comparable prices. And because the
Canadian and US long-distance networks have
been closely integrated for years, “bypass” traffic
routed to and, to a lesser extent, from Canada
via the US—although in conflict with Canada’s
Telecommunications Act 1993—has become a
fact of life. This practice persists despite
Teleglobe’s so-called “exclusive” mandate on
infrastructure for overseas calls.
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With these unique competitive pressures, the
Canadian telecommunications market—in both
theory and practice—is among the most open in
the world to foreign participation. Since 1992, for
instance, when facilities-based competition was
introduced in domestic long-distance, US carriers
such as AT&T and Sprint have taken substantial
equity positions in Canadian long-distance
service-providers. Unlike the situation in the
United States, resellers and providers of international
simple resale do not need a licence to enter the
Canadian market, nor are they restricted in any
way in terms of ownership.

My own company has responded to this
pressure-cooker atmosphere by becoming more
productive and by focusing resolutely on
customer service and market needs.

A measure of our success in this regard was
reflected in a 1995 headline in The Economist.
The prestigious British magazine noted that
Canada’s international rates are among the
lowest in the world. Indeed, Teleglobe has
reduced Canadian overseas rates by almost 50%
overall since the late 1980s, and we are working
hard to continue this downward trend.

I've already alluded to the fact that Teleglobe is
unique in providing only wholesale, facilities-
based services. We do not offer any end-user or
retail services. At home, as abroad, the domestic
carriers handle marketing and end-user billing.

I should note, as well, that—in contrast to US
practices—Teleglobe extends the concept of
proportionai return to resellers as well as facilities-
based carriers.

It is against this backdrop that the Canadian
government now finds itself wrestling with the
issue of how to structure the framework for the'
Canadian international market, including the
issue of Teleglobe’s exclusive mandate to provide
facilities for intercontinental services.

For its part, Teleglobe announced in November—
to the surprise of many in the industry—that it
will not seek renewal of this exclusive mandate,
which is set to expire in April, 1997. In a submis-
sion to the Canadian government, Teleglobe
instead proposed the establishment of a
"sustainable competitive environment” for
Canadian overseas telecommunications, which

110



would entail opening the facilities-based
intercontinental market to competition.

Teleglobe stressed that the need for a competitive
policy framework is urgent and it outlined for the
government the transitiona! terms and conditions
under which competition should be introduced.

For instance, as a precondition to the licensing
of Canadian entities affiliated with US carriers
(for overseas facilities-based services in Canada),
Teleglobe said Ottawa should ensure that
Canadian service providers are afforded US
market-entry opportunities “broadly equivalent”
to those available to US companies in Canada. k
urged the Canadian government to initiate
negotiations with the United States to develop a
bilateral regulatory agreement that would
establish fair-market access and expedite the
licensing of Canadian-affiliated service providers
in the US market. And it contended that, until a
rules-based integrated market is established
(possibly through WTO negotiations), the
current policy regarding bypass of Canadian
facilities must be maintained and enforced.

Teleglobe also is cognizant of the need to take
the next step and move to a liberalization and
restructuring of the entire North American market
for intercontinental telecom services. In this
regard, it has asked the Canadian government to
gain the necessary market access and binding
rules, through the WTO. Another forum would
be formal negotiations with the United States,
Mexico and—eventually—Chile that would lead
to a deepening of the telecom chapter of NAFTA
to include basic international telecommunications
services.

As well, we’d like to see a liberalization of the
foreign-ownership rules which apply to Teleglobe
specifically and to the Canadian industry in general.
Currently, non-residents are prohibited from owning
or controlling more than 20% of the voting shares of
Teleglobe—a rule that applies to all Canadian
carriers. And foreign telecom carriers are not
permitted to hold any voting shares in Teleglobe.
Foreign telcos may, however, invest in Canadian
domestic carriers, subject to limits of 20% direct
ownership and 33 1/3% indirect. At the time of
writing, AT&T appears to be testing those limits
by seeking to increase its stake in Unitel, as part of a .
corporate restructuring that has yet to be approved.

Teleglobe’s recent submission to Ottawa
recommends that the foreign ownership .
ceiling, including that applied to foreign telecom
carriers, be raised to 49%. This would maximize
potential for the formation of foreign alliances
and for infusions of capital from outside Canada,
without relinquishing Canadian control.

These are some of the key questions we’d like to
see addressed on the Canadian domestic front.
We don‘t yet have all the answers. And there
most assuredly will be widespread participation
in this debate about what is the best approach for
Canada to take regarding a new policy framework
for telecommunications appropriate for the 21st
century.

The outcome of this discourse should be of
considerable interest to others in the Asia-Pacific
sphere, who would benefit from acceptance of
the view—however reluctantly by Washington—
that there is more than one way to skin a cat, or
to legitimately achieve liberalization in telecom.

5. A MULTILATERAL APPROACH

Although NAFTA and the WTO are understandably
top-of-mind at the moment in terms of Canada’s
telecommunications trade initiatives, Canadians
want to be full participants in the dialogue within
the Asia-Pacific region. I'm a firm believer that
the more we immerse ourselves in other, broader
areas of growth, such as the Asia-Pacific, the
better off we’ll be— both as a country and, from
Teleglobe’s perspective, as a corporation. The
more points of possible interconnection there
are, the better it is for Teleglobe. For that matter,
the entire international telecom industry as well
as end-users stand to benefit from progressive,
widespread liberalization.

So rather than pursuing myriad bilateral
agreements on international value-added
network services (IVANS), as AT&T is wont to do,
why not devote our energies to extending such
pacts to make them regional and multilateral in
nature?

When we do sit down to negotiate regional or
multilateral arrangements, the focus should be
on areas that are really key in terms of making
the much-ballyhooed global information highway
a reality. I'm thinking now not just about
ownership but also about interconnection and



other aspects of liberalization, such as mutual
recognition of licences, non-discrimatory.
accounting rates, as well as the establishment of
competition rules that would be fair to and
binding on all parties.

Obviously, there has to be some sort of regulatory
oversight covering both pre-entry and post-entry
market scenarios. But the rules must be
transparent and equitable. Forbearance from
regulation in competitive markets, too, should be
an integral element of regional and multilateral
telecom arrangements. We must avoid needless
regulations.

What's more, we should not get too hung up on
the facilities side of things when we talk about
the need for telecom liberalization. Given the
current trend toward a global infrastructure
controlled by a relatively small number of
players, itis in the provision of services that we
may see the meaningful competition developing.
Telecom trade pacts should reflect this eventuality
as well.

At this point, | feel obliged to add a cautionary
note by pointing to the potential for tension
between the regional and multilateral approaches
I've endorsed. And, for most countries of the
Asia-Pacific region, a successful conclusion to the
WTO telecom talks with as many signatories as
possible endorsing the resulting agreement
would represent an important step forward.

The WTO basic-services agreement must be truly
multilateral in nature, must extend most-
favoured-nation status to its signatories and
contain specific provisions covering such key
issues as investment, trade in services, and
dispute resolution among others.

To sum up then, it has become increasingly clear
that in the 21st century economy there will be
only two real choices—increasing openness and
liberalization, or increasing isolation. The
question we all must face is how best to bring
about a true liberalization of the telecommunications
market.

| believe this goal can best be achieved by means
of a multilateral approach to telecom policy-
making—through regional groups such as
NAFTA, APEC, the EU and, ultimately, on a global
level through the WTO.

Having spent a considerable portion of my career
as a trade negotiator, I'm well aware of the
difficulties entailed in fashioning a consensus
from so many varied and disparate views.
Still, I'm confident that it can, indeed, be
accomplished.

Bear in mind, however, that we are dealing here
with a very fast-moving and fluid situation.
Major developments are anticipated on several
telecom-liberalization fronts in the weeks and
months ahead.

PTC delegates should keep an eye on the
progress of such pivotal proceedings as the WTO
talks, the possible enhancement of NAFTA, APEC
trade liberalization, the outcome of the FCC's

deliberations on foreign participation in the US

market and the debates in Congress regarding
the pending US Telecommunications Act.

Stay tunedl
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ABSTRACT

INTELSAT is finally committed to a review of its mission and the development of options
for its future restructuring. This process reflects its perceived need to reassess its
ongoing identity in the face of the sea changes in technology, regulation and the
structure of global telecommunications markets. The world now awaits INTELSAT’s final

analysis,

to be conducted over the next year,

before the recreated dominant

international satellite system re-emerges in its new configuration. This paper
describes INTELSAT’s deliberations to date, evaluates its proposed .solutions and
concludes that INTELSAT is headed in the wrong direction which will further undermine
the establishment of a competitive level playing field.

INTRODUCTION

The International Telecommunications
Satellite Organization (“INTELSAT”) was
created in the 1960s as the realization
of President John F. Kennedy’s global
communications vision. President
Kennedy’s goal was to establish the
first globally ubiquitous
telecommunications infrastructure to
provide universal, international
telecom service. On one level, this has
been achieved. Today, INTELSAT
successfully operates the ‘world’s
largest satellite system with 25 in-
orbit satellites, controlled by its 137
member nations, carrying in excess of
150,000 simultaneous public switched
voice and data circuits to more than 170
nations and territories.

Beginning in the early 1970s, with the
adoption of competitive entry policies
for equipment providers, we have
witnessed the erosion of the monopoly
utility theory and the marketplace it
fostered. By the late 1970s/early
1980s, competitive provision of long
distance and international services had
begun to be accepted and alternative
domestic and international satellite

systems were authorized. By the 1990s
value-added and long distance and
international service competition had

become commonplace and even competitive
local exchange services providers began
operation. Developed and developing
nations around the world first
commercialized their state PTITs
(establishing state-owned,independent
operators) then privatized these PITs
(selling controlling equity shares to
either the general public, foreign
private operating companies or both) and
authorized additional private
competitive telecom service companies.
Today over 60% of INTELSAT’s “ownership”
is held by private telecommunications
companies.

The result for telecom generally--a
diverse range of both telecom equipment
and services at steadily decreasing
prices. And with this policy/regulatory
liberalization has come visions for
national and global information
infrastructure development (the
NIL/GII). Nonetheless, the INTELSAT,
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Treaty remains unaltered and the
Organization has continued as the
dominant international satellite
institution operating under an
intergovernmental treaty. Not

surprisingly, over the past few years
there has been an increasing call for the
restructuring and privatization of

INTELSAT, with even INTELSAT itself
undertaking a concerted effort to study
and perhaps transform itself in step
with the fundamental metamorphosis of
the industry.

In view of the profound developments in
both the technologies and economic
theories underlying the market for
satellite services, the very existence
of a global intergovernmental treaty
satellite organization is a historical
anachronism. Moreover, it is
counterproductive and antithetical to
the achievement of a genuinely universal
GII. Treaty INTELSAT should be
terminated and in its stead, should be
created multiple privately-owned global
satellite systems vigorously competing
both with each other and with other
satellite systems and terrestrial
alternatives, in order to provide the
widest range of diverse telecom services
at the lowest cost to the broadest number
of users. The alternatives of creating a
corporate subsidiary or a single
“private” operator will both lead to
greater opportunities for
anticompetitive behavior and are not in
the public interest. '

The continuing failure of PTTs and
monopoly private operators alike to meet
the communications requirements of the
vast majority of the world’s citizens
means that most people have never even
used a phone. Satellite-based services
hold the promise of achieving ubiquitous
and truly wuniversal services, and
INTELSAT holds the key to realizing this
promise.
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BACKGROUND

The birth of INTELSAT coincided with the
advent of the cold war, at a time when
state-owned monopoly telegraph and
telephone operators were the norm and
international telecommunications
services were severely limited and very
expensive. To ensure the success of

INTELSAT, it was granted a virtual
monopoly over the almost sci-fi space-
based telecom services, and - the
Organization was imbued with
unprecedented privileges and
immunities. That was then and this is
now.

Today, satellite communications is not
only a proven successful technology, but
it has become a commonplace fixture for
both public and private interaction. Not
only does it provide the infrastructure
for global voice and data transmissions,
but it is now widely available for
Direct-To-Home video services. In the
same time frame telecommunications
services, generally, have gone from the
province of predominantly state-owned
monopoly entities to a market-dominated
by private competitive operators
providing an increasing variety of
market (consumer) driven services at
ever lower prices. The Cold War is over,
and the capitalist western ideology is
king. The geoeconomic market has
triumphed over geopolitics. '

In the face of our brave new world order,
INTELSAT has become an anomaly --a
government sponsored and protected
commercial entity enshrined with unique
status and increasingly burdensome
bureaucratic operational structures.
What’s a body to do? Rebel, of course,

and recreate itself to meet the
requirements of today’s radically
transformed market and consumer

landscape.
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INTELSAT RESTRUCTURING PROPOSALS

At its Nineteenth Assembly of Parties
meeting in November, 1994, INTELSAT
established a Working Party whose stated
purpose was to “continue the analysis of
the mission of INTELSAT and development
of options for INTELSAT’s future with
the primary objective of reaching
specific recommendations for the future
structure of INTELSAT.”!

From December, 1994 to June, 1995 the
INTELSAT Working Party (WP) met six
times, reviewed more than fifty document
submissions and produced a report to the
August, 1995 meeting of the Assembly of
Parties (AP). The WP also had the support
of an outside consultant, NM Rothschild
and Sons, Ltd., of London, and the
results of an in-depth questionnaire
responded to by INTELSAT Parties,
Signatories and Investing Users which
covered issues regarding the long-term,
future structure of INTELSAT.

The WP considered a wide variety of
restructuring options ranging from
minor changes (e.g., multiple national
Signatories and de-linking investment
from system |use) to full-scale
privatization of INTELSAT (e.g.,as a
single entity or multiple entities). The
WP agreed by “consensus” that the most
promising future INTELSAT structure
would be the “commercial subsidiary”
model which might be formed, perhaps
without change to either of the INTELSAT
Agreements, providing the continuation
“of INTELSAT in its current form while
allowing for the formation. of a
commercial subsidiary/affiliate
(INTELSAT S/A). '

The maih features of the commercial
subsidiary/affiliate (S/A) option are
as follows:

e INTELSAT is uncﬁanged - including the -

inter-governmental Treaty and Board
structure. It builds capacity and/or

leases capacity from the subsidiary
and/or external sources in order to
provide “Reserved Services” (e.g.,
IPSN); the subsidiary is excluded
from providing space segment
capacity for such “Reserved
Services” other than to the parent
under a Service Agreement but is free
to pursue opportunities for sale of
space segment capacity for other uses
outside of “Reserved Services”;

e although INTELSAT owns 100% of the

subsidiary when it is established,
the launching of satellites by the
subsidiary is funded by external
investors in the subsidiary who
dilute INTELSAT’s share of the
subsidiary and provide funds to repay
any start-up costs (INTELSAT may
eventually have no financial
interest in the subsidiary);

e to the extent that new satellites are

launched by the subsidiary rather
than by the Parent, Signatories are
relieved of mandatory investment
obligations; this role is assumed
instead by lenders and by the

external investors in the
subsidiary, who could, of course,
include Signatories (INTELSAT

. investors would have a priority right
but no obligation to invest in the
subsidiary);

e a Golden Share in the subsidiary,
which INTELSAT owns and controls
indefinitely and irrespective of
further funding of the subsidiary,
prevents changes to key statutes of
the subsidiary without INTELSAT
approval.

Nonetheless, the WP also agreed that no
definitive decisions could be taken with
regard to recommending implementation
of this option until the precise details
of such an option were .more fully
developed and subject to exhaustive
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study. Therefore this option is to be
given the “highest priority” for future
study by the next incarnation of the WP,
while allowing for consideration of the
other options.

The Twentieth Assembly of Parties (AP-
20) met in Copenhagen, Denmark, August

22-25, 1995 to review the report and
recommendations of the WP. The Assembly
narrowed the list of options from six to
one (the INTELSAT S/A approach), decided
to reconvene the WP for another year and
instructed it to make final specific
recommendations to the next AP,
scheduled for April, 1997. The new WP is
entitled “INTELSAT 2000 Working Party”
(“IWP”) and has the following schedule:
First Meeting (October 12-13, 1995);
Second Meeting (December 13-15, 1995);
Third Meeting (April 10-12, 1996);
Fourth Meeting (June 12-14, 1996); Fifth
Meeting (September 18-20, 1996); and
Sixth Meeting (December 11-13, 1996).

The efforts of the various INTELSAT
Working Parties have been based on a
series of assumptions regarding both the
future of the international satellite
communications market, INTELSAT’s
market and the likely success of various
Options considered by the INTELSAT
consultant. The WP was provided with a
set of assumptions -- often presented as
conclusions based on some scientific
management process -- about the future
of the satellite communications
marketplace which led the WP inevitably
toward a seemingly suitable Option for
restructuring INTELSAT. To the extent
that these assumptions are flawed at any
point, so too are the subsequent market
assessments and, more importantly, the
appropriateness of any given Option.
Let us make our visit.

TO RESTRUCTURE OR NOT TO RESTRUCTURE: IS
THERE A QUESTION?

Although to the casual observer it may
seem obvious that a reformation of
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INTELSAT is long overdue -- if for no
other reason than to bring it in line
with the transformed telecommunications
landscape of the 1990s and beyond --
nevertheless, the question remains: How
far, how fast and by what means? While
the increasingly robust competitive
marketplace in which it finds itself
would suggest that nothing short of a
full-blown privatization and
divestiture (including the termination
of its intergovernmental Treaty status)
will suffice, INTELSAT is hell bent on
keeping the Treaty and creating an
affiliate/subsidiary (INTELSAT S/A) to
conduct its “competitive” ventures. z

The merits of this more moderate
transformation aside (the final section
of this paper analyses this issue),
INTELSAT faces a daunting procedural
legal hurdle to establishing the S/A.
Simply stated, the issue is whether

INTELSAT can undertake this
restructuring without amending the
Treaty. This question is critical

because it appears that the INTELSAT
Treaty amendment process is cumbersome
and likely to fail. Article XVII of the
Treaty provides a mechanism for amending
the Treaty which requires Signatories to
ratify an amendment within eighteen
months of its approval by the Assembly of
Parties. INTELSAT’s Management has
already concluded that this time
limitation effectively precludes the
use of the amendment process. The
Inmarsat Treaty land mobile amendments
have been pending for six years, since
their adoption by the Inmarsat Assembly
of Parties (Inmarsat does not have
similar time limitation in its Treaty)
with no end in sight. INTELSAT tried to
avoid this dead end by proposing to amend
its Treaty’s amendment procedure but has
not received the necessary
ratification’s.

So INTELSAT came up with a clever scheme

to circumvent this requirement
altogether.’ It set about to “prove” that
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it has no alternative means to fulfill
its primary mission except through the
creation of the INTELSAT S/A. Presto,
it’s legal without the need to ratify an
amendment! Using a respected, though
arcane, treaty interpretation known as
the “teleological approach” INTELSAT’s

Management hopes to gloss over the
Treaty’s requirements for amendments
and thereby declare that anything goes.
The teleological approach to treaty

interpretation (as opposed to the
textual approach, historieal
interpretation and the subjective
approach) emphasizes the object and
purpose of the organization when
interpreting its treaty. Under this
theory an interpretation which is

necessitated in order to achieve the
object and purpose of a treaty is
preferred. The INTELSAT Treaty states
that the “prime objective” of INTELSAT
is:

{Tlhe provision, on a commercial
basis, of the space segment
required for international public
telecommunications services of
high quality and reliability to be
available on a nondiscriminatory
basis to all areas of the world.

Article III (a)

The “express powers” of an international
organization are those specified in its
constituent treaty. INTELSAT has no
express power to create the INTELSAT
S/A. Therefore, we turn to “implied
powers,” those which may be reasonably
deduced from the purposes and functions
of the organization. INTELSAT’s
Management has orchestrated a campaign
intended to demonstrate that INTELSAT
has no alternative means to fulfill its
primary mission except through the
creation of an INTELSAT S/A. INTELSAT’s
outside legal counsel summarized the
issue as follows:
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The critical legal issue thus turns
on the critical commercial issue.
If INTELSAT, as presently
organized, can continue to achieve
the objectives of Article III, its
competence to pursue a commercial

subsidiary approach can be
questioned sharply. However, if
organizational change is

‘necessary’ to achieve the ‘prime
objective’ of Article III,
opposition arguments have far less
sting....It should be recognized,
however, that the restructuring
plan is considerably removed from
INTELSAT’s original functions as

envisioned by the Agreement,
requiring an objective and
considered review of long-term

viability essential to the exercise
of implied powers."

Thus, the 1legal issue -- whether
INTELSAT can properly create a corporate

affiliate to handle its competitive
services -- turns on the question of
INTELSAT’s continuing commercial
viability. To address this issue,

INTELSAT hired a financial advisor, NM
Rothschild and Sons, Ltd., last year to
aid the previous Working Party
(Rothschild has since been re-hired to
assist the current Working Party, and
EDS/A.T. Rearney has been hired as a
market advisor, in part to confirm
Rothschild’s previous findings). As
expected, Rothschild found that
INTELSAT’s current organization is
fatally flawed and will 1lead to
INTELSAT’s demise early next century.
These conclusions were the result of a
two part assessment by Rothschild: a
questionnaire sent to INTELSAT Parties,
Signatories and Investing Users and
independent market research. Despite
the fact that only 39% of INTELSAT member

countries responded to the
questionnaire at all and all three
groups (the responding Parties,

Signatories and Users) were “uniformly
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satisfied with INTELSAT”, Rothschild
concluded that “market share loss would
eventually more than outweigh growth in
the total market.’

and the
results are

Although the questionnaire
reports analyzing its

sizable, a brief critique follows in the
next section. As discussed below, the
errors in the methodology and
conclusions are legion and cannot fairly
be used to demonstrate that INTELSAT can
no longer achieve its prime objective.

CRITIQUE OF INTELSAT’S ANALYSIS OF THE

FUTURE INTERNATIONAL SATELLITE
MARKETPLACE
e Calculation of INTELSAT’S Market.

Rothschild’s INTELSAT market share
calculation is designed to *“prove”
that INTELSAT’s share will decline.

The market share calculation is
constructed in the following
fashion: the overall size of the

market and the level of INTELSAT
competitors’ traffic grow at
predetermined rates (e.g., 12% and
15% per year, respectively). The
difference between the size of the
global market and the competitors’
traffic share becomes INTELSAT’s
“market share”. So long as the rate
of overall market growth is lower
than the rate of the INTELSAT
competitors’ growth (as it is in all
scenarios considered by Rothschild)
the INTELSAT market share is, by
definition, forced to shrink each
year.

e INTELSAT'’s Market Share for Existing
Services Approaches Zero. Using the
calculation methods outlined above,
it is easy to “prove” that all
INTELSAT existing services decline
to less than 1% by the year 2024. This
“fact” is driven, as noted above, by
the assumption that INTELSAT
competitors can grow their market
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share faster than the total market
expands over an entire 30-year
period. While it is possible to draw
such a conclusion during the
competitors’ early stages of
development and market penetration
when each new customer represents a

significant increase in traffic, it
is far more logical to assume that
competitors’ market share levels off
as they mature. This would reflect
the experience in the United States
where initial double-digit market
growth for AT&T’s long distance
competitors, e.g., MCI and Sprint,
has since slowed and leveled off.

e Need to Test Other Market Sensitivity
Assumptions. Contrary to the
assumptions put forward by the
consultant, if one tests the market
so that the competitors to INTELSAT
grow slower than the total market,
the results are reversed and INTELSAT
becomes larger. Equally, if INTELSAT
grows at a fixed rate (e.g., 10%) and
competitors receive the residual
traffic, absolute declines in
INTELSAT traffic never happen and
its market share declines much more
slowly than in the consultant’s
scenarios.

Such an outcome is consistent with the
1994 INTELSAT Strategic Plan (BG-101l-
34) which addresses in considerable
detail INTELSAT’s “Business tactics
[which] serve to position INTELSAT to
respond competitively and profitably to
market growth opportunities and to
minimize real or perceived competitive
weaknesses. Many of these actions are
reinforced by the 1994 Management
Incentive Program.” This business plan
is borne out by financial forecasts
which illustrate INTELSAT gross
revenues growing from $705 million in
1994 to $1,279 billion in the year 2002.
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Regarding Competitors
Most of the assumptions
regarding INTELSAT’ s presumed
inability to compete against
private-sector competitors
chosen to overlook relative asset
strength. The World Satellite
Directory indicates that by 1997

INTELSAT will have between 1281 and
1683 transponders (36 MHz
equivalent) while private
competitors will have only between
192 and 288 transponders. These
numbers are borne out by Euroconsult
which indicates that by 1998 INTELSAT
will have 40% of all worldwide
transponder capacity while private
competitors will have but 5%.
Indeed, it is difficult to construct
a scenario, based on transponder
capacity, which even partially
supports the consultant’s forecast
of mid-term market demise . for
INTELSAT.

¢ Assumptions
Growth.

Moreover, it is clear that INTELSAT has
sufficient capacity to grow. For
whereas the consultant depicts INTELSAT
as currently operating at approximately
90% to 95% of system capacity, INTELSAT
itself (BG-101-34) notes its intent to
gradually increase its system capacity
from 61% to 65% over the next five years
and 70% over the longer term. INTELSAT’s
Management has made ‘no attempt to
reconcile the radical difference in
these loading figures. Can this be an
oversight?

e Assumption of INTELSAT Inaction. The
assumptions about a decline in
INTELSAT market share are further put
at risk by the related assumption
that INTELSAT is unable or unwilling
to react effectively in the face of
substantial market inroads made by
competitors. This assumption. is

. wrong for two reasons. First,
INTELSAT has already repriced

have-
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services in response to competitive
pressures in many existing market
segments. Second, INTELSAT inaction is
inconsistent with INTELSAT plans. The
INTELSAT 1994 Annual Report describes
INTELSAT’s plans to launch 14 state-of-
the-art satellites over the following 3
years, each satellite will have an

expanded capacity over current
facilities and carry a life expectancy
of about 18 years. These satellites thus
would last until 2010 - 2015, well into
the decline of INTELSAT’s demand in the
consultant’s scenarios, and contradict
the assumption that INTELSAT cannot or
will not react or that INTELSAT has lost

its ability to confront market
challenges.
e INTELSAT: Tiger or. Pussycat? As

noted above, the consultant has
presented a picture of an INTELSAT
that cannot respond to market
challenges and that permits its
market share to erode to less than 1%
by 2024. On the other hand, the
consultant . concludes that an
INTELSAT subsidiary will be able to
penetrate new market services and
capture at least 257 of these new
markets over the same period of time.
It is not entirely clear what would
turn current INTELSAT into such a
weakling while its  subsidiary
becomes an overnight Goliath.

¢ Quantitative
there were

Response. Although
77 replies to the
. Questionnaire, representing 81% of

traffic, the majority of INTELSAT

member countries did not participate
in the Questionnaire. Most of the
countries that did not respond are
smaller nations dependent upon

INTELSAT for “lifeline” service.

Failure to receive specific views

from these “lifeline” users may well

have distorted the consultant’s
subsequent interpretation of the
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Questionnaires’ “conclusions” and
led to results that do not take into
consideration the needs of
developing countries and smaller
users. Moreover, the responses to
specific questions were dealt with by
only a fraction ©of the total
respondents. For instance,
questions about international video

traffic had only 21 respondents.
Yet, based on this modest response
the consultant concluded that
INTELSAT’s share of video traffic
would decline from 66% in 1995 to less
than 1% by 2024.

CONCLUSION

INTELSAT’S 1994 Working Party
considered nine Options for the future
of INTELSAT. The 1995-96 Working Party
is now focused on refining one Option --
INTELSAT S/A. While even this task
entails considerable effort,
example, defining the respective market
segments to be served by “parent
INTELSAT” and “INTELSAT S/A”, finding a
suitable national jurisdiction for
INTELSAT S/A’s incorporation, and
developing transition arrangements, the

exercise appears to be seriously
misdirected. The underlying market
analysis discussed above 1is often

inadequate, the results skewed and the
conclusions unsupported by the facts.

Although the proposed reconstituted
dual- headed INTELSAT would no doubt
give the organization greater
flexibility, it is precisely this

advantage which would serve to further
undermine competitive alternatives. A
particular danger poised by this
paradigm is the spectre of INTELSAT
leveraging its current de  jure
privileged status into a continued de
facto dominance for the INTELSAT S/A. It
provides the opportunity to engage in a
sort of shell game, shifting costs,
market power and privileged market
access arrangements under the guise of
creating a private competitive entity.

for-
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What the world needs now is better, lower
cost truly universal telecommunications
services not a renewed Treaty INTELSAT.
But institutions, particularly
government bureaucracies and monopoly

commercial entities are - self-
perpetuating and rarely (if ever)
voluntarily permit their dissolution.

Only an outside force can bring this
about and the INTELSAT Assembly of
Parties guided Dby the INTELSAT
Management unfortunately appears to
lack the requisite will.

Postscript: AModest Proposal

All hope is, of course, not lost. Not
yet. The current WP has a full year to
offer its vision for INTELSAT’s future.
Although barely discussed in the Working
Party’s previous incarnation, there was
a proposal (Options 3A and 3B) to fully
privatize INTELSAT. The proposal took
two forms: Privatize as a single entity
or privatize as multiple entities.
Therefore, in an effort to provide a
brief description and assessment of
these two approaches, this paper offers
a thumb-nail sketch. What follow are
specific recommendations as to what an
INTELSAT restructuring should 1look
like, in both the “at least two private
spin-offs” and “only one private spin-
off” scenarios. It also assumes (though

recommends against) the continued
existence, because of political
pressures, of a Treaty  INTELSAT

“remnant” (INTELSAT I1S0), which would be
the same under either scenario:

The ISO portion of INTELSAT would:

e be restricted to PSN services (as
defined by the U.S. government in the
separate satellite decisions) and
the acquisition of PSN capacity from
the INTELSAT private “spin-offs” or
any other company;



The privatized portion of INTELSAT

would:

e have no INTELSAT ISO investment, and
no sharing with, or provision by, the
INTELSAT IS0, of employees,
facilities or services;

e have no cross-ownership
interlocking directors;

e have no governmental privileges and
immunities;

e be subject to the regulatory
oversight and antitrust laws of the
U.S.;

e be subject to national licensing
authorities for orbital slots;

e be a publicly traded stock
corporation. This transition can
take place in s few as three months;
in no case should it stretch out
longer than a year.

or

In practice, the Assembly would have to
approve the identification of the
INTELSAT assets to be transferred to the
new private company(s) and the financial
information to be made public regarding

those assets. (INTELSAT maintains
detailed financial information on its
capital assets -- the initial capital
outlay and the amount of capital

returned to Signatories -- virtually per
satellite.) Public subscription would
be invited on this basis, as well as with
regard to the business plans generated
by the new corporations. Corporate
costs during this start up period would
be born by participating Signatories.

If there are at least two spin-offs:
e At least fifty percent of
ownership interest in the

the
newly

created entities should be held by

the public as soon as practicable.

(“The public” does not include
existing INTELSAT - Signatories
investing

in the newly created
entities.) :

A restructuring that results in fewer
than two spin-offs is worse than no
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-incorporation.

restructuring at all. (The same
conclusion applies to the creation of an
INTELSAT S/A). The difficulty, if not
impossibility, of relying on a
regulatory structure rather than the
market to force competitive action has
been demonstrated by the Immarsat I-CO
single affiliate. In order to ensure a
competitive market for the “spin-off”
and make it a less-affiliated spin-off,
it has to face another entity of equal
size and Signatory ownership.

Problems with only one spin-off:

A single successor entity would exercise
de facto monopoly market power globally
without even the oversight
theoretically afforded by the Assembly
of Parties. For example, information
about its internal accounting could be
made unavailable through the selection
of an  “appropriate” country of
A single spin-off would
carry the mantle of being the “new
INTELSAT” This not only gives it
incomparable advantages in the
marketplace, but also gives the INTELSAT
Signatory owners a clear motive to
ensure that entity success above other
private companies, and thus the
opportunity for collusion. This is
exactly what has already started to
happen in the I-CO example.

Advantages of multiple spin-offs:
In contrast, creating multiple spin-

offs incorporated in different
jurisdictions, with different
ownership, greatly lessen the
anticompetitive problems associated

with oversight of a single dominant
provider. Multiple separate
corporations would require countries to
face the realities of open market
access. It would be extremely difficult
for a country to distinguish between
properly configured INTELSAT spin-offs
and separate systems (U.S. or otherwise)
on any sustainable basis -- political,
economic or trade. ‘
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Positive repercussions in domestic
telecommunications regimes are likely.
While a traditional PTT could

interconnect with multiple satellite
systems and maintain a position as sole
national supplier of telecommunications
services, this model becomes
increasingly tenuous in the aftermath of
the disassembly of the de jure
international satellite monopoly. The
subsequent transformations of domestic
telecommunications regimes will benefit
all users economically, while
encouraging democratic growth. And
after all, isn’t this what communication
is all about?

ENDNOTES

(1) See Report of the INTELSAT 2000
Porlamar Working Party of the Twentieth
Assembly of Parties, AP-20-11, at P.1,
June 27, 1995.

(2) Although the discussion 1is
referenced to in terms of one S/A,
because more than one S/A is also under
consideration, the text should also be
read in the plural.

(3) Inmarsat, in contrast, has been able
to avoid the legal niceties of the
amendment process by offering its land
mobile services on an “ancillary and
incidental” basis. Today these services
account for more than 30% of Inmarsat’s
revenues. Aside from the dubious legal
status of such “incidental” activities,

Inmarsat did not have to transfer
significant assets to a separate
corporation or launch special

satellites to provide its land mobile
services.

(4) INTELSAT 2000 Working Party, IWP-1-9
L/10/95, Attachment No. 1 at P.26, March
29, 1995.
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(5) Report of the INTELSAT 2000 Porlamar
Working Party to the Twentieth Assembly
of Parties, AP-20-11, at PP. 5-6, June
27, 1995.




THE PRIVATIZATION OF INTELSAT:
A USER PERSPECTIVE

Timothy S. Shea
Keystone Communications Corp.
Washington, D.C., U.S.A.

1. ABSTRACT

This paper will examine the privatization of INTELSAT from the perspective of a user of
international space segment facilities. To date, the debate within the United States on the
privatization of INTELSAT has largely been a debate between alternate suppliers of international
space segment. This paper will attempt to broaden the debate, providing a users perspective on
the potential benefits of privatizing INTELSAT and critiquing some of the more radical

proposals to break up INTELSAT.

OVERVIEW OF INTELSAT’s
PRIVATIZATION INITIATIVE

Over the course of the last two years, the
initiative to privatize INTELSAT has
gathered momentum. In September of 1995
the INTELSAT Assembly of Parties (AP)
decided to create the INTELSAT 2000
Working Group and instructed the working
group to pursue a course of study that will
result in proposals for the implementation of
a commercial subsidiary. The text of
Assembly documents are tedious at best, but
the intentions of INTELSAT’s membership,
as enunciated in various AP documents, are
fairly clear:

a) create a commercial subsidiary to
provide what [ will term
“competitive” services (e.g., video
and VSAT) that are not directly
linked to INTELSAT’s primary
mission of providing international
public switched network services;

and

b) preserve the ability of INTELSAT to
meet its primary obligations which
clearly include international public
switched network services;

With the AP’s September decision,
INTELSAT has sent a clear message to the
world that it does intend to privatize a
portion of its activities through the creation
of a commercial subsidiary. Considering the
bureaucratic treaty organization structures
that govern INTELSAT, this author is
amazed at the progress towards privatization
that has been accomplished to date.

It is important to note that decisions on
INTELSAT’s future structure will be made
by the AP. The AP consists of
representatives of sovereign nations are
Parties to the INTELSAT Agreements. The

“majority of these countries continue to

provide telecommunications services
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through state-owned telecommunications
entities. Consensus 1s the usual tool for
taking decisions within the AP. When a
vote is required to decide an issue, voting is
done under a one-country, one-vote process.
Thus, the effort to create a commercial
subsidiary that operates in the market on the
same basis as a PANAMSAT will be subject
to the authority of a group that has not
embraced competition and privatization to
the extent that, we in the U.S., have
embraced these concepts.

Considering the composition of the AP, it is
hard to imagine how the privatization effort
has managed to gather support. Much of the
credit for the current momentum towards
privatization can go to COMSAT which
publicly endorsed the total privatization of
INTELSAT in 1994. Under the tenure of
Bruce Crockett, COMSAT, the largest
investor in INTELSAT, has aggressively
pursued a pro-competitive privatization
policy within the INTELSAT organization,
while simultaneously seeking the support of
the U.S. Government for the privatization of
INTELSAT. COMSAT’s initial drive
towards privatization, combined with the
subsequent leadership of the U.S.
government resulted in the AP decision to
seek recommendations to implement a
commercial subsidiary.

USER PERSPECTIVE ON
PRIVATIZATION

As a provider of international broadcast
services, the privatization of INTELSAT
will have a direct impact on our (Keystone
Communications) ability to provide
international services to our customers.
Through a combination of four teleports
with 38 antennas, microwave facilities, fiber
links, studios, and space segment we provide
our customers with a broad range of both
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domestic and international broadcast
services. Today Keystone holds long-term
contracts on approximately sixteen 36 MHZ
equivalent international transponders, most
of which are on INTELSAT satellites. It is
vital to Keystone, and to the international
broadcast community, that any privatization
of INTELSAT leave intact the ability of a
privatized INTELSAT to provide global
broadcast services, while at the same time
ensuring that service become more
responsive to customer requirements.

In addition to user requirements for a global
system there are three fundamental questions
that must be asked both by users of
INTELSAT and policy makers with regard
to the creation of a commercial subsidiary of
INTELSAT: will users benefit from
privatization; will users be disadvantaged in
any way by privatization; and why is
COMSAT, the sole U.S. gateway to
INTELSAT, supporting privatization?

BENEFITS OF PRIVATIZATION

As a user of INTELSAT space segment,
Keystone is painfully aware of some of the
competitive disadvantages to using the
INTELSAT system. The primary
disadvantages to using the INTELSAT
system are the direct result of the current
treaty structure of INTELSAT, including: 1)
the requirement in most countries to procure
space segment through a Signatory; 2) the
matching order requirement; 3) the lack of
accountability of INTELSAT to end-users;
and 4) the high costs of using INTELSAT.
In the following paragraphs, I will discuss
how these disadvantages impact users.

If INTELSAT operated as a privatized
commercial entity none of these
disadvantages should be present. Clearly, a
commercial subsidiary of INTELSAT must
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provide service in a manner that is more
responsive to customer requirements and
more similar to the evolving competition.
Currently, INTELSAT is increasingly less
attractive to broadcast customers. Many, if
not all, broadcast customers view
INTELSAT as a second rate option for
delivering service. PANAMSAT’s ability to
pre-sell its Pacific Ocean satellite can be
attributed to the fact that they provide
customers with a service that is more
responsive to their needs.

Benefits Users Should See From A
Commercial Subsidiary of INTELSAT

1) Elimination of Signatory Access
Requirements

The current requirement to access
INTELSAT through a Signatory rather than
directly is one primary disadvantage to using
INTELSAT for non-telephony services. In
most instances, the Signatory is the national
telephone company. This is consistent with
the international communications
environment when INTELSAT was created
and does not cause a problem for the
provision of telephony services, because the
Signatory and customer are usually one and
the same. However, in the broadcast market .
the Signatory is rarely the provider of
communications services.

L

The requirement for broadcast users to
access INTELSAT via a Signatory
negatively impacts users on a number of
levels. Financially, it means that broadcast
users must pay an additional mark-up on
INTELSAT capacity, making INTELSAT
less attractive to broadcast users.
Operationally, it means that users must deal
with an additional layer of bureaucracy both
in ordering service and when seeking the

resolution to problems. The availability of
direct access to INTELSAT for users would
significantly benefit users. The creation of a
commercial subsidiary must ensure that
users can buy space segment directly from
INTELSAT.

2. Elimination of the Matching Order
Requirement

The current INTELSAT operating structure
was designed for delivering duplex services
(telephony) between international gateways.
The provision of video and other services
was seen as secondary and the use of
customer premise earth stations was not
foreseen by the drafters of the INTELSAT
agreements. Consistent with the provision
of a duplex service, INTELSAT requires
that two parties acknowledge the service and
share in the revenue stream derived from the
service. With the development of multipoint
services, INTELSAT requires each
Signatory in the service to participate. This
requirement is referred to as a matching
order.

In the provision of multipoint services
and/or simplex services, the matching order
is a significant disadvantage to INTELSAT
and users. The matching order provision
means that a multipoint service must obtain
the permission, on a service-by-service
basis, from multiple operating entities in
multiple countries. This can be a
bureaucratic nightmare in the best of
circumstances. Worse than the bureaucracy
is the fact that each of these operating
entities is likely to demand revenue for the
provision of the service, causing the total
cost to provide a service using INTELSAT
to become non-competitive.

When using a private commercial entity
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such as PANAMSAT or Columbia, users do
not need to get matching orders for each
service. Rather, users simply obtain the
space segment from the private entity at a
negotiated rate. It is easy and straight
forward to obtain space segment from
private commercial suppliers. Costs to the
user are based on market forces, not a price
determined by what is in essence a supra-
national set of rules and regulations. The
creation of a commercial subsidiary of
INTELSAT to provide broadcast services
should allow INTELSAT to eliminate the
matching order requirement -- this must be a
primary goal of those involved in the
privatization of INTELSAT.

3. Increasing INTELSAT’s
Accountability to Users

Currently INTELSAT is isolated from its
non-PSTN user base. This is the result not
only of the requirement for users to access
INTELSAT via Signatories, but also of
INTELSAT’s privileges and immunities.
Due to its privileges and immunities,
INTELSAT cannot be held accountable by
users, either in the courts or via regulatory
agencies. If INTELSAT is negligent in
providing service, if INTELSAT is cross-
subsidizing services, or if INTELSAT were
to violate anti-trust laws --- users currently
have no direct legal recourse.

This shielding of INTELSAT by its
privileges and immunities effects the
organizations responsiveness to customers.
For example, if an employee at INTELSAT
were to make a negligent error that required
a customer to back-off his uplink power,
resulting in the customer losing antennas on
the beam edge that were critical to his
business plan, INTELSAT would clearly
view this as a serious mistake and seek to
correct the problem. But, INTELSAT would

97

not view the error as a potential threat to the
organization that must be dealt with swiftly
and decisively. The result of this protection
is that both the organization and its staff do
not feel threatened by any actions that they
make take that might adversely effect others.

A commercial subsidiary of INTELSAT
must be subject to the same legal and
regulatory constraints that other commercial
satellite companies are subject to in their
commercial activities. INTELSAT would
thereby be forced to be more accountable to
users and become more customer
responsive.

4. . Lowering the cost of using
INTELSAT

Lowering costs must be a primary goal of
privatization. As we have discussed there
are a number of structural changes that will
lower the cost of using INTELSAT space
segment, ranging from eliminating the
matching requirement to eliminating the
need to go through Signatories. In addition,
INTELSAT bears a number of costs that a
private commercial entity would not be
required to bear. These costs must be
reexamined in light of privatization and
eliminated where they do not provide a
competitive advantage in the marketplace.

Currently, INTELSAT must pass on to its
users such costs as: holding multiple
international meetings with interpretation in
three languages, providing documents in
three languages, paying expatriate benefits
to a significant portion of its staff, the high
salaries and benefits of an international
organization, etc. The privatization effort
must ensure that any commercial subsidiary
of INTELSAT is able to eliminate costs that

No
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do not provide INTELSAT with a
competitive advantage.

NEGATIVES ASSOCIATED WITH
PRIVATIZATION

The only negative that this author can see in
privatizing INTELSAT via the creation of a
commercial subsidiary is if INTELSAT were
to be broken into three or four commercial
subsidiaries of four to five satellites each.
As I understand the theory, INTELSAT
should be broken into multiple entities to
ensure that it does not dominate the
marketplace. This assumes that domination
of the market place is determined by the
amount of capacity that is available to a
particular entity. Unfortunately, there is no
validity to such an assumption.

The assumption that the amount of capacity
available to a competitor equates with
market dominance does not take into
account technological superiority, beam
coverage, antenna communities, and a broad
range of other market factors. Nor- for that
matter does it take into account the relative
size of a potential INTELSAT subsidiary
compared to the size of competitive systems
at the time of privatization.

One of the primary services of INTELSAT’s
commercial subsidiary would be the
provision of video services.. In the video
market, dominance in the provision of
satellite capacity is determined not by the
number of transponders and their associated
price. If this were the case Columbia
Communications, which has excess capacity
at extremely attractive prices, would
dominate the market. Rather, market
dominance results from a combination of
factors. One of the most important is the
community of antennas pointed at a satellite.

If a space segment provider can attract a key
organization, like CNN, to its space segment
the resulting pool of antennas pointed at the
satellite make it more attractive to other
broadcast customers.

Other factors of importance in determining
what satellite is dominate in the market
include such things as beam coverage, size
of earth stations that can operate with a
satellite, and cost. It is only through a
combination of these factors that a satellite
can be dominant in the marketplace. Once
users have a feel for these factors, the
market tends to recognize the “hot bird” or
dominant video satellite.

As it is important that any privatized
commercial subsidiary of INTELSAT’s be
global in nature, we must recognize that it
will have to compete for business on a
global basis. Currently, the marketplace
recognizes PANAMSAT as having the “hot
birds” for trans-pacific and Latin American
video traffic. In Asia, ASIASAT clearly has
the “hot birds” for regional service. In
Europe, ASTRA provides the “hot” video
satellites with EUTELSAT competing hard.
Any policy decisions taken on the
assumption that INTELSAT will dominate
the market place will be sorely misguided.

Even if you look at the question of market
dominance in the simplistic terms of the
amount of capacity, it is not clear that
INTELSAT would dominate the market. If
we assume that INTELSAT’s commercial
subsidiary is ready to implement service at
the end of 1997, INTELSAT would have a
total of 22 satellites at that time. In order to
meet its primary mission, INTELSAT prime
would require at least three satellites in the
AOR, two in the IOR and two in the POR.
Thus, at the most INTELSAT would have
fifteen satellites for its commercial



subsidiary, compared to the eleven that
PANAMSAT is seeking to put in orbit. By
more conservative estimates INTELSAT
prime would require eleven of its satellites
to meet its primary mission, leaving only
eleven satellites for the new subsidiary.

Breaking INTELSAT into three or four
entities would only serve to marginalize
INTELSAT in the marketplace. Such a
decision could only benefit its direct
competitors -- it would not benefit users.

Why is COMSAT Supporting Privatization

As the sole U.S. gateway to INTELSAT, it is
not immediately clear why COMSAT would
support privatization. COMSAT currently
earns significant revenue from its role as the
U.S. broker of INTELSAT space segment.
Nonetheless, COMSAT has supported much
if not all of the measures that this user sees
as necessary in the creation of a commercial

subsidiary of INTELSAT.

COMSAT’s support of privatization is the
result of their recognition of increasing
competitive pressures. Competitive pressure
from fiber optic communications for the
provision of telephony service and from
more satellite service providers that can
more easily meet customer requirements for
“competitive” services. With the
recognition of these facts, COMSAT has a
fiduciary responsibility to its stockholders to
protect their investment. COMSAT’s
support of privatization is nothing more or
less than COMSAT trying to maximize its
profits for its investors.

As an interested observer, we must still
question what role COMSAT sees for itself
in the new commercial entity. Clearly, until
privatization, COMSAT must continue to be
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regulated as it is today. However, the facts
do not bear out allegations of nefarious plots
on the part of COMSAT to ensure that
INTELSAT is provided with a more
competitive, commercially oriented
organization that will remain insulated from
the competition by the privileges and
immunities of the INTELSAT Agreement.

CONCLUSIONS

The creation of a commercial subsidiary of
INTELSAT is in the interests of the user
community, if the new commercial
subsidiary meets certain criteria.

- Specifically, the commercial subsidiary

should:

1) allow direct access by all users;

2) allow users to buy space segment at
market costs without any matching
requirements;

3) be fully accountable to end-users

including ensuring that it is subject
to national regulatory and legal
controls; and

4) have a lower cost structure that
~ allows it to provide less expensive
service to users.

Finally, it is important that policy makers in
the U.S. examine market dominance more
closely than they have to date. INTELSAT
is not dominant in the provision of
“competitive” services. Breaking
INTELSAT into multiple entities may in fact
lead to the result that policy makers are

- seeking to avoid -- the creation of a

dominant player in the international
broadcast market.

128



PERSONAL COMMUNICATIONS SATELLITE SYSTEMS
LEN J. SPELTZ
TRW SPACE & ELECTRONICS GROUP
ONE SPACE PARK
REDONDO BEACH, CA 90278

ABSTRACT

Recent major advances in electronics have dramatically shifted the satellite paradigm: either user, sender or
receiver, can move about without communications degradation. Because of this advance, geostationary (GEO),
medium (MEOQ), or low earth orbits (LEO) can now be considered. This paper compares several proposed sys-
tems for the provision of personal communications by satellite. ' ' :

TRENDS IN COMMUNICATIONS SATELLITES

Over the past 30 years, satellites have contributed
greatly to communications throughout the world. The
earliest applications expanded transoceanic telephony
and introduced intercontinental video transmission.
Later, satellites provided domestic communications
services and mobile service for ships at sea. Today,
because of satellites, telecommunications are
available everywhere in the world but the cost for
mobile communications remains high. The demand for
universal personal communications is there and
satellite systems can satisfy both industrialized and
developing region needs. An important issue is
spectrum sharing in order to ensure competition.
Consumers want low cost, conveniénce, reliability, and
high quality.

Over the years communications satellites have
become larger and more complex, permitting ground
antennas to become smaller and less costly. Until
recently, satellite communications service has required
heavy, expensive terminals and the cost and mass of
these terminals have greatly limited access for most
people. For example, in 1993, the most portable
terminal was heavier than a laptop computer and cost
$25,000. The average service cost ranged from $5 to
$10 per minute. Unfortunately, these high costs placed
universal satellite communication service beyond the
reach of the vast majority of the world's citizens.

Extraordinary improvements in microelectronics RF
technology and low-cost high-performance spacecraft
have made mass access to satellite telecommuni-
cations possible. We are now able to package an
entire satellite communications earth station into a
hand-held telephone. These terminals can be
manufactured for as little as $300 and sold for $500.
Soon mass availability of satellite service will permit
rates to drop to near the current price range for local
cellular service. In fact, local service will be directly
available to millions and cost as little as $0.65 per
minute.

CONSUMER NEEDS AND CRITERIA

To be successful, a mass communication system must
meet the following consumer needs and criteria;

* Low cost

— Service rates

— Personal telephone cost
¢ Convenience

— Hand-held telephones

— High availability
* Reliability

— Low dropout probability

— High probability of connection
* High quality

— Acceptable time delay

— Acceptable voice quality
COST

Cost is a primary issue for a mass communications
service. The number of users and the usage rate are
strongly dependent on service charges. Mass satellite
communications service must be based on service
rates that are not much higher than cellular rates.

Local celluar service providers now charge subscribers
$0.11 to $0.90 per minute for service. Cellular is now
servicing more than 50 million subscribers. Cellular
telephones cost $100 to $1000, with the low end of the
range subsidized by operators. The average telephone
call is just over 2 minutes and the average subscriber
uses his phone for 100 to 120 minutes per month.

A new satellite-based personal communications
system must be less expensive than past mobile
satellite communications systems. If the service rate is
too high, the system will not attract a large enough
customer base to pay back the original investment in a
reasonable time. In order to be competitive, the
investment cost per subscriber for future mobile
personal communications satellite systems must be

i23
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comparable to the investment cost per subiscriber for
future terrestrial cellular network systems.

TIME DELAY

A factor in space-based communications systems
which deserves special attention is time delay. Talk
overlap and confusion results if the one-way delay
exceeds 300 msec (interaction time for two
communicators would be 600 msec). The total amount
of time delay is comprised of propagation delay and
delay due to other factors such as vocoder
compression/processing and terrestrial network
transmission delay. Propagation delay is the amount of
time it takes to propagate signals from the earth's
surface to the satellite and back. For satellites in low
earth orbit (LEO) the delay for propagation is only 5 to
10 msec. In medium earth orbit (MEO) the delay
ranges from 70 to 80 msec, and in geostationary earth
orbit (GEOQ) it ranges from 250 to 270 msec. The
amount of delay time for factors other than
propagation delay is 85 to 100 msec for regional calls
and 140 to 180 msec for international calls. When all
time delay factors are considered, the total amount
required for GEO satellites will not be acceptable to
subscribers.

We must also consider the nature of communications
networks. If the signal passes through the satellite only
once then transmission is described as single-hop. If
the signal passes through the satellite twice, then the
transmission is called double-hop. Each of the delay
elements can be considered separately and then
combined. Figure 1 shows a comparison of the time
delay produced by satellites in GEO, MEO, and LEO
with single-hop and double-hop transmission.
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FIGURE 1. VOICE INTERATION TIME FOR
SATELLITE SYSTEMS

GEOSTATIONARY SATELLITE SYSTEMS

For many years, communications satellites have been
maintained in GEO so that the ground antennas could
point to a fixed location. Only three or four
geostationary satellites are then required to provide
single coverage service to the entire world. This
arrangement simplifies operational control of the
satellite constellation. Unfortunately, it also causes
several problems. The high GEO altitude requires a
complex satellite to receive and transmit the signals
from and to the desired locations on earth. The
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sateliites are large, expensive and must be equipped
with large multibeam antennas, large numbers of
transponders, and extensive signal processing. Each
satellite also represents a single point node failure.

In general, the characteristics of GEO satellite systems
are:

e Complex, large, expensive satellites
* Large, expensive launch vehicles
e Longest time delay (generally unacceptable)

* Low elevation angles at high latitudes (low quality)

Long development time

Operational simplicity

¢ No handover requirement

* Wide area access

LOW EARTH ORBIT SYSTEMS

Several companies are pursuing large constellations of
satellites in LEO to provide service to subscribers.
Twenty-four to sixty-six satellites are required to
provide continuous service. However, the satellites
can be smaller and less expensive since less power is
required to close the communications link. The total
cost for these systems is quite high even allowing for
the economies of scale associated with the large
number of satellites required.

In general, the characteristics of LEO satellite systems
are:

¢ High investment/replacement cost

* Large ground infrastructure

e Complicated satellite-to-satellite network control

* Shortest propagation time delay

s Low elevation angles

» Extensive handover processing

¢ Long deployment time

MEDIUM EARTH ORBIT SYSTEMS

MEO satellite systems provide the lowest cost per
circuit year. Three factors contribute to circuit cost per
year: total investment for space initial constellation
and replenishments and ground segments, useful
subscriber capacity, and investment lifetime. When all
of these factors are taken into account, the life cycle
circuit cost of MEO satellite systems is a factor of 2 to

3 less expensive than LEO systems and 30 to 40%
less expensive than GEO systems.



Furthermore, MEOs reduce GEO time delay by 200
msec on each transmission or 400 msec for an
interactive conversation.

In general, the characteristics of MEO satellite

systems are:

» Lowest cost per circuit year
* Acceptable propagation time
* Incremental startup

» Rapid deployment (short time to market)

High availability

Flexible coverage
» Simple operation

COMPARISONS FOR PERSONAL
COMMUNICATIONS SATELLITE SYSTEMS

Figure 2 gives a comparison of the characteristics of
the three types of systems.

LEO MEO GEO
Space Segment Cost | Highest Lowest Medium
Satellite Litetime 5-75 10-15 10-15
(Years)
Terrestrial Gateway Highest Medium Lowest
Cost
Hand-Held Terminal | Yes Yes No
Local Time Delay Imperceptible | Imperceptible | Long
Operations Complex Medium Simplest
Call Handover Frequent Infrequent None
Phased Startup No Yes Yes
Development Time Long Short Long
Deployment time Long Medium Short
FIGURE 2. COMPARISONS FOR PERSONAL
COMMUNICATIONS SATELLITE
SYSTEMS

LEO satellite systems reduce propagation time delay,
but require large numbers of satellites and incorporate
other features which produce high costs for the end
user. Also, the high technology associated with LEO
concepts adds both significant financial risk for the
investor and also reliability risk for the end user. GEO
satellites can produce unacceptable time delay. In
addition, the complex spacecraft required for personal
communications missions are very expensive and
require an extremely long development time.

The MEO satellite system combines the best features
of LEO and GEO to ensure "user satlsfactlon
(affordability and quahty service).

ORBIT COMPARISONS

GEO satellites operate from orbit altitudes above the
outer Van Allen radiation belt. A MEO system puts the
satellites between the outer and inner Van Allen
radiation belts. LEO systems operate from orbit
altitudes below the inner Van Allen radiation belt.
Figure 3 shows the relative altitudes of LEO, MEO and
GEO systems.

GEO
35,000 km

MEO
10,000 km

LEO
1,000 km

FIGURE 3. RELATIVE ALTITUDES OF LEO, MEO, AND
GEO SYSTEMS

ODYSSEY IS AN EXAMPLE OF A MEO SYSTEM

The Odyssey constellation features twelve satellites at
an altitude of 10,354 km with four satellites in each of
three orbit planes inclined at 50 degrees (Figure 4).
Because the Odyssey constellation is relatively small,
the system can be developed and launched in a short
time. Figure 5 shows typical coverage of a twelve-
satellite Odyssey constellation. Each satellite's
multibeam antenna pattern divides its assigned
coverage region into a set of contiguous cells.

A key feature of the Odyssey system is that the
satellite antennas are generally pointed off-nadir to
achieve the desired coverage. Coordinated pointing of
the 12 satellites typically results in multiple satellite
coverage of land areas, while simultaneously
maintaining a high degree of single-satellite coverage
of ocean areas.

ODYSSEY ARCHITECTURE

The Odyssey system will provide economical, high-
quality, personal communications service to users
worldwide, including voice, data, messaging and
paging. Dedicated ground stations will link mobile
subscribers to the public switched telephone network
(PSTN). Figure 6 shows the Odyssey system
architecture.

The forward communication links from the satellites to
hand-held terminals are at S-band and the return links

. are at L-band. The back haul communication links
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» 12 satellites to provide worldwide coverage
* 6-hour orbit :
* Smadl! constellation is easy to manage

FIGURE 4. ODYSSEY ORBIT CONSTELLATION
COVERAGE

WERINIS A BAGZY

FIGURE 5. TYPICAL ODYSSEY CONSTELLATION
COVERAGE

* 12 satelites

3 ordit planes
+ 10,354 km orbit (MEO)
+ 50° incination

between the satellites and the earth stations are at Ka-

" band frequencies (Figure 6). Dual-mode handsets can

be connected through existing terrestrial mobile
(cellular or PCS) services where available. Where they
are not, the system switches automatically to Odyssey
satellites. Mobile communcations will be offered in
areas not covered by cellular systems.

The Odyssey system incorporates a number of unique
features, foremost of which are the medium earth orbit
(MEO) and directed beam steering. MEO satellites
enable high-elevation viewing angles so that the link
margin yields high availability of service. The fifteen-
year lifetime satellites can focus the circuit capacity on
the world’s populated areas, resulting in the lowest
cost per circuit year. The system enables significant
flexibility in providing capacity to areas of greatest
demand. Furthermore, Odyssey satellites can easily
coexist with other systems sharing the spectrum.

In comparison to other proposed systems, Odyssey
clearly offers the best quality service and overall
economies. TRW filed with the Federal
Communications Commission in May 1991 to provide
service in the United States. In November 1994, TRW
and Teleglobe announced a joint venture to build and
operate the Odyssey system. The FCC granted the
company a construction permit in early 1995. Service
operations are scheduled to begin in 2000.

SPACECRAFT

Figure 7 shows the Odyssey spacecraft configuration.
The spacecraft design employs three Ka-band
antennas which are gimbal mounted and
independently pointed towards earth. The spacecraft
points the S-band and L-band antennas by body
steering. Solar arrays are kept pointed toward the sun
by single-axis drives. The satellites can be launched
one or two at a time on conventional launch vehicles.

TR

T

FIGURE 7. ODYSSEY SPACECRAFT CONFIGURATION
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“IGH AVAILABILITY DUE TO HIGH-ELEVATION
ANGLES AND BEAM POINTING

Figure 8 shows the cumulative probability of satellite
elevation angles as viewed by a subscriber on the
ground. Elevation angles for the Odyssey system are
much higher than LEO systems. The average
elevation angle for Odyssey is more than 50 degrees
and the minimum elevation angle is more than 20
degrees. This compares to an average elevation angle
of 25 to 30 degrees and a minimum elevation angle of
8 degrees for the lowest altitude LEO system. The
Odyssey average elevation angles are about 15

degrees higher than the ICO system.
100 ﬂﬁ"\_.\ T T T
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Elevation Angle, degrees . 1485001

FIGURE 8. ELEVATION ANGLE COMPARISON OF
PROPOSED MOBILE SATELLITE
SYSTEMS

The higher elevation angles are a major user benefit.
The Odyssey system is less vulnerable to tree,
building, and.terrain blockage and less margin in the
communications link budget is required. Beam pointing
minimizes the number of satellites required for high-
quality communication.

CONCLUSIONS

LEO satellite systems reduce propagation time delay,
but require large numbers of satellites, which in turn
produce high costs for the end user. The complex
technology associated with these concepts adds both
significant financial risk for the investor and also
reliability risk for the end user.

GEO satellites produce unacceptable time delay. In
addition, the complex spacecraft needed to carry out
personal communications are very expensive to build
and require an extremely long development time. -

MEO systems represent the best combination of
features to ensure user satisfaction, low cost and high
communications quality. Using conventional satellite
and terrestrial technology, Odyssey, the TRW MEO
system, reduces risk and minimizes costs by using a

relatively small number of satellites to provide personal
communications service to the entire world.
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ADVANCED MODULATION TECHNIQUES FOR DIGITAL SATELLITE MODEMS

Henry Stewart and Rick Cannon
EFData Corporation
2105 West 5th Place
Tempe, Arizona 85281 USA

ABSTRACT

Advanced modulation techniques have historically not been used in satellite communications systems
because of inherent satellite power and bandwidth limitations. New coding approaches combining
pragmatic trellis and Reed-Solomon techniques have reduced the Eb/No requirements to practical levels.
Simulation and test results indicate that 8-PSK and 16-QAM modulations are practical techniques to
increase the data rate capability of a satellite channel.

INTRODUCTION

The history of digital communications has been marked by
a constant quest for higher data rates and lower bit error
requirements to meet the dramatically increasing demand
for communications services such as compressed digital
television. Terrestrial services are meeting this demand by
installation of high capacity fiber optic systems and by the
use of complex modulation schemes to carry more
information over a given bandwidth.

Digital satellite systems historically have not been able to
match the bandwidth efficiency gains of the terrestrial
systems because of a power and bandwidth limited
operational environment. Simple, noise immune
modulation schemes combined with convolutional error
correcting coding are common practice in satellite systems
to provide a circuit with acceptable error performance.

Recent design improvements in conjunctiz)n with the
plummeting cost of digital technology have made satellite
modems practical that utilize more advanced modulation
techniques.

This paper describes the use of 8 state phase shift keying
(8-PSK) and 16 state quadrature amplitude modulation
(16-QAM) in satellite modems. These modulation
techniques combined with powerful trellis and Reed-
Solomon block coding result in systems that can operate in
current satellite environments and provide high bandwidth
efficiency, low error rate, high speed communications
channels.

DIGITAL MODULATION

Satellite communication links are characterized by a very
power and bandwidth limited operational environment.

This contention for resources results in operation near
saturation with associated phase and amplitude distortion.
The links are an analog radio relay in space possessing a
set of unique limitations. Geosynchronous satellites orbit
the earth at an altitude of approximately 35,784 km and
derive their transmission power from solar cells. The
typical path loss of 200 dB combined with limited satellite

. power puts constraints on the usable types of modulation.
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Receive carrier to noise ratios are typically in the range of
5 to 15 dB, which constrain the choice of modulation.

Bipolar phase shift keying (BPSK) and quadrature phase
shift keying (QPSK) have historically been the most
popular modulation methods for digital satellite
communications. They present an excellent compromise
between bandwidth efficiency (bit/sec/Hz) and Eb/No
(energy per bit to noise spectral density ratio)
performance. They are also fairly insensitive to link
impairments such as phase noise and amplifier non-
linearity.

Figure 1 shows constellation diagrams of various
modulation methods. Since a BPSK signal can take one of
two values, it can carry 1 bit of user data for each
transmitted symbol interval. Conversely, QPSK carries 2
bits of user data for each transmitted symbol. The
transmitted bandwidth is further reduced by grouping a
greater number of data bits together into symbols via a
process generally referred to as higher order modulation.

One method of increasing bandwidth efficiency is to leave
the amplitude constant and increase the number of possible
phase states per transmitted symbol. 8-PSK contains 8
states, or 3 bits per symbol and 16-PSK contains 16 states
or 4 bits per symbol. Another technique of increasing
bandwidth efficiency is to vary both the phase and
amplitude using the modulation technique called
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quadrature amplitude modulation or QAM. Figure 1 also -
illustrates 16 states in a rectangular grid called 16 QAM.

Q

BPSK QpPsK

8-PSK 16-QAM

FIGURE 1: Modulation Types

The constellations shown in the figure all occupy the same
bandwidth (after comparable Nyquist filtering), but have
varying efficiencies of 1 through 4 bit/sec/Hz. The higher
order modulations contain a “cost” of increased signal
power requirements for a given bit error rate. Figure 2
compares the ideal uncoded bit error rate performance for
various modulation techniques. At a given error rate 8-
PSK and 16-QAM require approximately 4 dB more
Eb/No than QPSK, while an additional 4 dB is necessary
for 16 PSK. This power penalty is the reason that higher
order modulation was previously avoided for satellites.

CHANNEL CODING

Satellite systems rely on some of the most powerful known
error correction techniques to combat the effect of low
Eb/No. They are typically designed for worst case error
rates of 1 x 10°® for voice grade service and 1 x 107" for
high reliability data service. An uncoded QPSK voice
grade service requires an Eb/No of about 11 dB to meet
error goals, with higher order modulations requiring even
higher Eb/No values. Convolutional encoding and Viterbi
decoding (K=7, rate 1/2) reduce the Eb/No requirement by
5 dB, at the expense of doubling the occupied bandwidth.

Early research in higher order modulation coding schemes
focused on designing a custom, optimum codec for a
particular modulation type. In 1989 Viterbi and others
published a paper on the subject of “Pragmatic Trellis”
decoders. The paper examined ways to use commercially
available, inexpensive K=7 Viterbi decoder integrated
circuits for many types of higher order modulation. The

paper showed that these decoder chips could produce
results within tenths of a dB of optimum. This meant that
there was no appreciable advantage to using a custom
decoder, the decoder being used for QPSK could work
very well for numerous other schemes.

BER (Uncoded)

—

. Eb/No
-2~ QPSK
— 8-PSK
©- 16-QAM
*%- 16-PSK

FIGURE 2: Uncoded BER

' This technique renewed interest in higher order
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modulation for a design using 8-PSK transmitting 139.264
Mbit/sec for fiber restoral over a 72 MHz transponder.

Recent advances in coding schemes use the Viterbi
technique in conjunction with a Reed-Solomon block code.
This combination is called concatenated coding. Viterbi
decoding works best with random input noise found in a
satellite link, while Reed-Solomon correction is very good
in a burst error environment. The output error performance
of a Viterbi decoder is bursty in nature and works well as
the input to a Reed Solomon decoder. An additional
technique called interleaving limits the length of an error
burst to allow complete correction. Selection of the
interleaving method is critical to ensure optimum
performance.

The INTELSAT standard for Intermediate Data Rate
(IDR) service is an example of the power of concatenated
coding. The combination of Viterbi and Reed-Solomon
coding schemes reduces the error rate significantly. Figure

w
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3 shows that voice grade service improves approximately 1
dB but 3 dB Eb/No improvement occurs at error rates of 1
x 107, Less than 10% increase in occupied bandwidth
allows this improvement.
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1110 -
110712 ] ] ! ]

6 - 7 8 9 10 11
Eb/No
~— QPSK 1/2 Rate Viterbi With Reed Solomon
%~ QPSK 1/2 Rate Viterbi Only

FIGURE 3: Concatenated Coding

Current generation digital satellite modems combining
higher order modulation, pragmatic trellis inner coding,
and Reed Solomon outer coding can replace older QPSK
service and significantly increase capacity while
maintaining the same service grade, especially for data
applications. See Figure 4 for the improvement possible.

OPERATION

Satellite operators are familiar with QPSK/BPSK signals,
and are understandably somewhat leery of 8-PSK and 16-
QAM signals because of their higher sensitivity to phase
noise and amplifier non-linearity. Appreciable non-
linearities in either the transponder or earth station power
amplifier produce excessive intermodulation which cause
degradation of the transmitted signal plus interference to
other users in the same transponder. In addition, excessive
power usage caused by a less power efficient modulation
scheme can reduce the life of the satellite batteries.

Simulation and testing of 8-PSK and 16-QAM
modulations indicate that an earth station solid state
amplifier output backoff of 4 to 5 dB provides sufficient
linearity. TWT amplifiers exhibit an inherent amplitude to

phase conversion during operation close to saturation.
These TWT amplifiers should be operated with about 7 dB
backoff. In either case the backoff should be increased
when the amplifier carries multiple carriers.

5 6 7 8 9 10 11
Eb/No

©- 16 QAM 3/4 Concatenated

T QPSK 1/2 Rate Viterbi Only

FIGURE 4: 16-QAM BER Performance

A carefully prepared link budget resolves these concerns.
This link budget shows the levels expected at each point in
the satellite circuit, and also provide a means for
pinpointing any weaknesses in the proposed installation. A
well-designed earth station with sufficient operating
margin coupled with a non-degraded transponder provides
a good platform for these modulation techniques.

Many places in the frequency conversion chain produce
phase noise. Modulation and demodulation are typically
done at intermediate frequencies below 500 MHz and must
be translated to C or Ku band by up and down converters.
Some older converters originally designed for wide band
FM video services are inadequate for this type of
modulation. In addition, there are some converters
currently on the market that do not meet INTELSAT phase
noise specifications and will consequently impair
performance.

Demodulators track out phase noise at offsets up to a
certain frequency set by the internal (Costas loop)
bandwidths. This frequency is roughly 1/1000 of the data
rate for QPSK but must be narrower for 8-PSK and 16-
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QAM. This value can be as low as 1/10,000 of the data
rate for 16-QAM. This typically limits advanced
modulation techniques to data rates of 1,544 kbit/sec and
higher. Phase noise requirements become less stringent as
the data rate increases.

8-PSK modems generally work well with converters fully
compliant with INTELSAT phase noise requirements. 16-
QAM modems require somewhat better. phase noise which
can be met by 'well-designed rack mount type converters.
Figure 5 shows the recommended phase noise curve for
2.048 Mbit/sec service using 16-QAM modems. The key
item is the ratio of the data rate to the “corner point” on
the phase noise curve. This point moves to higher
frequencies in direct proportion to an increase in data rate.

-30

-40

-50
*Corner’

Frequency INTELSAT

Phase Noise
Limits

-60
<70

-80
16-0AM A

. Recommendation

-90

Single Sideband Phase Noise Density (dBc/Hz)

1K 10K
Frequency From Center (Hz)

100K

FIGURE 5: Recommended Phase Noise Limits
for Carriers up to 2.048 Mbit/s

TESTING RESULTS

8-PSK modems are becoming more prevalent in the
marketplace. Currently INTELSAT is in the process of
defining a modulation specification to ensure compatibility
between different vendor’s equipment. 1 x10'° error rates
are reached at an Eb/No value of less than 7.2 dB with 2/3
pragmatic trellis and Reed-Solomon coding.

16-QAM modems have recently entered the market and
have successfully passed initial testing and service
qualification. Results of testing are shown in the table
below. The DS-2 (6.312 Mbit/s) was tested with an
INTELSAT 30 watt SSPA satellite simulator and the DS-3
(44.736 Mbit/s) was tested over the air.

Y
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Data Coding Eb/No BER

Rate
DS-2 3/4 Pragmatic trellis | 8.0 3x10°
(6.312 | 3/4 Pragmatic trellis | 8.4 3x10°
Mbit/s) | and Reed-Solomon
DS-3 7/8 Pragmatic trellis 10.0 1.8 x 10°
(44.736 | 7/8 Pragmatic trellis | 10.3 | <1x 107
Mbit/s) | and Reed-Solomon

TABLE 1: Measured 16-QAM Performance
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Transponder demand and supply in the Asia-Pacific region:
How will they match over 1995-2005 ?

Stéphane Chenard
Euroconsult
Paris, France

Abstract: The Asia-Pacific region has clearly become
the world's most dynamic market for communications
and broadcasting satellite vendors. While the
spectacular increase of transponder capacity to be
expected over the next 3-4 years may seem to justify
concern over market saturation, this paper presents
an analysis of present and future demand for the
satellite operators' two major markets, public switched
telephony and television broadcasting. It appears that
(1) the Asia-Pacific telecommunications market can
be expected to keep growing robustly over the next
10-20 years; (2) the telecommunications market and
the advent of digital video compression will keep the
television industry’'s transponder demand around its
current level; (3) there will be no excess transponder
supply, and the transponder market will in fact remain
tight over most of the next 10 years.

1. Transponder demand

1.1. Telecommunications

The telecommunications markets of the Asia-Pacific
region! are experiencing unprecedented growth
since the early 1980s. It is closely correlated with
overall economic activity, the rise of the private sector
and the frantic development of intra-regional trade.
lllustration of the market's sudden dynamism abound;
for instance, the outgoing international telephone
traffic of Asia-Pacific countries grew at an average rate
of 27.5% per year from 1984-92, over twice the
annual average of 13.5% achieved in the rest of the
world. This growth slowed down in the early 1990s,
probably due to the growing share of short-duration
fax calls as well as to the worldwide economic
recession of 1991-93, but traffic is unlikely to grow by
less than 15-20% per annum in the Asia-Pacific
region over the next ten years.

The region's telecommunications sector is likely to
sustain a high growth rate through 2005, and
probably longer. Telecommunications infrastructure
still has a long way to go to catch up with the rest of
economic development in many Asia-Pacific coun-
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tries; for instance, at the current growth rates, the
Asia-Pacific region's share of the world's total number
of main lines will take until about 2005 to come close
to its current share of the world's total gross domestic
product, or about 25%. The region's share of the
world's total international telephone traffic should
converge toward the same value at about the same
time. However, Asia's share of the ‘world's wealth is
certain to rise substantially over the next decade,
setting the target higher for the development of
telecommunications. The region's countries thus
seem to require more than the coming decade to
adjust their infrastructure to their economies.

1.1.1. Domestic networks

This growth will fuel a substantial market for satellite
telecommunications. Most Asia-Pacific countries
have low population densities (under 150 inhabitants
per square kilometer) and low teledensities (under 20
main lines per 100 population), as well as large
desert, mountain or rainforest areas, which create
more favorable conditions for satellite-based
telephony, at least as an interim solution, than for the
rapid expansion of terrestrial networks. Moreover, a
large differential is already apparent between the
pace at which new lines are installed and the growth
of demand. Satellite Earth stations, along with some
terrestrial technologies such as wireless cellular
systems, are best adapted to providing rural
telephony in such circumstances, at least until the
terrestrial wire networks catch up with demand.

Satellites typically support 1-2% of the circuit capacity
of public switched networks in developing countries,
and 0.6-0.7% of that capacity in evolved markets
such as the United States, Western Europe and
Japan.? Applying these ratios to the Asia-Pacific
region's ten largest markets, and even taking into
account the fact that some of the least developed will
reduce their dependency on satellites in the late
1990s, the satellite capacity required to support their
combined local switch capacity would grow from
960,000 voice circuits in 1991 to 3.17 million in 2000.
Assuming that a 36-MHz transponder can provide

133



Transponder demand for public-switched telephone network (PSTN) applications
in the Asia-Pacific region, 1991-2000
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about 1,500 voice circuits,. as is the case on current
Intelsat 7 satellites with Earth stations equipped for
digital circuit multiplication, the Asia-Pacific public
telephony market's demand for satellite capacity
would then grow from about 850 transponders in
1993 to about 1,300 in 1997 and over 2,100 by
2000. These figures are probably minima given that
digital circuit multiplication is not extensively used on
low-density traffic paths.

1.1.2. International networks

The international circuit capacity of Asia-Pacific
countries is poised to grow even faster than the local
switch capacity, nearly quadrupling from 114,960
circuits in 1994 to 440,000 by 2000. Capacity will
thus grow by about 25% annually, generally keeping
pace with demand as represented by outgoing
international traffic.

Satellite operators face overwhelming competition
from undersea fiber optic networks on the
international telephony market, however. From 32%
in 1994, the share of satellite circuits in the capacity
available for international telephony in the Asia-Pacific
region is expected to fall to about 20% by 2000. For
instance, trans-Pacific cables provided an estimated
220,000 voice paths between North America and
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Japan in 1993, compared with 83,000 on satellites.
Cable capacity is projected to reach up to 1,500,000
voice paths by the late 1990s, or three to four times
the capacity available on satellites on Pacific trunk
routes. Trans-oceanic traffic, which remains one of .
Intelsat's core businesses, will shift to terrestrial
carriers even faster than it did in the mid-1980s in the

~ Atlantic Ocean region, where the balance of cables

and satellites was regulated until 1988. For instance,
the share of satellite circuits in Japan's international
capacity has already decreased from over 65% to
about 15%, while Indonesia is moving from about
80% to about 20%.

This is probably a minimum, however; the proportion
of satellite circuits is expected to be higher in the
more advanced trans-Atlantic market. International
carriers will continue to need satellite capacity for
restoration purposes and to serve paths away from
fibered routes. This still leaves a substantial market,
with transponder demand growing from about 25
units in 1994 to 40-60 transponders by 2000.

1.2. Television broadcasting

The Asia-Pacific region totalled an estimated 320.3
million television sets in 1992, corresponding to a

139



Share of satellites in the international circuit capacity of selected Asia-Pacific
countries (1983-2000)
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penetration ratio of one set for every 17 people. The
region's total count of television households grew on
average by 5.6% per year over 1990-93; some large
markets such as Japan, Australia and Thailand are
nearing saturation, but growth should remain around
5% per year through 2000, when the Asia-Pacific
region would total an estimated 456 million television
households.

1.2.1. Market trends

1.2.1.1. Deregulation

Economic development, deregulation and
democratization, to varying degrees, have put the
Asia-Pacific broadcasting market on the path to
robust and durable growth. Most countries in the
region, including some with extremely rigid media
regulations such as China and Indonesia, are allowing
privately-held television channels to eat into the au-

dience of State-run broadcasters. The Asia-Pacific
region’s television advertising market grew by 4.9%
on average from 1982-93, to total $18.9 billion in
1993, about as much as the entire U.S. advertising
market. Except for Japan and Australia, Asia-Pacific
advertising markets ignored the severe crisis which
struck that sector over 1990-93, growing on average
by 8.8% per year over 1992-93.

1.2.1.2. Cable and
satellite delivery

Cable and satellite delivery are well developed in the
region’s largest market, China, and in two of its most
affluent, Japan and Taiwan. They remain marginal in
most other countries, but large multichannel projects
are already well advanced in Thailand, Australia,
South Korea and Indonesia. Altogether, an estimated
9 million homes received television directly from
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satellites throughout the Asia-Pacific region in 1994,
65% of them in Japan.®

Cable television is already closely linked with the
development of telephone networks. While U.S. and
European cable companies spent many years and
billions of dollars in laying fiber alongside existing
telephone wires and are now up against entrenched
telephone operators, the shortage of telephone
capacity in many Asia-Pacific countries makes
television companies welcome to provide voice and
video services from the beginning. As a result, the
television industries of Thailand or Malaysia will
leapfrog from a condition close to that of European
broadcasters in the 1960s to technologies and
business concepts which remain semi-operational in
the United States. Some governments, such as
those of South Korea, Singapore and Malaysia, are
also favoring cable over satellite distribution because
- it allows them to recoup their investment in telephone
networks and to exert closer control over program
content. As a result, the number of cable homes
should remain about six times that of satellite home

over 1994-2005. S

However, the dish population will probably grow in all
of the largest markets. Those where government
policy, overwhelming competition by cable networks
or insufficient per-capita revenue will effectively stifle
its development, like Singapore, Australia or
Myanmar, also happen to be of relatively small size.
Dishes are now illegal in some countries but, with few
exceptions, prohibition regimes are generally already
unenforceable and will probably not remain viable
over the long term. The Japanese market is still
growing rapidly, and the Thai, Indonesian and
Chinese markets are taking off. The prospects of
direct broadcasting are less clear in Malaysia, the
Philippines, Australia and South Korea, where cable
distribution is either already predominant or receiving
enough investment to become predominant. Overall,
the Asia-Pacific region's dish population is projected
to more than triple through 2005, coming to about 30
million homes.

The Asia-Pacific cable market is forecast to grow from
53.16 million households in 1993 to about 93 million
in 2000 and 123 million in 2005. This would
correspond to about 7% annual growth over 1993-
2005, close to the 10% annual growth of cable
television in the United States from 1980-92.
Altogether, the Asia-Pacific region's 70 million new
multimedia subscribers may translate into a market for
integrated receiver-decoders worth $15-20 billion
over 12 years, depending on the accessibility of the
Chinese market.

1.2.1.3. Compression

Whether compression techniques become
operational will have a decisive effect on the
transponder market. High-definition television and
direct broadcasting have already been wrongly
predicted in the early 1980s to revolutionize satellite
markets, but times have changed. Commercial
television projects from Argentina to Egypt and from
Thailand to Luxemburg now assume that digital
compression standards and equipment will have
become widely available in the late 1990s. The vast
resources devoted to developing these
technologies and to starting the mass production of
decoders, generally based on the International
Standards Organization's MPEG 2 standard, give
credence to this assumption. In particular, U.S. direct
broadcast operator DirecTv Inc.. and several large
cable network operators and regional telephone
carriers are investing in the requisite manufacturing
capability.

1.2.1.4. Localization

A key factor in the development of Asia-Pacific
television markets is the growing localization and
specialization of programming since about 1993. Until
then, satellites had been used mostly by the region's
national broadcasters to extend their reach outside
major urban areas, and by a few pan-Asian
broadcasters, many of them coming from the
saturated U.S. cable television market, seeking to
blanket Asia with general-interest programming. The
region's television industry is now driven by
narrowcasting, the distribution of specialty
programming to niche markets defined by linguistic
basins or interest groups; as a minimum, consumers
in the late 1990s will expect to receive news, movie,
musical, sports and general entertainment channels
in their own language or dialect. This will substantially
increase transponder demand. At least one large
multichannel package, encompassing about 100
local-language channels, can be expected to operate
in each of the region's principal markets; such
projects already exist in Australia and Japan, and
smaller packages of about 20-60 channels are in
preparation in Indonesia, Malaysia, Singapore and
South Korea.

While the audience of regional channels such as
STAR TV grew rapidly in the early 1990s, these
programs faced no substantial competition from the
established national networks, which often lived on
monopolies and had grown complacent; others such
as Time Warner Inc.'s HBO Asia, a subscription movie
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Transponder demand for television distribution in the Asia-Pacific region, 1992-2000
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channel, successfully targeted elite minorities with
high disposable income and sufficient English
language fluency, but did not build up a very large
audience. Advertisers were the first to point out that
Australian, Chinese and Malaysian viewers do not
normally seek out the same movies, news or sports,
speak different languages, react differently to
dubbing or subtitling, live in different time zones and
are not familiar with the same brands of toothpaste.
The concept of regional channels had in fact already
been disproved in Western Europe in the late 1980s.
STAR TV was again the first to proclaim localization as
its new strategy in 1993, after its acquisition by the
News Corp. However, market research in the Asia-
Pacific region did not become detailed enough to
support such plans until recently. Broadcasters also
needed time to locate and negotiate rights with local
producers and film libraries; this remains an obstacle
to the development of some promising markets such
as South Korea, whose small program industry is hard
put to fill the vast capacity of the cable networks
commissioned in early 1995. Other major markets,
including China, Malaysia and Indonesia, remain
difficult to penetrate for political reasons, or due to
uncontrolled video piracy. China, in particular, has
been seen so much as the region's main event by
Western broadcasters that smaller markets with better
short-term prospects received less attention than
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they deserved.

1.2.2. Transponder demand

An estimated 1,321 television channels were
available throughout the Asia-Pacific region at the
end of 1994, including 269 over-the-air UHF or VHF
channels and 1,052 cable channels. However, about
900 of the latter are local Chinese programs, whose
number is likely to decrease in future years through
consolidation and rationalization; the region's two
other large cable markets, the Philippines and .
Taiwan, have about 50 cable channels each. As of
April 1995, a total of 165 channels were distributed
by satellites, to UHF or VHF retransmitters, cable
head-ends and direct reception antennas, filling 168
transponders on 31 satellites.

Based on known projects and the likely evolution of
each national market, the region's lineup is projected
to grow by 13-23%, to reach 1,493-1,625 channels
by 1997, of which 282-378, or about 19-23%, will be
accessible to satellite distribution, either to feed cable
networks or as part of direct broadcast packages.
Based on the known or expected plans of program
suppliers with regard to digital signal compression,
this would translate into demand for 116-156
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transponders, marking a decrease of about 7-30%
from the current level of demand.

There is still reason to doubt that digital compression
will have an immediate effect on the market: digital
integrated receiver-decoders are now just becoming
available in large quantities for U.S. direct broadcast
programs, and should remain relatively scarce and
expensive in the Asia-Pacific market by 1997.
Broadcasters may deal with this situation either by
deferring their projects or by leasing more
transponders. Since niche channels must be
amortized over small audiences, the latter solution is
probably the least likely. This suggests that
transponder demand may be in the range of 200-250
units by 1997, :

Television channels will continue to proliferate over
the period 1997-2000. The most active markets in
that timeframe should be China, with an increasing
number of nationwide and regional commercial
channels though many small cable programs may
disappear; Japan, where two large multichannel
packages are already in preparation; and Australia,
Thailand and possibly South Korea, as satellite
broadcasting becomes more deregulated. The total
number of television channels available in the Asia-
Pacitic region is projected to be in the range of 1,578-
1,980 by 2000, including 506-704 accessible to
satellite distribution. This would translate into demand
for 134-233 transponders if digital compression
becomes widespread; an intermediate scenario is
more likely, in which actual demand may remain in the
same range of 200-250 as projected for 1997.

2. Transponder supply

2.1. Satellite market since 1965

The Asia-Pacific region's importance in the global
satellite market has grown steadily, and accelerated at
.an unprecedented pace from the late 1980s, driven
by the sudden development of television
broadcasting and the investments committed by
Asian nations to the modernization of their
telecommunications networks.

As in other satellite markets, three generations are
becoming apparent in the Asia-Pacific region. The
first generation encompassed 19 satellites ordered
from 1965-79 and launched from 1967-85, with a
total value of $1,403 million.* This first group
provided the minimum connectivity required to
support international telephony and some of the
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traffic carried by the principal and most underserved
backbone links of island nations such as Indonesia
and the Philippines, or the Australian outback. It was
dominated by Intelsat, which ordered 14 spacecraft
for deployment over the region during that period,
but also saw the emergence of its first two domestic
systems: Indonesia's Palapa A and Japan's BS-1
direct broadcast satellite.

The second generation ran approximately from 1980-
90; the market expanded markedly over that period,
with 34 satellites ordered for a total value of $3,945
million and launched over 1983-92. This period saw
Australia acquire the region's second domestic
system and two competing private systems appear in
Japan. Another important development was the
launch of Asiasat-1, which brought the concept of a
pan-Asian operator and transborder television into
Asia. '

2.2. Future prospects

2.2.1. Trends to 2005

The Asia-Pacific market's third-generation satellites
were ordered from about 1991, and should be
launched through 2004. Early planning has already
begun for the launch of replacement satellites such
as the Optus C and Koreasat 2 series from about
2003, which may mark the beginning of a fourth
generation.

Altogether, as of June 1995 a total of 86-109
satellites were ordered or forecast to be ordered from
1991-2000 and launched from 1992-2005, with a
total estimated value of $7.0-10.15 billion (at
1993 prices), or 1.3-1.9 times as much as that of the
first two generations combined. The upper estimate
assumes that all existing or planned domestic and
regional systems will be replenished, and that one
new regional system and three new domestic
systems will appear.

Indigenous Asia-Pacific operators, other than Intelsat,
Inmarsat and Panamsat, are expected to account for
75-94 satellites, with a combined value of $5.2-9.7
billion, or 74-95% of the total market. Though these
operators play a part in the decisions of Intelsat or
Inmarsat, they purchase shorter series and require a -
different marketing approach.

By May 1995, an estimated 41-59% of the projected

Asia-Pacific market had already been captured by
U.S., European and Russian satellite vendors, with
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Asia-Pacific civil geostationary communications satellite market, 1967-2005
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50 satellites worth an estimated $4,142 million
ordered from 1991-95, and to be delivered through
1999. These include 39 satellites worth $3,251
million ordered by indigenous Asia-Pacific operators,
or 33-62% of that market segment. Five months into
1995, the year was already the industry's best ever,
with orders received for eleven satellites worth an
estimated $1.34 billion.5

This current phase of the market's evolution is driven
by several trends which all point to its rapid
maturation:

. All Asia-Pacific countries with gross domestic
product in excess of $90 billion, except for Brunei
Darussalam, have now acquired domestic satellites.
No new national markets are likely to emerge within a
decade, except possibly under anchor tenancy
agreements similar to those already negotiated with
foreign operators by low-income countries such as
Tonga and Papua New Guinea.

. The regional markets for broadcasting and
business services have become healthily
competitive. Five major systems (Intelsat, Asiasat,
Apstar, Palapa and Panamsat) already provide pan-
Asian services from India to Oceania, and will be
joined by a number of smaller contenders. Domestic
users in Japan, the Philippines and even China also
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have a choice of satellite carriers; domestic satellite

'services will be deregulated in Australia in 1997 and

in Thailand in 1999, opening two large, high-income

" markets to competition.

. The needs of most countries for basic
telecommunications and television services being
satisfied, Asia-Pacific operators are now moving on to
specialized services such as mobile and personal
communications, digital audio broadcasting and high-
power direct broadcasting.

The first trend is adverse to further market growth,
since domestic systems will now probably support
only a replenishment market. However, the region's
replenishment market is already vigorous: out of the
77-100 geostationary satellites to be delivered over
1995-2005, 38-42 will replace spacecraft to be retired
from constellations already in operation today, while
39-58 would be new entrants or extensions of
existing systems. Japan, in particular, has become
entirely a replenishment market, since the licensing
of a third private operator is considered an unlikely
prospect.

The Asia-Pacific market is thus expected to pause
briefly from 1998-2004, as the market absorbs the
massive influx of transponder capacity of the mid-
1990s, at least assuming that current launch
manifests are verified; it is not clear that commercial
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Asia-Pacific satellite communications and broadcasting service market
(1994-2000)
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launch service providers can cope with the high level
of demand from Asia-Pacific operators, and it is likely
that the peak of 11-17 launches forecast over 1995-
97 will actually stretch over a longer period.

The frequency coordination process is not expected
to significantly constrain the market. New systems
have appeared so rapidly in recent years that some
satellites have been launched without completing
this process, which has.also become extremely
complex and time-consuming, creating concern that
the geostationary arc may be coming close to
saturation over the Asia-Pacific region. A number of
technical and procedural remedies exist, however,
and, despite some high-profile disputes, there is
reason to doubt that orbital crowding will appreciably
prejudice Asia-Pacific operators.

Given design lifetimes of 10-13 years for most of the
satellites launched from 1988-94 and 13-15 years for
most of those to be launched from 1995, the market
may be expected to peak again from 2005-2010.

2.3. Transponder leasing market

The Asia-Pacific transponder leasing market is estima-

2000: $2,701-5,890 million
Mobile services: $190-1,850 million (7-31%)
- Broadcasting: $151-420 million (6-7%)

ted to have generated revenue of about $1.054
billion in 1994 for the sixteen satellite operators which
then provided capacity. Intelsat ranked first among
these, unsurprisingly since it also possesses over
53% of the region's transponder supply. Space
Communications Corp. and Japan Satellite Systems
Inc., Japan's two private operators, are believed to
rank second and third, largely because of the high
price of their Ku-band transponders. The revenue of
transponder leasing for fixed services and television
broadcasting would increase from about $1 billion in
1994 to $2.5-4 billion by 2000.6

2.3.1. Supply-demand
equilibrium

The Asia-Pacific transponder leasing market has
been increasingly tight since the late 1980s,
suggesting that demand was seriously under-
estimated by the region's operators in the past
decade. By early 1995, all available satellites operate
at saturation, or close to it: Indonesia's Palapa B
satellites, Rimsat Ltd.'s two Rimsat G satellites,
Asiasat-1, Apstar-1, Panamsat Corp.'s PAS-2 and
Thailand's Thaicom-1 and 2 are fully leased, while
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Transponder leases for fixed services in the Asia-Pacific region:
Estimated market shares (1994)
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Asiasat-2 and Palapa C1 appear to be 90% full. The
only operators which appeared to retain more than
20% unused capacity at the end of 1994 were
Columbia Communications Corp., whose business
started relatively recently and relies on low-power
satellites with less than optimum coverage, and the
Australian and Japanese domestic systems,
handicapped by high prices, unfavorable regulations
and strong terrestrial competitors.

The transponder market will change more in the Asia-
Pacific region over the period 1995-98 than it ever
did in any other part of the world within such a short
timeframe. Transponder capacity is forecast to grow
from the 1,241 36-MHz units available as of March
1995 to 2,183-2,588 at the end of 2000,
corresponding to a compound annual growth rate of
11.9-15.8% over six years.” The Asia-Pacific region
would have access in 2000 to approximately 37-38%
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Space Communications
Cormp.
$184 million (17.5%)

- Japan Satellite
Systems

$150 million
(14.2%)

of the world's total transponder population, which is

‘then projected to stand at 5,742-6,997 units.

The launches scheduled over 1995-97 will add

sufficient transponder capacity to largely resorb the
current shortage. By 1997, transponder supply is
forecast to exceed demand by a margin of 26-32%.
This, however, is close to the 30% margin which U.S.
commercial satellite operators maintained throughout
the 1980s; some of this margin will be used by
transient applications such as satellite
newsgathering. The market will generally remain
vulnerable to launch failures, and shortages may
persist in some markets.

Moreover, demand will continue to develop at a rapid
pace, more than doubling over 1993-2000. The

- market will have returned to a very tight margin by

2000. Users may cope with this situation by migrating
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Transponder capacity over the Asia-Pacific region (1966-2005)
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more toward terrestrial carriers or using more efficient
digital compression techniques, or additional
transponder capacity may be put in place. However,
maintaining a capacity margin of 30% in 2000 would
require a transponder population of 3,285-3,357
units. This is 769-1,102 more than operators are
expected to provide by 2000, and, since commercial
satellites in the Asia-Pacific region now carry an
average of 20-25 transponders, would require the
launch of another 30-55 spacecraft over the next five
years. It is doubtful that so many satellites could be
financed, coordinated, built and launched over that
short period in addition to those already on order or
forecast to be ordered.
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2.3.2. Transponder pricing

Another sign of tension in the market in recent years
has been a slow increase in transponder rates.
Although the tariff structure of transponder leases is
generally neither simple nor published, anecdotal
evidence suggests that the average price of a C-band
transponder in the Asia-Pacific region increased from
about $1 million per year to about $1.6 million in
1994. This level of pricing is similar to that typically
quoted in the Middle Eastern market, and
intermediate between the $750,000-1 million
typically quoted by commercial U.S. operators and
the $2-3 million quoted for Western European
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domestic satellites. Ku-band transponders have
consistently been 2.5-3 times more expensive than
C-band capacity, though their relative scarcity makes
average prices less significant.

The price of C-band transponders is expected to be
forced down in the short term, possibly back to the
$1-million level. The forces which back this trend
include the rapid increase of supply, deregulation,
and market fragmentation. As supply becomes more
fragmented, prices will be subject to greater
competitive pressure: from 53.5% in March 1995,
Intelsat's share of ‘the transponder population

accessible to Asia-Pacific countries will drop to about -

31% by 2000, while the total number of suppliers
should increase from 17 to 21-30. Domestic and
regional suppliers are also becoming increasingly
indistinguishable. Except for the South Korean and
Australian systems, all of the satellites ordered by
domestic operators in the Asia-Pacific region have
regional coverage, either to support their country's
international telecommunications or to give its
television channels access to other markets. For
instance, Japanese satellites, which used to be
subject to rules strictly limiting signal overspill into
neighboring countries, as well as the Measat and
Thaicom systems of Malaysia and Thailand, will
provide dedicated beams centered on India, while
some of India's Insat 2 domestic systems are being
modified to extend their reach as far east as Australia.
-Finally, digital compression also could make the
transponder market more competitive, by allowing
broadcasters to shop around for fractional capacity
instead of full transponders.

It is not clear that this trend toward lower C-band
transponder rates will prevail in the longer term
against the rapid increase. of the cost and capabilities
of satellites. In addition, most of the region's
operators are just commissioning expensive
spacecratft and will probably lose money over their first
2-3 years of operation, through 1997-2001, leaving
little margin for price reductions; Aussat Pty. Ltd., the
Australian operator, remained consistently in the red
until it became Optus and ceased to report its
revenue in 1992. These factors and the better
adaptation of supply to demand make it unlikely that
C-band transponders will lease for less ithan $1-1.5
million per year in the period 2000-2005.

The price of Ku-band transponders will probably
come down slightly if demand for this frequency band
remains at its present low level. Moreover, the rates
charged for Ku-band capacity in Australia, South
Korea, Thailand and Malaysia are probably not
representative of future levels, since these markets
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are controlled by monopolistic operators.
Deregulation may lead the price of Ku-band
transponders to settle at the level of 1.5-2 times the
average price of C-band transponders, as is now the
case in the U.S. market, which would correspond to
about $1.5-3 million per year.

1 The Asia-Pacific region is defined here as encompassing all
countries East of Bangladesh and West of Hawaii, including the
territories of Eastern Siberia.

2 Euroconsult estimate based on revenue comparisons [Economic
Impact of Competing Space Segment, Report to the Commission of
the European Communities, Euroconsult, Paris, Mar. 1993, p.2.}

A distinction must be made between the number of satellite antennas
installed and the number of "satellite homes"®, since dozens of
households may share a single dish set up at the top of an apartment
block. Households are taken as the most relevant unit in assessing the
prospects of satellite broadcasting, since they generate the revenue
with which broadcasters pay for their transponders.

4 Al dollar figures are adjusted to the economic conditions of 1993,
based on deflators indexed on the U.S. gross domestic product.

The fast satellite included in this count is Garuda, for which
Lockheed-Martin Corp. announced contract negotiations on May 19,
1995. Other awards were then considered imminent.

8 The lower estimate assumes that 134 transponders will be leased for
television broadcasting and 2,100 transponders will be leased for voice
and data applications, including 25% of Ku-band transponders; C-band
and Ku-band transponders are assumed to be priced respectively at $1
million per year and $1.5 million per year. The higher estimate
assumes that the same number of transponders will be leased for
voice and data applications, but that 233 transponders will be leased for
broadcasting, that C-band and Ku-band transponders will be priced
respectively at $1.5 million and $3 million per year, and that the higher
price of Ku-band capacity will limit their share of the market to only
15%. Higher transponder prices may possibly result in lower
transponder demand and reduce the market's value to some
intermediate figure.

7 These estimates include all C-band, Ku-band, Ka-band and S-band
(when used for fixed or broadcast service) transponders operating on
the domestic satellites of Asia-Pacific countries, the satellites of
international and regional operators such as Inteisat, Panamsat Corp.
and Columbia Communications Corp. accessible in Asia-Pacific
countries, and India's Insat domestic satellites, whose coverage
includes most of the Asia-Pacific region. The footprints of many of
these satellites, such as the Intelsat, Asiasat, Panamsat, Apstar and
Thaicom systems, may extend significantly beyond the Asia-Pacific

- region as defined here; the entire capacity of these satellites is then

counted as available within the Asia-Pacific region. This may result in
a slight over-estimate. Experimental, non-geostationary and military
satellites are not taken into account.
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ABSTRACT
Global Information Infrastructure(Gll) will be an information superway consisting of the terrestrial
broadband networks and satellite communication links. The important feature of the future
telecommunication services by GIl will include personal mobile service and high speed
multimedia information with broad availability at any time and anywhere to anybody. There are
numerous issues which must be worked out in order to construct Gll with the wireline and

wireless communication links.

1. Information Superway

After several years of consensus building dialogue
between the optical fiber and the satellite sides,
experts now agree that the Global Information
Infrastructure(Gll) should be an integrated structure
of Information "Superhighway" with Information
"Superskyway". This paper describes a prospective
view on the physical base of Gl in the side of
telecommunication service by satellites, "Information
Superskyway". The physical base of Gll will be a
global information superway.

In early eighties, the mating of the information
processing by computer and the communication by
telephone network gave birth to the Integrated
Services Digital Network (ISDN), in which the
transmission lines of optical fiber and the digital
computer have been merged into the long existed
plain telephone network. The integrated services of
sound, text, data, graphics and video information is
now defined as "multimedia" and will become the
major menu for future telecommunication service in
the Gll. On the other hand, the wireless
communication so far has been confined in the
limited usage due to the high cost, constraint of
spectrum availability, security and lack of
standardization . Wireless communication on the
ground is recently being highlighted by cellular
mobile communication and PCS. In the satellite
communications sector, only long distance trunking
was commercially justified until early 80's. Today,
multiple access VSATs, SCPC/DAMA, and digital
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multichannel DBS services by GEO satellites for
domestic and international market are economically
well accepted. ‘

Within a few years, the voice, data and
multimedia services via LEO satellites looks like a
promising new service. Once more we are going to -
witness another revolution in . the
telecommunications. This time, the revolution may
transform every sector of our daily life into what is
called information age. The physical apparatus on
which the information age will be founded must be
information superway with much more advanced
capabilities than we are familiar with. The
information superway as the base of Gll which we
are expecting after 20 or 30 years will be a
telecommunication network system which has
features and capabilities to: :

1) collect, store, deliver and distribute
information, ;

2) exchange information interactively,

3) serve as information source,

4) play with like recreation toy,

5) monitor and control the public or private
facilities.

Gll is not only a information transporter or
message exchanger, it may be a facility which.is
supposed to provide the role of interactive
information  source for electronic  readers,
pharmacist, housewives, judges, doctors and school
instructors. They retrieve well prepared stories,
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prescriptions, shopping guides, - rulings, diagnosis
and curriculums from well placed information
archives; role of transporting and delivering of
massive merchandise of multimedia information to
customers within the interactively near real-time; role
of recreation device for video-on-demanders, TV
viewers, video game players, karaoke goers, M-TV
dancers; and finally role of monitoring and remote
controller via telecommanding for utility boxes,
status watchers, facility switches, etc.

Global Information Infrastructure is supposed to be
a integrated global facility which produces,
processes, stores and distributes information to
users. Considering its complexity and muitidiciplinary
nature, this futuristic information superway is
conveniently called a "Infrastructure”. In order to
construct this infrastructure, numerous elements are

to be mobilized globally. Large investment for long
period of time, promotive government policies, user
adaptation for new services and the new technology
development are required.

Gll concept is already generating large scale of
reorganization in telecommunication and information
industry. Computer and communication, wireless
and wireline networks, broadcasting and
telecommunication services, CATV and telephone
networks are moving toward being merged,
combined or connected each other for global,
personal, multimedia telecommunication service. In
parallel with physical merges, the related business
and industry are also following the track. The
evolution of telecommunication service is shown
Figure 1.
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Figure 1. Evolution of Telecommunication Service

2. Telecommunication Services Expected from
Gll.

For last three decades, evolution of the service
features of telecommunication has been impressive.
For next 30 years, it is easy to predict another
revolution. When completed, Gll is expected to
provide service features which can be categorized
as;

"ANY KIND" of service" at "ANY PLACE" at "ANY
TIME " to "ANY ONE"

In an ideal Gll, we expect that "ANY KIND" of
multimedia information and telecommunication
services will be available at "ANY WHERE", at
"ANYTIME" to "ANY ONE ". This 4 "ANY" features

are achievable only by combined network of wireline
and wireless transmission.

e Any kind of information service ;
voice, sound, text, facsimile, data, graphics and
video, -and furthermore, the combination of these
information services, so called “multimedia”
service, are supposed to be offered interactively in
near real time bases in point-to-point or point-to-
multipoint mode by GlI.

e Anywhere, Anytime ;
As long as we live, we look for information all the
time wherever we are. The terrestrial wireline
network service is limited to the reach of the fixed
terminals such as telephone units, multimedia
terminals, fax units, workstations or public
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- -. telephone . booths.-
- carrying. a.phone set or multimedia terminal with

In wireless: communication,

us to every place we go, at home or outdoors, we

can call or receive information which -we want.
. regardless where we are, i.e., in the bus, airplane,. .
. car, ships, yachts, train, bathroom, office desk or

on the street. The exploding demand in mobile
communication service in recent years clearly
indicates that "anywhere” and "anytime" feature is
the primary requirement of telecommunication
service in the future information network. The
"anywhere" feature is unique to wireless service.
Mobile communication service by terrestrial
cellular network provides local "anywhere" feature,
while mobile service by GEO/LEO satellites will
provide global "anywhere" feature.

It is certain that the cost improvement of mobile
service will bring cost competitiveness against
wireline PSTN and the strong growth will continue
for the time to come. Then, the LEO mobile
services which is scheduled to be launched from
1998 will coexist for some time with terrestrial
cellular service until it takes over the lead.

Anyone ;

If the telecommunication service is an essence
for the continuous contribution to balanced
development of this world, it should be available to
any body. What “anyone" feature of
telecommunication service implies is the equal
opportunity for information access and, at the
same time, the cost that anyone can afford to pay
for it. This essential service should be available to
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- everybody from Eskimos to jungle tribes if it is .
-supposed to be global.

‘have -

With" the technology
improvements, the equipment and system' cost
come down considerably, but ' the
telecommunication service is still -not for

. everybody in the world. Even though satellite

3.

beam coverage is more global than telephone
network, unless the satellte communication
improves its cost further, the "anywhere" feature
of Gl may not be integrated with "anyone" feature.

Functional Requirements of GlI

These service features mentioned above may be
implemented at high cost and long process of
realization of system features in Gll. Some of the
features are listed in the following;

Interactiveness

This feature is essential for real time interface
between Gll and service users such as VOD, pay-
per-view, game players, electronic library, etc.

Open Interface with Information Sources
Information input to GIl must be universal to any
type of information source and format of input
signals and devices.

System Capacity

Multimedia, interactive, high speed and
intelligence in the Gll implies large throughput and
capacity of storage subsystem, transmission links.

Figure 2. Global Information Infrastructure
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o System Intelligence
Large and complex system must have self
management capability to maintain reliable
operational conditions of the system and sustain
system performance.

o Open System Interconnection

Interconnectivity and interoperability among
devices, user terminals, networks, superways and
National Information Infrastructures(Nlls) to
construct a Gll is the key functional requirement
among others. This feature is not only a technical
requirement but also international cooperation
issue.

o Global Management
Many Nlls are to be connected together to build
Gll. For this goal, global roaming, numbering and
billing scheme must be devised according to the
new networking concept.

Figure 2 shows the Global Information Infrastructure.

4. Characteristics of Satellite Communication in
Gll

The satellite communication link has been favored
in the hostile environment for the transcontinental
and transoceanic long distance trunk for
transmission, for which wireline is sometimes not
economically justified or possible to install at all. Now
we are witnessing a space race toward
geosynchronous and polar orbits by communication
satellites. More and more households or apartment
buildings nowadays install parabolic antenna for

Ka-band
{up to 1.2Gbps)

*B-TA . BISDN Terminal Adapter

o Simulcast

BISDN
(PSTN/PSDN)

(PSTN/PSDN|

DBS program reception. The major service feature
"anywhere" expected from Gll can be provided
uniquely from Information Superskyway segment.
Major  characteristics of the  Information
Superskyway segment are categorized as following :

o Mobile Terminal Service

Global and simultaneous nature of the audio or
video communication by satellte allows
information service feature ANYWHERE in its foot
print coverage. While the terrestrial cellular phone
subscribers are growing so fast, the voice and
video service by satellite mobile
telecommunication network may soon take -
competitive position against terrestrial mobile

service in early year 2000. '

Unique feature of "broadcasting” by radio
communication is the key function for "Anywhere"
feature of Gll. Direct Broadcasting by satellite has
gained its economic momentum by digital
compression technique. Analog transponders
serving one analog video channel now can
accommodate more than 6 to 8 digital channels
improving economic efficiency several times.

o Survivability
Information Superskyway is less volunerable than
Information Superhighway to the terrestrial

disasters like earthquake, flood, fire, and terrorist
attack, etc. Alternative path and backup for the
enhancing the reliability of terrestrial system in Gil
in case of terrestrial disaster is one of the roles of
satellite links.

SUPER
COMPUTER

BISDN

=5 P

Figure 3. Global and Regional GEO Satellites for Trunl_<ing
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¢ Rapid Deployment/Easy Reconfiguration

Satellite links are easily installed by frequency
assignment in the transponder and pulling the
cable to the ground tranceivers from user
terminals. Using software user ID, satellite links
can be easily reconfigured from one user point to
another on the ground. Quick installation of earth
terminals for use for the limited time is one of the
unique features of satellite communication.

5. Models of satellite and terrestrial network
interface in GlI

By the time when Gl is forming its shape,
elements of terrestrial network will consist of PSTN,
PSDN, Cellular Radio Network, Terrestrial
Broadcasting Network, CATV. On the other hand, in
space, GEO FSS, GEO BSS, GEO MSS, LEO and
ICO global network for MSS will be offering

domestic, regional and global service. These two -
segment may be connected each other in several
different ways. Examples may be categorized into 6
models:

1) Long Span Trunking :

Trunking by satellite links has long demonstrated
the economic advantages over submarine or
terrestrial cable for long span links. This application
of the satellite links will be expanded to global,
regional and domestic trunking between gateways or
teleports. (Figure 3)

2) Bypass Network :

Direct competition with terrestrial telephone
network by wideband transponders will be realized.
Spaceway, Teledesic, AceS, ACS are currently
proposed examples.(Figure 4)

Maritime




Q

ERIC

Aruitoxt provided by Eic:

3) Territory sharing Network :

Vast wild continents with thin inhabitants like
Alaska, Central Asia, India, Africa, Siberia, and
archipelagos - such as Polynesian Islands,
Philippines, Indonesia will be almost dominantly
served by satellite communication networks without
competing with terrestrial network via mutual
interconnection via trunk gateway. (Figure 5)

4) Complimentary Service Network :

Some of the telecommunication services by
satellite are not implementable by terrestrial network
and exclusively unique to satellite. Mobile or half-
fixed terminal services by either GEO or LEO may
be able to coexist with terrestrial network in a mixed
configuration without service market competition.
(Figure 6)

Figure 6. Dedicated Satellite for Unique Service Type - e

5) Subscriber Access and Distribution Network :
Star configured VSAT networks - for - data base
access or DAMA/SCPC networks for voice service

may be a economical access net for remote rural
and island subscribers to terrestrial local switches or
central DB. (Figure 7, 8) - ‘

Figure 7. DBS Network - Distribution
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“18-24m
Remote Station

Central Station
Figure 8. DAMA/SCPC Network - Access

6) Independent Satellite Network : corporate communication. This satellite may be
As the terrestrial VAN, satellte VAN may be privately owned and operated as independent and
popular among big business groups for global isolated network. (Figure 9)

3.7m Antenna

1 HUB Station

Branch Office 1

@Async
Term.
B

, Branch Office 2
Figure 8. VSAT Corporate Network

1BM ost Remote Station

6. Issues in integrating Information services, not the transmission media. On the other
Superskyway with Information Superhighway hand, the efficient planning and regulation of the
spectrum assignment is essential in maintaining

¢ Regulation quality of services by radio links.

Redraw or break the boundary line between _
wireline and wireless services and network e Development of gateways for connectivity with

operation so that both network systems and superhighway
service operations may be combined together, the Interface between satellite links and PSTN is
business commodity must be reoriented to realized through gateway earth stations of satellite
- bl g
Q k" -i IS, O
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links. GEO and LEO satellite gateway need to be
equipped with OSI Interface capabilities for any
networks protocols.

e On board communications processing
In order for wide band GEO/ LEO satellites to
interface with intelligent terrestrial B-ISDN,
payload should be equipped with on board
communications processing function such as
switching, mux/demux, message reformatting and
control, etc.

e Ground system standardization
Globalization of satellite communication network
requires the global system standards in network

functions of ground equipment and must smoothly

interface with terrestrial network elements.

e Spectrum resource expansion
Network capacity of satellite links should be
expanded by technologies in frequency reuse or
bandwidth expansion. Unlike terrestrial network,
satellite links must be well managed according to
assigned spectrums in order to avoid
interferences.

o International coordination for Orbit & Spectrum
Allocation
Economical competiveness of satellite
communication will be the best solution for
promotion of satellite communication in the GlI.
There seems to be much more potential for
technology breakthrough in satellite
communication in near future than the terrestrial
communication.

7. Conclusion

The information service features required in the
information age are well symbolized in Global
Information Infrastructure by 4 prefixes; “any
services, anytime, anywhere by anyone”. These
features may be globally realized only by combining
satellite communication systems with terrestrial
communication system. Information Superskyway,
which will provide global mobile telecommunication
service, multicast capability with global coverage at
improving service cost, will become the primary
element of the Global information Infrastructure.

Dr. S.J. Chung obtained his B.S. EE from Seoul
National University, Korea in 1964 and earned his
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Enhancing Mexico’s Information Infrastructure

Kathleen Ann Griffith
Informatica
Washington, DC
United States

1. ABSTRACT

Mexico's information infrastructure has
undergone significant improvement since the
privatization of Telmex. Infrastructure development
will continue, in spite of the on-going economic
crisis, in response to the opening of competition in
the lucrative long-distance market.  Several
companies have already acquired concessions for
public networks and have committed to new
infrastructure investments. Incentives to enhance
the local loop through cellular and satellite
communications are being implemented, as well. In
addition, Direct-to-Home (DTH) satellite TV is
expected to provide multimedia access in Latin
America later this year.

2. IMPROVEMENTS SINCE PRIVATIZATION

During the last five years since privatization,
Telefonos de Mexico (Telmex) significantly improved
telecommunications infrastructure and service in
Mexico. To meet the requirements of the
concession, Telmex' telephone service attained
several goals including: basic services in all
communities with more than 500 inhabitants;
automatic switching services for all communities
with more than 5000 inhabitants; and 2 public pay
telephones for each 1000 persons. In addition,
automatic switching must be provided in all
communities with at least 100 requests and
improvements must be achieved in the quality of
service, especially regarding reported failures, by
this year.

By the end of 1995, Telmex had installed almost 9
million lines, up from 4.5 million in 1990. Telephone
density has reached 9.6 lines per 100 inhabitants,
up from 6.5 in 1990. The wait for a new line has
dropped to less than three months, from three years
before privatization. The number of pay phones has
tripled, to approximately 240,000, with at least one
in every location with more than 500 inhabitants,
excluding the area of conflict in Chiapas. Telmex'
capital spending during these past five years

128

approached $12 billion, including $1.3 billion for
telephone equipment, $2.7 billion for transmission
equipment, $3.9 billion for switches and power
equipment, and $3.7 billion for outside plant.

With the intent to compete in global multimedia
services, Telmex purchased 49% of Empresas
Cablevision, a subsidiary of Grupo Televisa, in
1995. Cablevision offers transmission of point-to-
point TV and had 210,000 subscribers for its 24-
channe! basic service by mid-1995. It offers 7
premium channels, as well. Cablevision is only
required to give access to other telephone
companies if its cable network (more than 7000
kilometers) is open to telephone service for Telmex.

The Telmex partnership, which already included
SBC Communications and France Telecom, formed
a joint venture with Sprint to enhance its value
added services, such as call waiting and calling
cards, and its international network. Now Telmex
has an option to align with and benefit from the
Sprint/Deutsche Telekom/ France Telecom/Call-Net
“Phoenix Project’. Such alliances will ensure
Telmex' role as a global player, offering seamless
cross-border products and services to corporate
accounts and other lucrative markets.

3. CONCESSIONS
NETWORKS

FOR PUBLIC

Mexico's Secretary of Communications and
Transportation (STC) has granted several
concessions to joint ventures intending to compete
in the long-distance telephone market. The market
will open up by January 1997. To promote
competiton and rapidly develop domestic
infrastructure, SCT determined that there will be no
concession fees and long-distance companies will
be free to charge whatever they choose. At least $5
billion is expected to be invested over the next five
years by the new competitors in this market.

lusatel, Avantel, Marcatel, and Investcom were
among the first concessions granted. Other players
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in this market will include US-Mexico joint ventures
between AT&T and Grupo Alfa, an industrial
conglomerate with major steel interests; GTE
International Communications and Bancomer, a
powerful Mexican bank, and Valores Industriales
(Visa), a Mexican holding company; and MFS
Communications of Omaha, Nebraska with
Megacable, a Mexican cable television operator
based in Los Mochis, Sinaloa.

lusatel is the joint venture established between Bell
Atlantic and Grupo lusa, a powerful Mexican holding
company with wide interests. In particular, lusacell
is the second largest cellular operator in Mexico
after Telcel, a Telmex subsidiary. lusacell's
franchises cover more than 70% of the population
and it holds a nationwide 450 Mhz license for
unspecified services. lusacell leases fiber optic
capacity from the Federal Electricity Commission
(CFE). Bell Atlantic owns 42% of lusacell.

Avantel merges MCI with Banacci, Mexico's largest
financial group. Avantel is 55% owned by Banamex,
Banacci's commercial bank. Avantel expects to
have much of the infrastructure in place by 1997,
and a total investment of $1.8 billion in the new
network by 2000. During 1995-1996 Avantel is
spending $600 million on the first stage of 4,800
kilometers of fiber optic cable linking Mexico City,
Monterrey, and Guadalajara.

Marcatel is a joint venture between Mexico’s Radio
Beep, IXC Communications and Westel of the US,
and Teleglobe of Canada . Investcom is a joint
venture between Nextel and Grupo Tricom, a steel
company based in San Luis Potosi, that plans to
invest $1.337 billion.

Revenue of $4 billion a year, projected to grow 15%
to 20% annually, easily motivates foreign investors
in the long-distance telephone market. Yet, the
local loop in Mexico does not have such inherent
incentives. Thus, investment is being sought through
policy incentives for cellular and trunking licenses to
install rural public telephones under the footprint of
coverage. SCT will pay for a percentage of the
hardware under this program. SCT will be defining
the policy for PCS during the 1st semester of 1996,
which may also provide new incentives, and plans
are underway for more rural telephony applications
for the satellite system.

4. SATELLITE PRIVATIZATION

Under the provisions of Mexico’s 1995 telecom law,
the national satellite will be privatized this year. The
terms of privatization are still under review but will
provide for more efficient utilization and
management of the satellite network, space
segment, and value-added services. Assets for
privatization include: Morelos Il, Solidaridad | & II, 7
orbital slots for Direct-To-Home (DTH),
transmit/receive earth stations in Mexico, landing
rights in Latin America, interconnection agreements
in the US, LEOS & PCS, and Ka-band. Market value
for the package of three satellites and 7 orbital slots
for DTH has been evaluated by one consultant as
ranging from $308 million to $1.865 billion. Revenue
from the three satellites reached $115.4 million in
1994,

The Solidaridad Satelltes each have 18
transponders in band C, 16 in Ku, 2 in L for mobile
telephony. C will be used for television, voice and
data; Ku for digital data networks and DTH. Band L
has been introduced in Mexico for the first time and
is expected to ultimately have 50,000 mobile users
and 20,000 stationary users.

Telecomm, the government agency responsible for
the satellite system, also controls other services
such as telegraph, telex, and wire transfers. Under
privatization, these non-satellite services will likely
be linked to the postal service, similar to the
European model. In 1994, over 5 million telegrams
were sent and the number of wire transfers
increased to contribute 25.6% of revenues for -
Telecomm. Currently, 90% of the revenue for the

telegraph service is from money wire transfer. Wire

transfers are important for half of Mexico's

population still living in poverty, who frequently -
depend on income from migrant or illegal Mexican

workers in the US.

5. DIRECT-TO-HOME (DTH)

DTH Satellite TV is the much hyped multimedia
technology being -introduced throughout Latin
America this year. New compression technology
allows DTH to offer many more channels of video
programming, enhanced data delivery services, and
ultimately, interactive options. Specifically, DTH will
provide hundreds of superior quality TV signals with
high clarity images and compact disc quality sound.
Mexico has three competitors vying for a position in
the DTH market. Yet, there are several systems
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which still must be in place including: satellite
access, hops or control centers, distribution and
activation of terminals, and programming. Given the
prevalence of pirating in Mexico, security and billing
will remain as challenges for service providers.

Hughes Communications has joint ventured with
Mexico's Multivision and others in the region to
provide DTH service through Galaxy Latin
America. Although Hughes has enormous
advantages in technology, it does not currently have
landing rights in Mexico. Thus, Hughes has an
interest in acquiring the Solidaridad Satellite System.
An international agreement for reciprocity with the
US on landing rights may also change Hughes'
status. Galaxy plans to offer 72 channels of
programming on a Spanish language beam and 72
channels of programming on a Portuguese language
beam. '

Mexico's Spanish language media conglomerate,
Televisa, has joint ventured with News Corporation
and TCI2 and Brazil's Globo for a special agreement
with PanAmSat to provide wide DTH programming
options. Although initially Televisa and PanAmSat
were going to provide DTH services through
Galavision, it is likely that DTH services will be
restructured under the larger deal with News. Since
PanAmSat does not cover Mexico adequately,
Televisa will have to rely on Solidaridad or Intelsat
transponders. '

The third player in Mexico's DTH market is the
internationally unknown Medcom, using Scientific
Atlanta technology and support. Medcom owners
may be able to carve out a unique niche in the
Mexican DTH market because they are popular for
programming of Radio Red, a reliable radio news
source in Mexico.

6. CONCLUSIONS

Mexico's information infrastructure has been greatly
improved over the past five years due to-the
privatization of Telmex and the promise of
competition in long-distance telephone service by
1997. Seeking a stake in market revenues of $4
billion per year, projected to grow 15% to 20%
annually, these new competitors are expected to
invest at least $5 billion over the next five years. To
facilitate infrastructure development at the local
loop, the Mexican government will provide
incentives for cellular and trunking licenses to install
more rural telephones under the footprint of
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coverage. Also, the privatization of Mexico's
satellite system and the introduction of DTH satellite
TV in 1996, will further enhance information
infrastructure options in Mexico.
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Palau Lightnet 2000 - A Telecommunications Revolution in an Emerging Nation

John J. Mariano
AT&T Submarine Systems, Inc.
Morristown, NJ

Karl E. Rye
Palau National Communications Corporation
Koror, Republic of Palau

Abstract
The Palau National Communlcatlons Corporation (PNCC) has developed a communications deployment
plan, Lightnet 2000, that addresses the telecommunications needs of the newly formed nation of Palau
well into the 21st century. With noble goals of improving the general state of well-being for its inhabitants
and seeking to attract foreign investment, PNCC is developing a high quality communications
infrastructure. To achieve a reliable communications backbone, PNCC is installing an undersea fiber optic
network integrated with its terrestrial communications system. The undersea system is a tumkey project
encompassing the complete telecommunications network from survey to final acceptance testing. This
paper addresses the PNCC telecommunications mission, the benefits of quality telecommunications to an
island nation such as Palau, the attributes of the approach taken, and the experience gained during the

project evolution.

Introduction

On December 15, 1994, the flag of the newly
independent nation of Palau was raised at the
United Nations after almost 50 years of U. N.
Trusteeship under the administration of the United
States. This event received global coverage
through the intemational media networks using the
worldwide communications infrastructure. As a
young developing nation, Palau recognized the
vital role that telecommunications plays in the
information age. It has entrusted PNCC with
meeting the ever-changing demands of regional
and global telecommunications networks and their
users.

PNCC, created in 1982, began with less than 200
customers (mostly government lines), annual
revenues of less than US$70,000, a growing
pending service order file of 400 requests, and an
undersized and outdated phone system. Today,
PNCC's annual revenues exceed US$4 M from
over 2700 customers. Through a US$39M loan
package from the U.S. Rural Utilities Service
(formerly REA), PNCC has a number of important
telecommunications projects under construction or
in planning, including a 177 km undersea fiber optic
ring around Palau. The undersea cable pro;ect is
the main focus of this paper.
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Mission Statement

PNCC has adopted a mission that embodies not
only the needs of the telecommunications company
but also its obligation to the community. Its mission
is to:

“Integrate Palau into the global telecommunications
network for the long-term economic well-being of
the People and the Republic of Palau”

In order to achieve this mission, PNCC has
embarked upon an aggressive program of
improvement and expansion. The project, entitled
Lightnet 2000, has as its goal achieving a high
quality, highly reliable local communications
infrastructure. The economy of this new Republic
can significantly expand and place an ever-
increasing demand on the telecommunications
system. PNCC expects to be providing over 7,000
telephone lines by the year 2000. This means
Palau will have almost 35 lines per 100 residents,
placing it nearly on par with developed nations.

PNCC's strategies for its telecommunications
development are:

e Secure growth for the Republic of Palau by first
enhancing its telecommunications
infrastructure
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e Attract external business investment by having
an environment supportive of local and global
communications capabilities

e Leapfrog from 19th to 21st century in terms of
communications capabilities

o Be self-sufficient in network operation and
system maintenance

e Maximize the implementation of proven
technologies and telecommunications
applications

e Actively promote undersea cable system
projects that have a potential to be routed
through the Pacific Rim region for possible
connection to Palau.

Palau developed a multi-faceted project for
enhancing its telecommunications infrastructure(1).
It is doing this by developing a rural land network
connected over terrestrial routes as well as a
submarine cable providing inter- and intra-island
connectivity. Figure 1 illustrates the undersea fiber
optic communications system.

Because of the diversity of locations, the
remoteness of some sites, and the desire to
ultimately obtain high-bandwidth capability,
undersea fiber optic cable became the natural
choice. With the high bandwidth capability of fiber
optics, Palau could then introduce applications
such as distance leaming and telemedicine, to -
enhance the well-being of residents and attract
investment.

Telecommunications - A Link to Prosperity
Several examples where telecommunications
accelerates economic development are presented
to illustrate how PNCC will achieve its mission.

Benefits - Internal/External Investment

Advancing the telecommunications infrastructure
will attract Multinational Corporations (MNCs) and
other businesses to invest in a nation.(2) Upgrades
must reflect the needs of all possible users in order
to gain a wide range of support from possible
investors. There exists an interdependency with
the community and investors as illustrated in Figure
2. The example addresses the application of
telecommunications to improving health care.

As the figure suggests, there is an interdependency
among suppliers, business and users. Hospitals
seek to improve the state of health for the
community. Through good communications the
hospital conveys health care policy or services
(telemedicine, health care, education, etc.) The

community benefits thereby achieving the original
goals of the hospital. A plan for upgrading
communications therefore needs to look beyond
the immediate opportunity of increased telephone
service. Cooperation among possible users will
result in more support for the telecommunications
industry to upgrade facilities.

Benefits - Health Care

Health care is critical in developing countries --
about 5% of all rural calls are for emergencies and
medical reasons.(3) With proper communications,
paraprofessionals using telecommunications lines
between village clinics and regional hospitals and
health centers can be accessible for consultation
and supervision. This will enable remote expert
diagnosis from central locations.

Connectivity and good communications among
remote sites, like those existing in Palau, can be
used to coordinate emergency assistance. This
would be extremely important in the event of
disease outbreak or during or after severe
conditions such as typhoons. The benefit of saved
lives and reduced suffering by better care through
improved communications is immeasurable.

Benefits - Productivity

The telecommunications invesiment by businesses
in the United States has provided excellent returmns.
For every $1.00 invested in telecommunications,
companies saved an average of $1.64 in other
costs(4). The added value has come from
increased operational efficiencies and increased
US and foreign sales.

Studies indicate that nations who have the “political
will” to modemize and reinvest significant portions
of their revenues will be successful (5).
Telecommunications is critical to this development
process. Networks and infrastructures of
developed nations are being upgraded at a rapid
pace in order to meet business demands. The gap
between developed and developing nations is
widening regarding availability of quality
telecommunications. PNCC is seeking to rapidly
decrease any gap and maintain parity with th
global community. :

Enhanced communications will prove beneficial to
nations with varying amounts of industry. With

current price information, business can accurately
plan and schedule operations. Timely information
also can lead to efficiencies in inventory levels or
selection of downtime for maintenance operations.
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Parts can be obtained at a low price with the ability
to seek information from several suppliers.
Communications could be the primary method for
business negotiations thereby avoiding costly
travel.

For large-scale businesses, operations can be
either centralized or decentralized depending on
the economics of each option. Extensive
communications can allow for centralization of
databases or applications thereby minimizing
resource investment. Larger corporations needing
support from remote sites, like an island nation
such as Palau, can, with excellent communications,
establish the necessary links.

Benefits - Education

By developing a communications infrastructure,
distance leaming can be introduced. Central
education centers with a small cadre of qualified
individuals can reach a greater number of
geographically distant students with higher quality
education. Good network capability encourages
collaborative work. In the US, savings in time and
cost have been ten times the cost of using the
network. Avenues for research are “infinite” with
access to global information networks such as
information services, bulletin boards, electronic
mail and other applications. For Palau, such an
approach for education is being pursued.

Telecommunications Project Investment
Telecommunications project funding can come
from several sources. Traditionally, PTTs funded
projects. More recently, such projects are being
funded by govermments, industry, or private
investors. In the case of Palau, US govemment
funding was made available for this project.
Investment from such sources requires that a
strategy for development exists that reflects the
interests of the potential investors. The strategy
needs to be based on sound business development
plans which identify those revenue enhancing
services that will be provided. PNCC established
such a strategy prior to embarking on its
telecommunications upgrade.

The Palau Undersea Fiber Optic Network
An undersea fiber optic cable proved to be the best
choice for PNCC to achieve connectivity of the

remote sites around the big island of Babeldaup as

well as connecting the key island of Koror and the
remote island of Peleliu. The topology of this
undersea non-repeatered fiber optic network
consisting of 15 sites or network elements is shown
in Figure 3. The network is essentially a physical

ring topology except in the case of the link between
Koror and Peleliu; which is a “flat ring” section
(both sides of the ring in the same cable segment).

Each fiber pairin each of the segments will operate
at SONET OC-3 or 155.52 Mb/s. The SONET OC-
3 signal is made up of three (3) PDH DS-3 (45
Mb/s) or eighty-four (84) PDH DS-1 (1.54 Mb/s)
input signals. The SONET architecture and the
ring configuration assure continuous operation
even in the unlikely event of a cable fault. Each
site transmits and receives in two directions, so an
altemate path is selected without service
interruption. All submarine cable segments contain
six (6) fibers each, and terrestrial cable segments
contain twelve (12) fibers.

System Summary

Submarine Cable

A small diameter six fiber undersea fiber optic
cable will be used (Figure 4). The cable consists of
a core structure containing the six fibers, a steel
strength member, copper cladding to provide a
hermetic barrier, a polyethylene layer covered by a
steel tape, and an outer high density polyethylene
layer. This cable is a special application cable due
to the presence of the steel tape that provides
additional protection from sea bottom abrasion.
Armoring of this cable will be provided in sections
requiring added protection.

The six RXB fibers, will be provided. The
separation of sites is modest with respect to optical
transmission and does not require very low loss
fibers. The nominal cable loss is to be less than
.25 dB/km.

To minimize costs for cable manufacture and
transport, the cables are to be manufactured to a
specific length determined by its intended use and
then put directly onto individual transportation
reels. This minimizes cable handling in the factory
and provides flexibility during installation
operations. The total undersea system length is
148 km, divided into 16 cable segments.

The terrestrial cable, designated RL Cable, uses a
lightwave cable core with an outer sheath
consisting of a longitudinally applied corrugated
copper tape (for lightning protection) laminated to
stainless steel (for rodent and insect protection).
Wrapped helically around the copper tape/steel
lamination are 14 steel wires. Both the lamination
and the steel reinforcement wires are bonded to a
high-density polyethylene outer jacket that forms a
compact and rugged structure. This cable has been
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used extensively for terrestrial applications. The
total length of terrestrial cable to be used is 28 km.

Terminals

The equipment to be used is the AT&T DDM-2000
(Figure 5) product operating at OC-3 rate. Specific
equipment for each site will vary depending upon
location and the number of Optical Line Interface
Units (OLIU) at each site.

The system being installed will allow for easy
upgrades and expansion to meet future
applications. The initial installation will be at the
OC-3level. As seen in Table 1, the typical use at
this speed (155 Mb/s) is for modest speed
applications. When future needs warrant upgrades,
modules can be to progressively achieve the
capability shown in this table. The basic
transmission system will be over one fiber pair.
There are three pairs (6 fibers) so there exists a
significant upgrade capability beyond just terminal
expansion.

Data Rate Applications Users
OC-3=3 DS3, Ix28 T1s, |Voice, data, low speed General public,
ISDN-BRF Intermet, basic distance |education segment

teaming, fax
High speed Intemet, ful!

OC-12=12 DS3, ISDN-
PRI

Business, banking,
distance leaming, high medica! functions
|speed fax, basic
telemedicine

(OC-48=48-DS3, ISDN- |Broadband video, video |Entertainment,

PRI on demand, teleradiology {medical functions

Table 1 Capacity, Application and Users

The modular nature of this equipment minimizes
cost for upgrade. All components provided in the
basic offer are usable (and needed) for each
upgrade. Upgrade equipment is purchased only
‘when needed and not at the outset. As needs
increase, readily available components are added.

Powering
The equipment needed for powering the system will
vary depending upon the site.

e Conventional Power - Conventional available
power will be used where available.

e Solar Power Equipment - A photovoltaic power
system will be provided at several remote sites
where conventional power is not available.

o Diesel Generator Equipment - Diesel
generators will be provided as a secondary
supply in the event solar or conventional power
is unavailable.

e Battery Power - In all locations, battery backup
will be installed to assure sufficient time for
maintenance to remedy a fault.

136

Prefabricated Cable Stations

Since many of the locations are remote and without
existing facilities to house telecommunications
equipment, prefabricated buildings will be installed.
At most locations, Containerized Cable Stations will
be brought to a previously prepared site. The
container to be used will be a standard 8’ x 20’ ISO
Steel/Aluminum container with a coated aluminum
finish. Where existing facilities exist, these will be
outfitted with the telecommunications equipment.

Installation and Maintenance Vessel

Costs for installation were minimized by utilizing
the maintenance vessel to be delivered as part of
the project for installation as well. A maintenance
vessel is provided to allow PNCC to perform
system maintenance of the undersea cable.

Vessel Description:

The Palau cable installation and repair vessel
(Figure 6) is a converted 46’ transporter/flanding
craft. This size vessel is suitable for the operation
since the cable is to be installed within the reef of
Palau where water depths are shallow.

The aluminum vessel is equipped with a suite of
cable handling equipment required to perform cable
installation and system repair. Cable guides,
modular cable handling equipment, and cable pans
are installed for this purpose. The vessel will be
equipped with GPS navigational equipment that
provides the necessary accuracy for installation
and subsequent repair operations.

Training for PNCC personnel in operation,
administration, maintenance, and provisioning will
be provided. PNCC will ultimately be fully
responsible for all aspects of the
telecommunications system.

Key Success Factors for Palau

Several factors lead to the success of the project
thus far. During the initial phases of the project,
frequent discussion with PNCC and potential
suppliers provided them with the necessary
understanding of undersea fiber optic applications.
Through a telecommunications consulting firm,
final system specification was developed.
Continuing interaction between PNCC and the
system supplier allowed for a cost effective solution
to evolve. Cost saving alternatives evolved out of
continued open technical discussion. A flexibility
on the part of the customer and the supplier
allowed for a final configuration to emerge that was
lower in cost and mutually acceptable to both.

-
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Figure 5 AT&T DDM-2000 Multiplexer/Transmitter
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Figure 6 - Installation and Maintenance Vessel
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Options that minimized costs were:

» Tumkey project where one supplier was
responsible for the entire project from survey to
final acceptance test.

* Submarine Fiber Optic Cable over altematives
such as radio and other terrestrial links.

« Implementation of a versatile and expandable
architecture _

« Containerized Cable Stations where economics
of scale minimized costs

* Reel stowage and transport of the cable system

» Flexibility in developing and finalizing the
specification. '

» Maintenance Vessel used for both installation
and subsequent maintenance.

« Maximize the use of proven technologies and
techniques were used.

Global connectivity - The Next Step

Once Palau has established its telecommunications
infrastructure it can approach the global network
community with more to offer thereby influencing
the planning of undersea networks.

Planning of undersea cable systems is being
performed by a diverse community. Cable
suppliers, investors, telecommunications
companies and others identify potential cable
systems by determining needs for connectivity.
Such projects will arise if the economics are good
and if these planners are aware of the goals of
nations to be connected. Therefore, an important
element to securing connectivity is communicating
the desire. For this reason, PNCC continues to
actively lobby for projects in the region that have a
potential for connecting them to the global network.

Summary
Palau’s vision is being realized by implementing
several digital communications projects where the
undersea fiber system is a key element. It will
result in:
- high quality, cost effective digital
communications for the nation
- a platform on which emerging applications
can be used to enhance the well being of the
people of Palau
- an economical path for upgrade

- an attractive basis for linking to the global
network

While the Republic may have suffered with an
outdated and undersized telephone system for
many years, PNCC can state with confidence that it
will have been well worth the wait. Through
progressive and innovative projects such as the
submarine cable network, PNCC is taking this
opportunity to build not just a good telephone
system, but is building a superior
telecommunications network: one that will carry
Palau into the 21st century and beyond.
Furthermore, Palau will have one of the most
advanced networks in this region, comparable to
those serving leading economies of the world. The
emerging network entitled “Ukedel a Llomes
20007, literally meaning the “Net of Light” provides
such advance capability.

- Lightnet 2000 is as much a philosophy as it is a

communications network, reflecting PNCC's
commitment to providing “Universal Service.” To
PNCC, universal service means providing
advanced communications services from every
comer of the nation to every comer of the globe...
anywhere people of Palau chose to live ... today or
tomorrow.
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The Information Infrastructure
Meeting the Need of Bangladesh

Fazlur Rahman
" Dhaka, Bangtadesh

1. ABSTRACT

The industrial revolution gave a premium to concentration and centralization of production. The transition
to an information economy is now reversing that trend. With the iatest technological developments in the
Telecommunication sector and convergence of Information Technology, it is now possible to create and
transfer a working place any where at will, by adopting Teleworking.

2. EXECUTIVE SUMMARY

Bangiadesh, with a population of more than 118
millions cramped within an area of about 144000
square kms. is one of the densest populated
areas of the world. It has a population density of
about 820 per sq. km. The country is devastated
by natural calamities like floods, cyclones, and
tomadoes almost every year. The main cash
crop, Jute, has experienced decline in price in
real terms drastically over the last several
decades. Lack of infrastructure, too much natural
calamities, lack of resources, caused Dr. Henry
Kissinger to call Bangladesh, after it was born in
1971, a bottomiess basket. But the Information
Technology is reversing the situation. With the
latest technological developments in the
Telecommunication and Information sectors, it is
now possible to create and transfer any working
place of the world, at the door steps of the
developing countries. The new Global
Information Infrastructure practically transformed
Bangladesh (for that matter any place on the
earth), as a part of the globai working place.
These are now possible, with the wide ranging
exploration, implementation and utilization of
information technology. These changes are
bringing opportunities as well as threat to ali of
us, particularly to those living in the developing
countries. The opportunities are for those able to
anticipate and develop a competitive positioning;
those capable to timely understand and use
tremendous potentiai for development of the
Information Infrastructure.

3. SITUATION IN BANGLADESH
3.1.BOTTOMLESS BASKET

With per capita income of about US $ 250 per
year, the economy of Bangaladesh is one of the
poorest in the world. The infrastructure is still in
an infant stage. Vast majority of people of
Banglasesh lives in the rural areas. Therefore in
order to develop the economy of Bangladesh, its
rural area must be developed. But the prevailing
feature there is mass poverty, very poor access
to basic infrastructure, scanty social and human
services, and poor prospect of welfare
improvements and growth. Poverty entails tack
of access to the necessities of the life like food,
shelter, health care, and recreation. it is the
result of lack of access to the means of
production or jobs, where the poor could procure
its necessities. The total utilized agricultural area
in Bangladesh is getting reduced, and the
number of people employed in agriculture is
declining. With no surplus land available for
agriculture, the major problem faced by the
people is the non-availability of employment
opportunities. The problems outlined are not just
problem for the rural regions, they are more of a
social nature. For the rural areas, are not the
appropriate place where people may live and
work, except for agricultural work which can

“absorb only a fraction of the workforce of
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Bangladesh. The net resuit is that the percentage
of those below the poverty line in Bangladesh
are increasing rapidly. For survival rural people
migrate to urban areas creating ecological
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unequilibrium in the society and environmental -
- pollution. : C

4. RURAL CHARACTER

This means that the country side of Bangladesh
must be preserved, not only as an agricultural
production areas or as recreational areas, but it
should also provide adequate opportunities for
business and cultural possibilities, based on
social structure of village communities. The
dominating and irreversible concentration of
agricultural business and of economic and social
activities in general means that the future rural
society very much depends on the diversification
of rural economies. Generally, the attraction of
small and medium sized enterprises is hampered
by difficutties which are not only a matter of
small size and lack of resources, but which are
also a matter of such factors as geographical and
socio- cultural distance from markets and
decision-centers, lack of easy access to
information, lack of appropriate services ( public
services, training programs, etc.), lack of training
facilities for the work force, and lack of links with
other firms. It has to support the existing firms
with services and training, as well as create new
jobs by attracting small and medium-sized
enterprises to the rural communities and
businesses to the rural areas, and-maintain the
variety of private ‘and public services. This is
vital for preserving the rural society, and to
reproduce the social complexity, thus
counteracting the trend towards monoculture.

4.1.RAY OF HOPE

The access to high quality telecommunication
services and the use of the Information
Technology, in the rural areas can bring quick
change and will be attractive and comfortable,
for the entrepreneurial people to live and do
business. This will result in increased local
industrial and business activities and create new
jobs. The linkage effects and the importance of
information shall increase the productivity. With
the information flowing speedily, the market
condition shall determine the production,
business and distributions effectively. The village
people are mostly commercial or subsistence
farmers, but they are ingenious. With the
availability of Information Technology, it is

expected that . agro-industry . would be -
strengthened and developed more ingeniously.:
Those who had to migrate to city areas for jobs.
shall be attracted back to the villages. The

-emergence of agro-industry with skilled people

and investments into the villages shall resuit in

. economic activities for self reliant and sustained

economic growth.

5. CHANGING TREND

Though slowly, the situation is now changing in
Bangladesh. Given below are some examples,
showing how the uses of Information Technology
are meeting the special requirements of the
developing countries like Bangladesh :

# Shahida got married as a child at 11. In 1986,
Shahida underwent an adult literacy course. With
the help of numerical and literacy skills, she
keeps her personal accounts and routine works
updated. She is now a poultry vaccinator, a
vegetable grower, and a family planning
volunteer. She bought a treadle pump (foot
operated tube well) and leamnt to grow
vegetables and fruits like guava, papaya etc.
round the year. All these have not happened
automatically. Shahida went through several
training courses and tried to apply in her own life
whatever she leamt from each of the courses.
Now she is enjoying the fruit of her labour , and
owns her personal land. A dream comes true.

# Kaliganj, a small remote market place, in the
district of Jhenidah, lies in the south western part
of Bangladesh. This area grows banana. But
there was little market information. The business
was sluggish. With a small manual telephone
exchange and a physical trunk line, the
telecommunication was difficult. There used to
be on an average of about 5-6 trunk calis per
day. With the opening of the Operators Trunk
Dialing (OTD) facility at Kaliganj, the average
trunk calls went up to about 60 calls per day. A
few months back, the manual telephone
exchange was replaced by a small digital PABX.
The subscribers are now able to dial directly to
other parts of the country, but the incoming calls
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are still restricted via the operators. However, the
average trunk calls per day shoot up to about
600 calls per day. The banana business is
flourishing and there is a steady upward trend in
the bank savings in the area.

# Bhanga, is a small Thana (Police Station)
head quarter in the Faridpur district of
Bangladesh, with little economic activities in the
area. The young adults of the area cannot find
any job there and go elsewhere in the country as
well as to abroad for employment. The other day,
the parents of such a boy came to the Public
Telephone Call Office at Bhanga to receive a
call from their son living at Dubai, UAE, with a
view to finalizing the marriage proposal of their
son. This would have been impossile a couple of
years back.

# A garment factory at Dhaka, Bangladesh
employing 97% of their staff from women,
received an urgent advise from its foreign client
to change the design of the apparel to meet the
changing fashion in Europe. This could be
modified just in time because of the availability
of Fax telecom facility and delay of couple of
weeks period could have been disastrous.

# With the starting of the Data Entry business
recently in Bangladesh, the young workers of
Bangladesh are now able to input the business
data of the firms of USA and send them back
there, working right in Bangaladesh, thus
effectively transferring the working place from
USA to Bangladesh.

# In a remote village in the southern coastal
belt of Bangladesh diarrhoea broke out and there
was no doctor available there. With the
telecommunication facility recently installed in
the nearby area, the Doctors from Dhaka, the
capital city, could provide medical advise and
oral saline was administered to the patients
without delay and thereby a catastrophe could be
avoided.’
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6. ACCESS TO TELEMATICS &

TELEWORKING

6.1. THE INDUSTRIAL REVOLUTION

During the early part of this century, the
industrial revolution gave a premium to
concentration and centralization of production.
The transition to an information economy is now
reversing that trend. The convergence of
Telecommunication and Information Technology
(Telematics) has made it possible to undertake
the process of re-engineering the functions, and
business activities that have a strong synergistic
relationship. It is now possible to diversify
different functions of an industry or an
entrepreneurship and thus providing much more
flexible and de-centralized business and non-
business organizations and working practices
(Teleworking). Concentrating in what one does
best inevitably involves the out-sourcing and
sub-contracting of professional services which
are not essential or not continuously required.
Telework technologies now make this possible.
Competitive advantages lies now in the use of
telecommunication and information technologies.
The driving forces behind this re-structuring
process are the need to get closer to the
functions / customers, make better use of skills /
increase flexibility, and reduce fixed costs /
concentrate in core competencies. Getting closer
to the function, as well as to the customer,
means being more responsive to rapidly
changing and more value-added oriented
demand and requires better communications,
better integration of development, production
and marketing, for which the effective use of
Telematics is essential. The better use of skills
involve not only the delegation of responsibilities
and removal of layers of management, but giving
people more flexibility to apply their skills where
and when required. It also necessitates a
continuous up-grading of skills as a part of
normal work. The convergence of telework and
tele-training systems supports all these new
needs. These trends underlay a dramatic change
in the production system, methods of organizing
work and setting consumption pattems that will
have long term effects comparable with those of
the first industrial revolution.



6.2. TELEMATICS

The possibilities of accessing the necessary
information remotely and their applications in
evreyday life, as well as the accelerating pace of
technological innovation over a widening
spectrum of applications, can provide new
opportunities which affect our ways of working,
living and thinking drastically. Such essential
functions like health care (telediagnosis, health
sector networks), education (computer based
training, distance leaming), scientific research
(worldwide inter active networks by disciplines),
business transactions = (electronic data /
information exchange, electronic  banking),
production planning (concurrent engineering), and
transport (logistics, scheduling, (re)routing), as
well as applications of teleworking,-
conferencing,- design, - and editing, as substitute
for transport with related time / energy savings,
are now possible comparatively easily , even in
the developing countries like Bangladesh with the
use of Telematics.

7. THE INFORMATION INFRASTRUCTURE

It is now possible to concieve small business
ventures at the National / Global level and-that
could trigger the economic recovery and create
new jobs. Small business companies with high
knowledge content in their products and services,
can expand by serving markets countrywide via
Telematics applications running on an advanced
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national communication infrastructure. The main
impact of teleworking will apply to the small
business sector to the enhancement of their
operations in overcoming distance and serving
new markets via Telematics. The requirement
now is a new vision for advanced industrial
societies, a new covenant between the public and
private sectors, and a new balance between
urban and rural areas, a new spirit of cooperation
between rich and poor people, and between North
and South. The deployment of National / Global
Information Infrastructure networks and the
application of the new Telematics technology
could now provide the platform for a national /
global resurrection.

7.1.THE VISION

With the latest technological developments in the
Telecommunication sector and convergence of
Information Technology, it is now possible to
create and transfer a working place of any where
in the world, even at the door steps of the
developing countries by adopting Teleworking.
This should benefit the entire human being as a
whole. However, this change could bring
opportunities as well as threat to all of us,
particularly to those living in the developing
countries. The opportunities will be for those able
to anticipate and develop a competitive
positioning; those capable to timely understand
and use tremendous potential for development of
the Information Infrastructure. It is for us to grab
the opportunity and to take actions accordingly.
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.. EVOLUTION OF INFORMATION NETWORKS
AND
“FUTURE TRENDS IN INDIA

R.N. Bharadwaj
G.M.(SATCOM PROJECT)
Department of Telecom, Calcutta

ABSTRACT
Information networks are being setup matching with available technology. Custom built networks are in operation.
With the advancement of communication and information technology , the networks are merging . Towards
the first decade of 21st century, wide band networks with multimedia applications are expected to be realised.

1. INTRODUCTION

Flow of information by various modes of
communications from the time immemorial has been

shaping the life of human beings and its environment.

Today when means of communication are reaching to
new heights of development, flow of information has
become more important and critical to facilitate faster
pace of development in each sphere of life and its
surrounding environment. Availability of information
as useful resource, is one aspect and its timely flow to
the concerned is the key of success.

In India information facilities and networks are being
engineered to :

-meet socio-economic development of remote and
rural areas.

-supplement inter-urban network facilities for
business communications.

~create new facilities in unserved areas for safety
and better management of high cost and high-risk
assets of oil exploring agencies on land and in
off-shore areas, mining and power sectors.
-develop infrastructure for promoting agriculture,
and horticulture etc.

-link places of historical and touristic importance.
“broadcast information bulletins for health,
education and weather reporting.

-assist administration for law and order and
management of public utility systems.

Integrated information networks are evident along
with voice and image transmission. Technology for

_ cost-effective networks was evolving. Therefore

number of independent custom-built networks were
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conceptualised, designed and implemented. Current
studies indicate need for integrated information and
communication networks facilitating

-Transfer of information

-Collection of information and data

-Transfer of documents and images

-Entertainment

-Multi media applications with Narrow-Band and
Broad-Band Systems.

The networks are expected in star and mesh
configurations. Networks being visualized for first
decade of 21st Century are broad-band to serve the
needs of multi-media applications. Currently
narrow-band system is being implemented for
multi-media applications.

Information networks in India started with
transmission-rates of 1200 bps leading to 64 Kbps and
2 Mbps. Satellite based mesh-networks with 64Kbps
transmission rates are under implementation by private
licenced operators as well as Dept f Telecom.
Terrestrial based network is going to offer upto 2 Mbps
speeds for various applications.

Special satellite networks for weather data transfer,
Disaster Warning System (DWS), Education and
Research Network (ERNET), Agromet Advisory
Network (AANet) for medium range weather forecast,
etc.are being implemented progressively.

2. NETWORKS & SERVICE OFFERINGS

The networks in operation / under implementation

et
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offer variety of services summarized below :-

- Scientific R&D applications.

- Data transfer at medium/high speeds.

- Electronic-Mail transfer.

- Information Retrieval, Database Access, Remote job
Applications.

- Remote log-in, Directory services.

- Credit card verifications

- Tele-travel reservations

- Electronic bank-transfer

- Interactive-computing at high speeds upto 64 Kbps
- File transfer

- News Bulletine Boards

- Limited voice capability.

-Transfer of advance information regarding cyclones
and storms etc.

-Weather based favourablc data transmission to
Agromet centres.

-Collection & dissemination of Meteorological,
Hydrological and Occanographic data from remote and
un-inhabited locations over the land and sea.

3. PERFORMANCE OBJECTIVES AND LINK
DESIGN

Most of the networks are engineered in accordance
with ITU-T and ITU-R recommendations on
availability and performance. Hypothetical
Reference Circuits (HRCs) definition has been
maintained as per established norms. However
certain satellite networks have been designed with
lower values offering efficient use of satellite
resource and small size terminals. The design value
meet service requirements. Networks falling in this
category are SBRTN, DWS & DCP etc.

In case of DWS, un-companded Signal-to-Noise ratio
for peak signal has been fixed as 40dB. DCP link is
designed with over all bit-error probability of 10 .
Probability of collusion from other DCPs when
individual DCP is transmitting is less than 10° .
The overall probability of data reception for the
system is 95% or better. For cloud imageries over
all BER of 10° is essential requirement. For STFS
transmission, S/N objective of peak signal is
maintained as 50 dB with FM modulation. HV-Net
and RABMN are designed tooffer 107 BER and
availability of 99.99% I-NET provides error-frec
service. Main characteristics of selected satellite
based networks are summarized in table-1.
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4. TOPOLOGY OF NETWORKS AND
TECHNOLOGY

4.1 ARCHITECTURE OF I-NET

I-Net is India's Public Switched Public Data Network
(PSPDN). Its phase-I in operation was engineered
with 8 nodes. It meets the needs of 150-200
organizations. It connects about 2000 terminals/
computers. The type of access & transmission speeds
offered are :

(i) X25

(ii) X28(direct) - 300 bps to 4800 bps

(iii) X28 (PSTN) - 300 bps to 2400 bps

The network offers PSTN dial-out service, 099
access from other locations, dedicated dial-up, Mail-
back facility etc.

Phase-II of I-Net is under implementation on country
wide basis Network is to interwork with ISDN
switches & act as Packet Handler. It will also offer
Telematic services. Addressing schemes are based on
ITU-T X121 & X122 recommendations. Quality of
service in terms of Delay, Availability etc. are in
accordance with ITU-T recommendations and other
applicable International standards. The Access and
associated transmission speeds are :

(i) X25 Access - 2400 to 64000 bps
(i1) X28 Access - 300 to 9600 bps
(iii) X75 Access with MLP - upto 4 x 64000 bps

(iv) X32 Access - upto 9600 bps
(v) X31 for ISDN - case B mode
(vi) X25 Access - Gateway

(vii) X22 Access - Multiplex access

I-Net Phase-2 provides coverage to 89 cities and offers
transmission at 64 kbps and 2 Mbps for selected
applications. This network is going to offer new
features and flexibility given in table-2. Network uses
type-1 switch having 1000 ports with inter-linking
capability to similar switches via high speed

2048 Kbps trunk lines or concentrators. The type-2
switch has 128 ports with inter-connection capability
to similar switches. All port share trunks in common
pool. Subscribers can access the switch through
remotely located concentrators with 32 ports. Some of
the switches may act as transit switch. The Frame Relay
access to such switches is to work from 64 kbps to
256 kbps. The Frame Relay nodes are connected by
2048 kbps lines with physical interface of V35/G703.
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TABLE -1

CHARACTERISTICS OF NETWORKS

NAME OF |ACCESS - |TRANSMISSION [MODULATION {YEAROF |{REMARKS
NETWORK | TECHNIQUE |RATE OPERATION A
SBRTN TDM-TDMA |1200 bps BPSK 91-92 - |DUPLEX (DATA)
RABMN TDM-SSMA |IN-BOUND : BPSK 91-92 DUPLEX (DATA)
64kbps
OUT-BOUND :
153.6 kbps 4
HV-NET TDM-TDMA |IN-BOUND: 64 |GPSK 95-96 DUPLEX (DATA,
kbps VOICE and VIDEQ )
OUT-BOUND :
512 kbps
WS FDM/FDMA |TWO DATA FSK-FM 80-81 BROADCAST MODE,
CHANNELS AT TRANSMISSION TO
2400 bps and REMOTE COASTAL
TWO VOICE DWS RECEIVER
CHANNELS SITES (DATA and
VOICE)
DCP RANDOM  |4800 bps DCP BPSK 80-81 BURST MODE
ACCESS TRANSMISSION
FROM DCPs
(SIMPLEX DATA
ONLY)
SDUC LEASED VOICE GRADE |VOICE BAND [80-81 DUPLEX ( DATA,
LINES LINKS FOR MODEMS : VOICE and VIDEQ)
SDUC(2400 bps) |(SDUC) :
ERNET TDM-TDMA }IN-BOUND : QPSK 94-95 DUPLEX (DATA,
64 kbps VOICE and VIDEQ )
OUT-BOUND :
: 512 kbps
AGROMET |TDM-TDMA |IN-BOUND : MSK 93-94 MEDIUM RANGE
ADVISORY 17 kbps WEATHER FORECAST
NET OUT-BOUND :
' 64 kbps
-1 b -
146 £ (O




Type-1 switch has capability for 100 originating,
terminating or transit calls. It supports 60 links with
X75. Through put of switch is 4000 data packets per
second. It supports about 100 trunks of 64 kbps.

4.1.1 INTER NETWORK CONNECTIVITY

Networks are engineered with appropriate interface
equipment and protocols to facilitate inter-network
connections. The I-NET phase 1 and 2 inter-work with
the terrestrial and satellite networks. Protocol and
interfaces for inter-working are indicated in table-3.
The international traffic is routed to Gateway Packet
Switching System (GPSS) and transmitted over
international links.

4.2 SATELLITE NETWORKS

The brief topology of the satellite networks is
provided in this section.

4.2.1 Remote Arca Business Message Network
(RABMN)

It employs Spread Spectrum Multiple Access(SSMA)
Technique. Master Earth Station(MES) with G/T of
31.7 dB/oK has a packet switch and sets uplinks in
two hops among remote VSATSs. It provides PSTN
and GPSS connectivity in single/double hop. Host
computer of users are linked to host computer
interface of the Network at MES. It transmits

153.6 kbps out-bound TDM carrjer which is
received by VSATSs with G/T of 11.2 dB/oK.

VSATS can receive data upto a maximum rate of
19.2 Kbps. VSATS transmit user's data in packetized
form at 1200 bps to MES. Each VSAT has two
ports which can independently be operated with
same or different protocol. Network supports X25
protocol. At VSAT node a built-in packet
Assembler /Disassembler (PAD) is available to
permit connection of upto two asynchronous user
terminals. X235 Interface can be dynamically
configured from operator console by setting
parameters at the interfaces. The interfaces
available are given in table-4.

422 HVNET

Network uses TDM-TDMA technology MES with
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31.7 dB/oK G/T transmits 512 Kbps out bound carrier
which is received by VSATs of 15.5 dB/oK G/T. VSATs
transmit in TDMA-mode at 64 kbps. Each out-bound
carrrier can support upton 32 in-boundn carriers.

A packet switch is available at MES & packet based
protocol operates between MES & VSAT data ports.
The VSAT has following port configurations :
-Standard - Upto 32 ports with multicard option
-Voice port

-Video IF port

To support X235 function, following interfaces are
provided :

Data - RS 232, R422 and V35

Voice - Four wirc E & M

LAN - Ethernet, UTP coaxial

Token Ring Type 1 & 3

Asynchronous data upto 19.2kbps and synchronous
data from 1.2 to 64 kbps is transmitted.

423 ERNET

Nation wide network is for academic and research
institutions for better design and development.

The main objective is to provide enhanced computer
networking with associated emerging Information
Technology(IT) concepts.

Satellite based wide Area Network (SAT-WAN) is
with TDM-TDMA technology. The concept of
multi-vendor inter-operative inter-networking
architecture based on ISO/OSI is adopted. In the
initial phase 8 campuses of Institutions with LAN,
WAN and packet radio based MAN form the
sub-networks.

The network meets the needs of Indian academic and -
rescarch institutions and of collaborating
organizations for research, development and
experiments. Technical characteristics and
configurationof the network are similar to HV NET.

4.2.4 SPECIAL NETWORKS
(i) DCP AND SDUC LINKS
Information on meteorological, hydrological and

oceanography is collected from remotely located
data collection platforms (DCPs) via satellite receive



TABLE -2

MAIN CHARACTERISTICS OF I-NET 2

ACCESS INTER FACE MODEM INTERFACE FACILITIES
X.25 V22bis, V29,V 32bis, V35 Frame Relay, Reverse charging,
X 32 V 32 bis Fast select , Close User. Group,
- - - Call deflexion, Abbreviated address
X 28 (Icased line ) V 22 bis, V 32 bis or data over calling,Hunt Group, Multiple
voice packet sizes, Network User
X 28 ( Dial up mode ) V 21, V 22 bis or V 32 bis Identification.

X.75 (International Access )

TABLE -3

INTER NETWORK INTERFACES

NETWORK ACCESS INTERFACE / PROTOCOL
PSTN X235 (Direct, via X 25 pad ), X 32,
X 28 (via X3 pad) dia-up mode and
dedicated access
RABMN X25
HVNET X750rX25
ISDN B & D Channels
International GPSS UNI
TABLE - 4
RABMN INTERFACES
MES Serial ports for X25 working VSAT Serial ports
X 21 bis X 21 bis
_[RS 232 C (V 24, V28, ISO 2100) RS 232 C (V 24, V28, ISO 2100)
RS 422A (V11,X27) RS 422A(V11, X27),ASCII start-stop protocol
TABLE - 5

STFS - ACCURACY AND PRECISION

Accuracy of time or Absolute time | Less than 25 micro sec.
Precision of Measurement Less than 5 micro sec.
Accuracy of frequency measurement Less than 1 x 107°
Precision of frequency measurement Less than 1 x10™"




only terminals. DCPs transmit processed & formatted
data in random access and in sequential order with
very low probability of collusion. Transmission from
DCPs is at 4800 bps in UHF-band. Down link
reception at MES is in 4GHz-band. This data is
processed and disseminated in usable form on leased
lines and also via satellite receive only terminals. The
information is in the form of data and images.

(ii)) DISASTER WARNING SYSTEM (DWS)

It is designed to issuc timely messages and warnings
of impending disasters from cyclones, storms, flocds
etc. Coded receivers in the areas of concern are
addressed through MESs. The receivers have
unique code. Address message initiates an audio
alarm attracting attention of local attendants.
Transmit up-links are in C-band and receive
down-links in S-band. The siren/audio alarm and
receiving amplifiers are switched off automatically
afier pre-determined period. MES transmitter
employs FM transmission for multiplexed data and
voice signals.

(iii) AGROMET ADVISORY NETWORK

Network provides for exchange of Medium Range
Weather forecast (say for next 2 or 3 days) to
Agromet Centers located in Agriculture Universities,
remote sites and collect information on soil
conditions, status of crops etc. TDM - TDMA
technology is used. Central Earth Station (CES)
transmits TDM Carrier at 17 kbps. Agromet centres
have VSAT with G/T of 15 dB/oK and equipped
with PC/Processors for interactive computing by
meteorological and agricultural scientists accessing
host-computer. Information between Met office/CES
and VSATS: is exchanged on various parameters.
Information transmitted from Met office/CES contain
preventive suggestions/actions to minimize the
damage to Agricultural/Horticultural produce
expected directly or indirectly from adverse weather
conditions. The return links from VSATSs and
Agromet centres, provide soil and crop conditions.
This return data and computer based weather
prediction suggests measures for optimizing inputs
to the farms for irrigation, fertilizer and spray of
pesticides etc. and schedules for activities like
ploughing, sowing, harvesting etc.

(iv) FLOOD FORECASTING NETWORK (FFNET)

The network offers improved flocd forecast and in
turn capability for water management. The DCPs
are provided in rivers, catchment areas and
reservoirs and large tanks etc.

The rainfall data and water levels are tele-processed
through Central Water Commission's centre on 24
hours basis. Central station interrogates DCPs at
predetermined intervals (30 minutes or 60 minutes).
The Central station's Master teleprocessor is a
micro-computer and linked with a modem. The
DCPs are solar powered. System uses PCM-BPSK
modulation and PCM (NRZ) Manchester coding.
Rain fall/ water level sensors output is processed as
12 bit data. System is similar to DCP system.

(v) STANDARD TIME AND FREQUENCY
SIGNAL (STFS) DISSEMINATION

Standard Time & Frequency Signals dissemination
via satellite for research Institutes & Universities by
National Physical Laboratory facilitates highest
order degree of accuracy. MES broadcasts coded
1KHz signal burst every second and a continuous
tone of SKHz. Each coded time pulse carries one bit
of information and the entire message is sent over 59
seconds. Message carries time of the day and
current satellite position information. Uplink from
MES is in C-band and down link in S-band.
Accuracy of time and its precision achieved are
given in table - 5.

System employs FM modulation. STFS receiver is
a small terminal(G/T of 8 dB/oK )with decoder
capable of extracting time information. The phase
of local standard is compared with received signal.
The system offers accuracy as required by R&D
institutions and for synchronization of the

Telecom Network.

5. SOCIO-ECONOMIC EVALUATION

The social and economic benefits are analyzed here
on the basis of geographical coverage, standard of
masses, needs of industries, institutions. In rural and
remote areas hither to unserved by communications



In rural and remote areas hitherto unserved by
telecommunications satellite networks offer basic
telegraph service. The networks proved helpful and
assisted in welfare, exchange of messages,law and
order maintenance, management of developmental
schemes.

Money order transfer by RABMN from remote sites
has added an excellent socio-economic feature. It is
also used by Mining, Qil and Power sectors.The
improvement in efficiency of these organizations is
cstimated in the range of 10-15%, enhancing
production and turn-over significantly.

These networks have facilitated on-line monitorning
of production, raw materials, manpower-management,
distribution network of products & services. This

has contributed significantly for enhancement of
organizational efficiency, plant-utilization and
production.

Agriculture sector is benefiting tremendously. The
enormous losses encountered due to rain, storm etc.
are getting minimized by Medium Range Weather
Forecast. The service provided through DWS during
disaster is valuable & need not be quantified.

6. FUTURISTIC TRENDS

As mentioned in introductory paragraph, need based
networks driven by available technology came into
existence. Progressively in last 5 years many
networks like HV NET, ERNET and I-NET Phase 2
with latest technologies & much better capabilities
became reality offering wide range of services These
networks are now expected to merge with backbone
telecommunication network. Plans are drawn up for
multi-media applications with narrow-band links,
switches and associated terminals. Extension of

64 kbps & 2.048 Mbps links to customer premises is
realised to offer :

PC - Multimedia

Video conferencing and scientific services.
Entertainment - Video and Music on demand
Tele-shopping and Tele-education .

Telecom network is expanding with new features
and characteristics. Wide-band long distance SDH
links and new technology switches will create a base
for broad-band ISDN and Multimedia systems in the
first decade of 21st century. Information Technology

Systems & Telecommunications are to merge with
the exception to specific applications via satellite.

7. CONCLUSION

Growth of information networks has been slow but
with wide variety of applications and services.
Satellitec networks provided many new services
promoting fast growth, assisting R&D sector,
Human Welfare, Public Administration & weather
forecast against impending dangers of the nature.
Networks proved to be boon for various sectors of
the socicty. With the growing importance of
information transfer in present day economy, led by
privatization and deregulation, it has become
essential to enhance facilities and offer new and
value added services.
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Abstract

Voice Mail Service(VMS) discussed in this paper, is not defined as Intelligent Network(IN) Capability Set(CS)-1
service. This paper defines VMS for the purpose of being provided as an Advanced IN(AIN) service, and deals with
the corresponding IN architecture using Intelligent Peripheral(IP). Also, this paper addresses the service functions,
and designs the message scenarios of authentication, message receiving, message sending, service profile
registration, automatic answering and automatic message sending procedure. In case that the called party is busy or
no answer, the calling party can dialogue indirectly by recording the voice messages through the automatic
answering telephone of the terminating subscribers. However, if the called party has the plain telephone, the calling
party has to wait for an unexpected time. Although the end-users are not equipped with the automatic answering
telephone, they can send and receive the voice messages to the busy or no-answer subscribers using AIN VMS

functions proposed in this paper. Implementation of AIN VMS using the message scenarios in AIN Service
Switching Point(SSP) and IP is also discussed.

1. Introduction customer demands more quickly and economically.

Chapter 2 will describe the concept and

The telecommunications industry has paid architecture of IN. Also, network interfa_ces betwegn IN
considerable attention during past several years to the elements such as SSP, SCP and IP will be mentioned
concept of rapid deployment of new services in in thI.S chapter. Chapter 3 will deﬁne_ and dptall VMS
telecommunication networks through the use of IN mentioned above. Chapter 4 will design VMS
technology. To meet rapidly evolving market demands scenarios of the service functions. Chapter S will deal
and requests for customized service, ETRI has with how VMS is implemented in AIN, and discuss the

developed IN SSP, Service Control Point(SCP), and relative merits of this AIN service.
IP prototype to ensure competence of the major IN

network elements for the effective deployment of 2. The DFP Architecture of IN
target set of IN CS-1 services defined in Intemational
Telecommunications Union - Telecommunication Figure 1 shows the architecture of Distributed

standardization  sector(ITU-T)  Recommendation Functional Plane(DFP) in IN. The physical entities
Q.1211. IP, one of the major components of IN defined in the architecture are SCP, SSP, Service
infrastructure, provides a new generic interface for Creation Environment(SCE), Service Data
end-user interactions to implement network based Point(SDP), Service Management Point(SMP), IP, and
services that cannot be easily provided by the Adjunct. The IN architecture as defined by ITU-T

traditional switching elements. New emerging provides the following attributes.

technologies such as speech recognition and text-to-

speech enable IP to provide the customized service for ® Signaling System No.7(SS7) is a core requirement

end-users. for the IN that provides signaling connectioni.e.
IN CS-1 is the first standardized stage of evolution- Message Transfer Part(MTP)/Signaling Connection

based upon the existing technology base and on Control Part(SCCP)/Transaction Capability

evolvability requirements addressed in ITU-T Rec. - Application Part(TCAP) & Intelligent Network

Q.1211, Whereas IN CS-2, in other words, Advanced Application Protocol(INAP) between the SCP and

IN(AIN) is currently being studied by ITU-T, and has a the SSP.

service-independent platform where the various ® SSP provides flexible network switching function

telecommunication services, service management such as Call Control Function (CCF) and Service

services and service creation services can be Switching Function(SSF), supports extensive call

provided. Also, ETRI is developing its new AIN to meet triggers such as dialed number line trigger and
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routing trigger. Also, SSP may support Call Control
Agent Function(CCAF), Service Control Function
(SCF), and Service Data Function(SDF).

SCP provides centralized call processing and thus
minimizes changes to the underlying switching
infrastructure such as Local or Toll exchange.

SMP is in charge of administering the data and
service logic at SCP. It provides centralized
management of multiple SCPs and may be
connected to the IP.

SCE is a powerful service creation tool that enables
a service creator to modify(i.e. customize) and
create new service quickly. The IP may have its
own SCE.

IP is used for dialogues between the user and the
ING.e. SCP). IP supports the user-friendly User-to-
Network Interface(UNI) and the Specialized
Resource Function(SRF). SRF provides the
following capabilities.

v User interactive dialogue support to the IN SCP
for processing of IN calls during IN dialogues.

¥ Collection of user input such as voice input or
Dual Tone Multi-Frequency(DTMF)

¥ Playing customized and mass announcements

v Basic emors handling such that play retry
announcement and re-collect user input with
control of SCP.

& SDP contains and manages service data required to

provide IN services for service logic, and supports
SDF.

To other SCP or
other network

....... SS7 Network

7 [508)
A0 T5eF]

Transport
Signaling
Management
provisioning
& Control

ey Optional
i Functional
Entity

Mandatory
Functional
Entity
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SSP recognizes that the end-users request VMS,
and notifies SCP to invoke the related Service Logic
Program(SLP). Also, SSP relays between the end-
users or SCP and IP, and provides the routing
capability for IP. SCP provides the service logic and
data related to service provision, and processes ViViS
under the control of service logic. IP preserves network
resources such as announcements, speech
recognition, texi-to-speech and message receive or
send related to service processing. Also, IP provides
end-users with network resources based on SCP
control via the SSP, and collects digits from the end-
users. SMP is operated by network operator, and has
the role of managing the data and service logic. SS7
Network transfers SS No.7 messages between SCP
and SSP.

3. VMS

3.1 Definition and service functions

This paper defines AIN VMS not defined in ITU-T
IN CS-1. VMS is defined as following.

“VMS is message storage and transfer service
provided by Network operator or service provider.
VMS must support fundamentally that the service
users record the voice messages into the mail box of
subscribers and communicate with each other
indirectly, when there is no telephone connection with
the service subscribers. Also, VIMS can support that
the service users fransfer the various type of
messages included in voice, FAX, image, etc.
Therefore VIMS enables the service users to get the
useful information easily and satisfy their various
demands.”

As described above, this paper defines VMS to be
provided as AIN service, and proposes that VMS must
provide service functions as following.

©® Message mail(receiving & sending) function
@ Pager and notification function

8 AudioTex function

® Automatic answering function

@ Automatic pager and notification function

® Automatic message-sending function

3.2 The numbering system

Subscribers have access to VMS through Service
Access Code(SAC) with 3 digits, Mailbox Identification
Number(MIN) with 7 digits, Password Identification
Number(PIN) with 4 digits, and Selection Number(SN)
with one digit. There are two SACs in order to isolate
the service subscribers from the service users, as
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shown in figure 2. In case that the service subscriber
dials SAC 1 and MIN, service logic requests him/her to
enter PIN through announcements, and then he/she
dials PIN. Then service logic determines if the PIN is
valid. If valid, service logic provides VMS to the
service subscriber and charge to the dialed MIN. In
other case that the service user dials SAC 2, he/she
can record the voice messages into the mail box of the
service subscriber like the automatic answering
telephone when the called party is busy and no-
answer.

SAC 1 MIN PIN SN
3 digits 7 digits 4 digits 1 digit

(a) For service subscribers

SAC 2 MIN
3 digits 7 digits

(b) For service users
Figure 2 The numbering plan of VMS
4. The VMS scenarios

4.1 The general procedure

The general procedure of VMS, as shown in figure
3, consists of 7 procedures; authentication procedure,
message-receiving  procedure, message-sending
procedure, service profile registration procedure,
automatic answering procedure, automatic message-
sending procedure, authentication retry procedure, etc.
In case that the end-users dial SAC 1, they can access
all service functions. However, in case of dialing SAC
2, the calling parties can access message-receiving
and automatic answering procedure. If the users enter
the digits unsuccessfully, they can re-try within the
number of maximum re-try times. When the end-users
exceed maximum re-retries, network clears the call
through announcements. The subscribers, dialing
SAC, MIN, and PIN comectly, can record their voice
messages in the mailbox; then network sends these
messages to the desired called party. Also, network
notifies automatically that his/her mailbox received the
messages.

4.2 The VMS Function procedures

This section describes the VMS function
procedures using Information Flows(IFs) defined in
ITU-T Rec. Q.1214. All messaging between SCP and
SSP uses TCAP of SS7; SCP is connected to SSP
over SS7 network. IP may exchange data with SCP

while IP is connected to a user through SSP switch; all
messaging is done through SSP switch. The interface
protocol between SSP and IP is ISDN Q.931. Because
there is no connection between SCP and IP, SSP
provides inter-working between SCP and IP by
appropriate protocol conversions.

| Access and Authentication procedure |

Failure Authentication

retry procedure

Autheticatio

Success | Failure

A

Maximun retries

Other: S exceeded
procedure ™~ No tieout Timpout
{ } : ["user | [Network
Message- Service profil releas release
receiving registration r
procedure procedure
Message Automatic .
-sendir?g answering [~ Basic Call
procedure procedure
IL If service continue | ¥

—u[Automaﬁc message-sending procedure }—

Figure 3 The general procedure of VMS

, @ Dialing(SAC, MIN)

@ InitialDP{SAC, MIN}

(® ConnectToResource{IP routing address})
(® SETUP(Bearer channel setup) with FIE
(® SETUP(Connect) with FIE
PromptandCollectUserinformation

@ "Enter your PIN, please"
CollectUserinformation

AN — = == (D) — —

e ®——@>
‘ ®
Figure 4 Authentication procedure
(1) Authentication procedure

SSP triggers on the basis of SAC dialed by the
service user to access VMS, as shown in figure 3. The
end-user, once connected to IP, enters MIN to
recordflisten into his/her voice messages or
access/modify his/her service profile. Application
process in SCP, SLP, determines if SAC, MIN and PIN
are valid as authentication procedure shown in figure
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4. If the collected digits are invalid, then the calling
parties can retry authentication procedure as far as
maximum retries exceeded.

(2) Message-Receiving Procedure

Only the user, who is already verified through
authentication procedure, can select the message-
receiving procedure. The access of the message-
receiving procedure can be provided through
announcements, DTMF digits or speech synthesis as
shown in figure 5. The end-user can record his/her
voice messages in mailbox through announcements or
DTMF digits

@ PromptandCaollectUserinformation

- (@ "Enter SN such that message recording is
P 1st digit dialing, message playing 2nd, and
profile registration 3rd, please"

—® CollectUserinformation (® ReceivedMessage

(® Promptand&ReceiveMessage

(® "Tell your voice message after "bee" sounds, please”
@ @@ PromptandCollectUserinformation

® (® "Enter the telephone number for sending message,

O) please”
(® CollectUserInformation

@ Release

@2 ReleaseComplete

Figure 5 Message-receiving procedure
(3) Message-Sending Procedure

Only the subscriber, passed through authentication
procedure, can select the message-sending procedure.
The access of the message-sending procedure can be
provided through announcements, DTMF digits or
speech synthesis as shown in figure 6. The end-user
can listen to histher voice messages in mailbox
through announcements or DTMF digits. In case that
the end-users did not subscribe to VMS, they can
record their voice messages into the subscriber's

mailbox; then VMS makes it possible to play these

messages to the subscriber through message
receiving procedure automatically or manually.

(4) Service Profile Registration Procedure

- Only the subscriber, passed through authentication
procedure, can select the service profile registration
procedure. The access of the service profile
registration information can be provided through

announcements, DTMF digits, speech recognition,

or speech synthesis, as shown in figure 7. The
subscriber can modify his/her profile information such
as automatic answer registration/deregistration,
Automatic Message Sending Number(AMSN), multi-
receiver number and MIN through announcements or
DTMF digits.

4 (D PromptandCollectUserinformation
2, @ "Enter SN such that message recording is
1st digit dialing, message playing 2nd,
and profile registration 3rd, please”
® CollectUserinformation (@ SendMessage

(® "Hello, I'm Kwang-Jae Jeong. I'm waitng your
call with 555-5555, please”

(® SpecializedResourceReport
@ ReleaseCall:DisconnectForwardConnection
Release (@ ReleaseComplete

Figure 6 Message-sending procedure

@ Prompt&CollectUserinformation

(@ "Enter SN such that message recording is
1st digit dialing, message playing 2nd,
and profile registration 3rd, please”

(® CollectUserinformation

@ Prompt&CollectUserinformation

(® "Enter the selection number such that automatic
transfer number registration is1st digit dialing,
No-answer registration 2nd, and announcements
registration 3rd, please”

(® CollectUserinformation

@ Prompt&CollectUserinformation

(® "Enter the selection number such that No-answer
r?gistration 1st and No-answer deregistration 2nd,
please”

(® CollectUser!nformation
@9 ReleaseCall;DisconnectForwardConnection

@ Release @ ReleaseComplete

Figure 7 Service profile registration procedure
(5) Automatic Answering Procedure

The end-user tries to call somebody, but he is not at
home. In this case, there is no way to dialogue with
each other. When the end-user want to dialogue with
VMS subscriber who is out, VMS enables the users to
record the voice messages into the mailbox Of

subscriber as if they record their voice messages
to Telephone Attached Device(TAD) so called tape
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(D SelectRoute or Connect

(@ Attempt terminating the called party

(® Busy/No-Answer @ ConnectToResource

(® SETUP(Bearer channel setup)

(® SETUP(Connect)

@ Prompt&ReceiveMessage

“Tell your voice message after "bee” sounds, please”
(® ReceivedMessage

@ ReleaseCall;DisconnectForwardConnection

@ Release 12 ReleaseComplete

Figure 8 Automatic answering procedure

Later, the service subscriber can listen to the voice
message, recorded by the user, in his/her mailbox.
Figure 8 shows automatic answering procedure
enabled to mail the messages to the subscriber who is
out. Like other procedure, automatic answering
procedure can be provided through announcements
and DTMF digits.

(® RequestStatusReport (@ Idle or Busy

(® statusReport{ldle} @ InitiateCal);
(® Attempt terminating RequestStatusReport
the called party ® Hooh-off
R B (® ConnectToResource;
@ StatusReport{Busy} ® G o

® SETUP{Bearer
channel setup} with FIE®® SETUP{Connect}

@ "Hi, I'm John. I'd like to contact with you, please”
@2 SpecializedResourceReport
@ ReleaseCall;DisconnectForwardConnection

@3 Release @ ReleaseComplete

Figure 9 Automatic message-sending procedure

(6) Automatic Message-Sending Procedure

As shown figure 9, automatic message-sending
procedure sends the voice messages in the mailbox to
VMS subscriber automatically: In case that the end-
user records the messages into the mailbox of the
subscriber and subscriber registers AMSN in his/her
profile information, VMS sends these messages to the
subscriber automatically. In other case that the
subscriber records his/her message in his/her mailbox
and registers multi-receiver in his/her service profile,

VMS sends these messages to the end-user
automatically. If VMS does not transfer these
messages to the subscriber or users, then VMS tries to
send repeatedly at intervals of 4 hours during 24 hours.

5. The implementation of VMS

5.1 System configuration

We implemented prototype systems of IP, SSP
and SCP on the basis of network architecture and
protocol as shown by figure 10. This paper proposes
AIN VMS using AIN prototype systems. IP connects
with SSP directly and SCP via SSP. SSP
communicates with IP through ISDN user-network
interface. ISDN UNI consists of D-channel and B-
channel; D-channel for control information and B-
channel for user information such as voice.

SSP B-Channel [P SCP
SSFICCF | SCF |
]
e ]
|
ASE| ASE(s)
i (scvg,-) i {SCF - SSF) &
c SSF) c {SCF - SRF)
F [TcaP F| Tcap
[ ]
I i
| MTP || LAP-D | [ M':'P ]
II D-Chnnel i
SS No.7 Link SS No.7 Lin
SS No.7 N etwork

Figure 10 The AIN architecture for prototype systems

5.2 S/W form of AIN IP

As shown figure 11, the S/W formS of AIN IP
classify 4 parts: Resource Control Part(RCP),
Resource  Function Parf(RFP), Communication
Part(CP), and Database Part(DP).

(1) Resource Control Part

RCP controls AIN IP and consists of Resource
Manager(RM), Resource Logic Libraries(RLLs) and
Resource Logic Instances(RLIs). RM as main process
creates a new process to perform resource request
from SCP; on receiving resource request message,
RM determines if requested resource function is
available. If available, RM creates RLI using related
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" RLL. When RL1 is done, RM sends that results to SCP,
and terminates RLI. Therefore, RM manages general
procedure from creation to termination, and RLL is a
set of procedures for performing resource functions.

Control
—4G¢—— Transport
— D¢~ — Signaling
cP RFP DP
ISDN ] Prom
-d& - 6] [ ] m
—>4 CCS | Volce
_ 4. P Recognition bataBasd
H DTMF Manager
: s B Collection
—B¢— TMN Message
— ¢ {+[asHwesl | | "feond

Figure 11 S/AW form of AIN IP for VMS
(2) Communication Part

RFP plays the role of communication with physical
FEs, and consists of Line Access Blocks(LABS),
Message Processing Blocks(MPBs), and Protocol
Handling Block(PHB). Since IP have to communicate
with various networks such as Integrated Services
Digital Network(ISDN), Common Channel
Signaling(CCS) and Telecommunication Management
Network(TMN), IP is necessary to Multi LABs and
MPBs. LABs provide interface with extemal FEs, and
MPB encode and decode for appropriate protocol.
PHB change messages created by various protocols to
primitives, and reversibly.

(3) Resource Function Part

RFP is a set of resource 'functions such as
announcements, DTMF detection, DTMF collection,
speech recognition, speech synthesis, message
receive/send, etc. Generally A resource consists of
one or more resource function.
(4) Database Part

DP consists of Database Manager(DM) and data
such as speech, image, text, etc.

5.3 Implementation of VMS

157

We are implementing VMS on the basis of AIN
prototype systems as shown in figure 10 and 11,
through the design of message scenarios for VMS and
service functions in chapter 3 and 4. SCP controls
SSP and IP, and sends instruction messages such as
PCUI, CTR, efc., through SLP for VMS. Also, SCP
receives the responding messages for instruction
messages from SSP and IP, and sends the next
control message for service processing. VMS is
provided through IP resources such as prompt
resource, message receive/send, etc. When the caller
requests VMS, SSP provides the flexible switch
capability and IP offers network resources. This paper
would like to confirm the possibility that VMS may be
provided as the useful and user-friendly service, and
AIN service.

5. Conclusion

This paper described VMS as an AIN service. VMS
not defined as ITU-T IN CS-1 service, make it possible
to increase call completion rate in public network. If the
called party is no answer or busy, then VMS enables
service users to leave the voice message in the mail
box of AIN IP and to send this message to service
subscribers. Therefore, VMS expects to increase
information exchange between end users and to
decrease call traffics. Also, VMS will increase the
efficiency of network resource usage. However, there
are problems with isolating the mail box for automatic
answering from the tape recorder of the automatic
answering telephone. These problems will have been
studied for further.
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Intelligent SS7 Network Management with S7TDM

Jingsha He, Ph.D., Yi-Shang Shen, Ph.D.(1), and Don Albright
MCI Telecommunications Corporation
Network Systems Engineering
2400 North Glenville Drive
Richardson, Texas 75082, USA

1. ABSTRACT

In this paper, we present the SS7 Data Manager (S7DM) which is under development by MCI to meet the company’s
need for intelligent SS7(2) network management. The primary goal of STDM is to build a dynamic platform upon which
pro-active and intelligent data management of the SS7 network can be accomplished. To achieve this goal, a
problem/resolution library (PR library) is used in S7DM that acts as the system profile for keeping track of network
problem events along with a list of known resolutions to the problems. This library serves as the foundation of S7TDM for
the implementation of an intelligent network management platform. First, it provides STDM with intelligence or
knowledge on past engineering and problem-solving experience that help identify network problems and predict future
catastrophic network failures resulting from abnormal behavior of network elements. Second, it equips S7TDM with the
capability of learning or knowledge accumulation that enhances the level of intelligence in STDM on SS7 network
monitoring and problem resolution. These capabilities enable S7TDM to grow with MCI towards the establishment of a
sophisticated telecommunications network that provides more intelligent and advanced network services and a high
degree of network reliability and availability at a minimal capital expenditure.

gap in sophistication between networks in operation and

2. INTRODUCTION o

: network management systems that maintain the
Advances in telecommunications technology present a networks. Lack of effective and efficient network
great challenge to service companies. On one hand, management costs telecommunications companies
these companies have to continuously upgrade their millions of dollars each year due to network failures that
network infrastructure to provide more services and to should have been prevented and detected early, due to
improve the quality of services. On the other hand, unnecessary expenditures caused by poor network
inter-operability of equipment in their network and planning, and due to telecommunications fraud resulting
between local exchange carriers (LECs) and inter- from inadequate network security measures against
exchange carriers (IXCs) make the management of the internal and external attacks.

signaling and the switching network a task with an
unprecedented level of difficulty and complexity. Not
only does an effective-and efficient means of network
management add to the assurance that the complex net-
work runs as desired to achieve a high degree of
reliability, availability and resource utilization, but it
also contributes to the planning of future network
growth based on the present working characteristics of
various network elements.

SS7 Data Manager (S7DM) intends to address the
complex issue of building a flexible and dynamic
platform that provides. sophisticated network
management functions. In the center of the STDM lies
the so-called problem/resolution library (PR library) that
is the foundation for STDM to respond to the ever-
increasing needs of dynamic network management.
S7DM is a client-server application that runs at the
application layer of the OSI Reference Model [1]. That

Network management is generally concerned with five is, STDM relies on the support of lower layer protocols
areas: fault, performance, configuration, accounting, such as TCP/IP to connect the server, the clients and the
and security. In reality, however, few systems and monitored network elements to transmit the real-time
applications provide a full functionality that covers all network data. Besides the PR library, the server also
the areas. Furthermore, few provide the flexibility to maintains a central database for the storage of collected
expand problem coverage as the network grows -network data. These data are necessary for network
resulting from the addition of new network elements and management and analysis to reach various network
- .the upgrade of existing network elements. There exists a management. decisions. STDM shall take most of its
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input data from SS7 network elements and store the data
in the central database. S7DM shall also be connected to
other legacy network management systems to help it
achieve network management functions. These systems
might have been specifically developed to perform
limited functions in certain areas such as configuration
and accounting management. Data that arrive at S7DM
and those that have been previously collected and stored
in the central database will be analyzed for discovering
network problems, for reporting network performance
statistics, and for unveiling potential security threats to
the SS7 network. S7DM intends to be the foundation for
a new generation of data management platforms where
intelligent and advanced management functions and
services can be implemented. These functions include,
but are not limited to, network problem diagnosis,
maintenance, intelligent message routing and rerouting,
future network traffic and performance prediction,
automatic network recovery and reconfiguration, and
security control of network access and usage.

This paper is organized as follows. In the next section,
we describe some example network problems and S7DM
solutions. In Section 4, we present the S7TDM hardware
structure and software architecture; identify major
S7DM components, discuss the architectural features of
S7DM, and show how the PR library can help S7TDM
achieve intelligent and pro-active network management.
In Section 5, we discuss some issues in the
implementation of S7DM. Finally, we conclude this
paper in Section 6 with discussion on some possible
future development directions.

3. NETWORK MANAGEMENT PROBLEMS

Technological advances in telecommunications have
greatly enhanced the level and the quality of services
that are offered to consumers. However, the lack of
hardware compatibility and software control and
management results in a lot of run-time operational
problems that can only be handled in real time by the
network management system. Unfortunately, few such
systems from equipment manufacturers and independent
software vendors are flexible enough to be able to handle
network problems that are not specified in the initial
product design and manufacturing. If a problem that is
discovered in real time is not in the specifications, it
cannot be recognized and is simply ignored by the
management system in most cases. The consequence
could be devastating because it may directly threaten the
reliability, availability and quality of services. Some
typical examples of SS7 network problems that cannot
be well handled by most SS7 network management
systems are presented in this section for demonstration.

3.1. STP SOFTWARE UPGRADE

Signal transfer points (STPs) are made in pairs in the
SS7 network to achieve high performance and a high
level of reliability and availability. In normal situations,
the mated STP pair share network processing load.
However, if one of them fails, the other is capable of
taking over the entire processing load for continued
services at a degraded mode. During software upgrade
in STPs, the mated STP configuration allows the new
software load to be installed and field-tested in one STP
with the other providing backup which assures that
services will not be disrupted due to software bugs and
problems in the new software load. Should a problem
occur in the STP with the new software load, processing
would be taken over by the mated STP with the present
software load. This structure of STPs and the transition
of services from one STP to the other is transparent to
the users, however.

When an error occurs while STP software load is being
changed because of errors in the new software, e.g., the
missing of routing table entries causes signaling
messages to be improperly routed, an alarm will be
generated and the mated STP with the present software
load will come forward and provide coverage for the
troubled STP. To the rest of the SS7 network, the mated
STP pair function correctly and the seriousness of the
problem in the new STP software load can be shielded
and therefore ignored. When the testing and transition
phase is completed, the new software is also loaded into
the mated STP to complete the software upgrade. It is
only at this time does the problem in the new software
load actually cause malfunctioning and interruption of
network services, a catastrophe to users and to the
reputation of the service company.

This problem along with the resolution can be
documented in the PR library so the S7TDM will be able
to catch the alarm caused by the failure of operation in
the STP with the new software load before it is applied
to the mated STP.

3.2. SYSTEM INCOMPATIBILITY

Network elements (switches, SPs, STPs, etc.) that are
manufactured by different vendors may not be fully
compatible due to implementation limitations and the
lack of a uniform interpretation of international
standards. Neither are the network management systems
developed for these network elements by the these
vendors or other software companies. This
incompatibility may causes network problems in the
interactions between local exchange carrier (LEC) and
inter-exchange carrier (IXC) equipment even if the
carrier company might have developed a common
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specification across its own switching and signaling
networks. Interactions between LECs and IXCs cannot
be avoided because IXCs rely on LECs to complete calls
and LECs rely on IXCs to reach out of their local access
and transport areas (LATASs).

Due to the lack of full compatibility between network
elements of LECs and IXCs, there exist instances where
certain messages and alarms passed from, say, a LEC, to
an IXC cannot be recognized by the management system
of the IXC, and vice versa. These massages and alarms
may indicate problems that originated in the network of
the LEC and may affect the normal operations of the
IXC. They may also indicate problems that have already
existed in the network of the IXC but, nevertheless, have
not been discovered by its network management system.
Such messages and alarms are usually ignored if they
cannot be recognized by the network management
system, however. Typically, they result in the network
elements in the LEC’s network and in the IXC’s
network to reach inconsistent states. Such
inconsistencies might be corrected by a synchronization
function initiated by either side of the networks.

The problems along with the resolutions can be
documented in the PR library so the STDM is able to
recognize the messages and alarms and to take
necessary steps to resolve the problems. This capability
would make these messages and alarms recognizable so
that appropriate resolutions can be used to correct future
occurrences of the same network problems.

3.3. PROCEDURAL DIFFERENCES

LECs handle requests from IXCs for received services.
For example, IXCs may rely on LECs to collect phone
bills long distance services. But each LEC handles such
requests differently. Therefore, IXCs cannot expect
LECs to respond uniformly to their requests. Since the
same request from an IXC to different LECs may trigger
different responses, the handling of the responses from
different LECs may need to be dealt with differently.
Furthermore, unilateral hardware and software upgrade
in the LEC networks requires that the network
management system of the IXCs be flexible enough in
such a dynamic environment. For changes in the LEC
network that may affect the normal operations in the
IXC network, necessary adjustment to the PR library is
all that is needed for S7DM to work in the new environ-
ment. This flexibility is necessary and important in any
network management systems to ensure the continuity of
services despite environment changes in the LECs that
are beyond the control of the IXCs.
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3.4. ALARM UNIFICATION

Most network management systems detect and report
merely local network problems that are constrained by
design specifications. When a network event occurs,
multiple alarm messages may be generated and sent to
the network management center. Moreover, more than
one network element could be affected by this single
event. Thus, this event may trigger all the affected
elements to generate their own version of alarm
messages to be sent to the network management center.
These alarm messages fill up the management console
quickly and are difficult for the support staff to correctly
diagnose the problems. It becomes even more
complicated if the affected elements are supplied by
different manufacturers because the alarms generated by
different elements for the identical event may not
consistently convey the same nature of the problem.
Therefore, a network management system must have the
intelligence to analyze and filter out redundant alarm
messages that result from the same network event and to
recognize and unify alarm messages from different
sources. This analysis should present to the support staff
the accurate nature of the network problems as well as
the proper actions for resolving the problems.

The PR library can support alarm message processing
and unification. This is achieved by establishing a time
frame for each message class and by aliasing the differ-
ent messages that correspond to the same network event
under a single class. Alarm messages of the same class
that arrive at the network management center within the
time frame will be treated as redundant messages for the
same network event and will be ignored. The parameters
that support these functions are dynamically established.

4. STDM SYSTEM ARCHITECTURE

The key to achieve this objective relies on a flexible and
dynamic system structure and software architecture and
design that is the subject of this section.

4.1. COMPONENTS AND INTERCONNECTION

There are three types of nodes in S7TDM interconnected
through a private network. They are the server node or
processing node, the management node, and the monitor
node. A node in STDM is a personal computer or a
workstation that runs S7DM software to accomplish a
distinguished set of tasks. These nodes also cooperate
with each other to perform the desired network
management functions. The three types of nodes as well
as their interconnection structure is illustrated in Figure
1. '
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The server node maintains a central database to store all
the data received from the monitor nodes. It also
maintains the PR library where monitored network
problem events are documented along with resolutions
to the problems if available. The PR library is logically
separate from the central database. Technically, it is not
a problem to combine the PR library with the central
database. For performance reasons, however, such a
separation would allow the storage and retrieval of
problems and resolutions to be performed much faster
because the PR library is a relatively small database.
Other than maintaining the databases, the server node is
also the place where most of the data processing takes
place. They include, but are not limited to, database
queries, alarm data and performance report collection
and processing, problem resolution initiation and
dispatching, system configuration and maintenance, and
system administration.

There are a number of active client nodes called
management nodes in S7DM. Management nodes are
the interface of system administrators and support staff
to S7TDM. The functions of the S7DM system
administrator include system and database installation,
configuration and maintenance, user account
management, event monitoring, and problem resolution
and validation, etc. The role of the S7TDM support staff
is to operate the S7DM to support and maintain the SS7
network. Note that the server node can also be a
management node. This makes the server machine both
a database server and a database client for the S7DM
system administrator as well as for the S7TDM support
staff members.

There are a number of passive client nodes called
monitor nodes in S7DM. The monitor nodes are
typically personal computers or workstations installed at
network elements in the SS7 network to monitor
problems and traffic into and out of the elements and to
forward alarm and performance data generated in
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correspondence to problems and traffic in the SS7
network to the S7DM server for storage and processing.
These nodes can be dynamically configured by the
S7DM system administrator for collecting, filtering, and
forwarding specified alarms and performance data to the
S7DM server.

4.2. SOFTWARE ARCHITECTURE

The S7DM software structure is depicted in Figure 2
which consists of four major functional components.
The User Presentation Part (UPP) interfaces the users,
i.e., the STDM system administrator, the SS7 support
staff and the regular users, to the database server and to
the monitor nodes. The main functionality of UPP
includes the presentation of various alarm and reports to
the users and the interpretation of user requests to direct
database and network operations. The UPP software is
running on the management nodes and on the server
machine and can be tailored to suit different execution
environments, e.g., Windows(3), X-windows, DOS, etc.,
for managing and supporting S7DM and the SS7
network. It is also the interface for the S7TDM system
administrator to administer and configure the individual
components of STDM.

The Data Processing Part (DPP) is the most important
component of S7TDM for its data processing and decision
making capabilities. In addition to receive, process and
dispatch data from the SS7 network, DPP also employs
an inference engine that uses the rules in the PR library
to reach resolutions for reported network problems. The
inference engine is the brain of S7TDM while the PR
library supplies the knowledge for intelligent pro-active
network management. The DPP software is running on
the server machine to serve user requests from the
S7DM system administrator, the S7TDM support staff
and the regular users.

The Database Management Part (DMP) manages the
database where all the data for managing the SS7
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network is stored. It also manages the PR library where
network problems and events monitored by S7DM and
their resolutions are stored. These include the handling
of all requests from the DPP and from the Monitor
Management Part (MMP). DMP provides the only
means through which other components of the S7TDM
access the S7DM database and the PR library. The DMP
resides on the server machine along with the central
database and the PR library.

The Monitor Management Part (MMP) carries out the
actual monitoring functions for STDM at the network
elements to collect specified network data. After limited
processing and filtering, MMP sends the data to the
server machine for storage and processing. When the
data arrive at DPP, they will be processed and destined
to various components of STDM. If the data that arrive
at the DPP indicate that an alarm has been raised in
some network elements, the PR library will be consulted
for resolutions and the alarm along with the resolutions
will be forwarded to the designated management node to
inform the S7DM support staff of the problems and the
resolutions to the problem. The alarm data will also be
saved in the central database and in the PR library for
knowledge accumulation. If the data are regular traffic
report, they will be directly stored in the central database
for periodic processing by the DPP to generate
performance reports to the S7TDM support staff.

The advantages of structuring the software system of
S7DM in the way illustrated in Figure 2 are as follows:

(1) This software organization identifies the individual
components that can be developed in parallel by
different groups of engineers or vendors. These
components can then be integrated together with
well-defined interfaces.

(2) This software organization allows readily available
system development tools to be used for the
implementation of each component. This would
greatly reduce the total effort and the length of time
needed for S7DM implementation.

(3) This software organization identifies the Data
Processing Part (DPP) as the center of STDM where
all data processing and intelligent decision making
functions are implemented. On the other hand, the
level of sophistication of DPP would not in any way
affect the correct functioning of the other software
components of S7TDM. Therefore, future evolution of
the DPP towards higher degrees of sophistication
and intelligence would be a smooth process.

4.3. THE PR LIBRARY

The problem/resolution library (the PR library) is the
foundation for the implementation of pro-active and
intelligent network management in S7DM. It stores and
supplies the knowledge to the inference engine to derive
resolutions to alarms and network problems, to predict
future network problems and performance bottleneck
based on present network behaviors, and to reach other
conclusions for network management purposes.

The knowledge in the PR library is represented in the
form of rules that are dynamically controlled for
addition, modification and deletion. New knowledge on
resolving network problems is entered into the PR
library as new rules to augment existing resolutions and
conclusions. Conflicts with existing rules will be flagged
and resolved by S7DM support staff based on statistical
and analytical data and based on past experience.

There are two types of rules in the PR library: fact rules
and deduction rules. A fact rule conveys a fact: a
conclusion or a resolution. Fact rules represent the
ultimate knowledge for resolving known problems and
reaching definite conclusions. A deduction rule
expresses a relationship between various network events
for the purpose of reaching final conclusions. Deduction
rules represent logic and intelligence for resolving
complex problems or deriving implicit natures of
problems. Problem resolution usually starts with a
deduction rule and ends with fact rules unless the
problem is straightforward and resolutions are known
and documented in the PR library as fact rules. This
process creates a search tree with the initial problem
deduction rule at the top and with the fact rules as the
leaves. Therefore, heuristic search methods can be
employed in the inference engine to minimize the
average length of time needed for problem resolution.

4.4. MAJOR S7DM ACTIVITIES

The following major activities inside S7DM are
identified:

(1) S7TDM installation and configuration by the S7DM
system administrator.

¢ The installation procedure shall be uniform across
the entire platform of STDM. This requires that the
procedure prompt for the type of node that the
current installation and configuration, load only the
applicable set of modules and components, and run
the necessary configuration steps.

¢ Configuration of S7TDM includes the establishment
of user profiles and the assignment of appropriate
roles and access privileges to the users. User access

16392



Q

privileges are confined to the individual node
machine where the privileges are clearly defined.
Therefore, a user can be an S7DM support staff
member on one management node but only a regular
user on another. The establishment of network-wide
roles and access privileges for users becomes feasible
and its trustworthiness can be justified only after
proper network authentication and authorization
mechanisms are implemented.

Configuration of S7DM also includes the
establishment of the initial PR library on the server
machine. The initial PR library may contain only
those events that are derived from the specification
for the monitor nodes. It could also contain other
problem events that have been detected during daily
network operations or discovered via special network
configuration testing.

Furthermore, the central database is initialized; that
is, the schema of the database is defined although the
database itself may not contain any meaningful data
from the monitor nodes.

(2) Network event monitoring.

e The PR library serves as the profile for dynamic
network problem and event monitoring.

¢ After initial configuration, subsequent events to be
monitored are entered into the PR library by the
S7DM support staff but need to be validated by the
S7DM system administrator before monitoring of
these events can take place in the monitor nodes.

* Alarms previously not in the PR library, thus are not
currently supported by S7TDM but, nevertheless, have
arrived at the monitor nodes, can be transmitted to
the server node for storage and processing and to
designated management nodes. After thorough
analyses, these alarms can be entered into the PR
library along with possible ways of resolving the
corresponding problems. Afterwards, pro-active
monitoring of these events can be carried out at the
monitor nodes.

(3) Alarm generation and reporting.

@ An alarm that arrives at the monitor nodes should be
transmitted to the server machine.

» After being processed by the Data Processing Part
(DPP) of STDM, the alarm will be forwarded to an
S7DM support staff member or a group of members
at a management node who is assigned the
responsibility of resolving the corresponding
network problems.

ERIC
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¢ The STDM support staff member will be provided
with a list of resolutions to the problems. These
resolutions are derived from the PR library to aid the
S7DM support staff member in the resolution of the
problems. :

¢ STDM will also try to resolve the corresponding
network problems corresponding automatically if the
PR library rules indicate that the resolutions can be
initiated automatically without human intervention.
Typical such problems can be fixed by re-
synchronizing or resetting network elements by
automatically initiating the proper procedure. In this
case, a report will be generated and sent to the
S7DM support staff to record the activity. The level
of such automation depends on many factors, among
which are the level of sophistication of STDM and
the level of complexity of the problems and their
resolutions, which is beyond the scope of this paper.

(4) PR library update.

e After a problem is resolved either automatically by
S7DM or manually by a field engineer, a report is
filed with the responsible S7DM support staff
member who in turn will be responsible for entering
the resolution into the PR library, a process of
knowledge accumulation and intelligence
enhancement in STDM.

* However, the updated PR library needs to be
validated by the S7TDM system administrator before
it can be used for future pro-active event monitoring
at the monitor nodes.

(5) Regular users can log into S7TDM, issue queries for
alarm. data and performance reports, and
communicate with the S7TDM system administrator
and support staff for additional services such as the
monitoring of new network events of their interests
and responsibilities. In return, these users may be
charged for the functions and services that STDM is
requested to provide to them.

4.5. ARCHITECTURAL FEATURES

The most noticeable feature of STDM is its flexibility
and scalability to support and monitor a large number of
network events. This is achieved through the use of the
PR library as the dynamic system configuration profile
for the specification of network events to be monitored
and documented. Network problems that have already
been documented in the PR library help speed up the
resolution process by offering possible causes and
resolutions to the problems. Network problems that do
not exist in the PR library will be recorded in the PR
library along with resolutions to the problems that are
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entered by network engineers based on actual resolution
experience. The PR library relieves network
management from relying on human knowledge to
resolve every instance of a problem through automating
the resolution-finding process. This is especially
important if human intervention to resolve problems can
be completely replaced by automatic start of certain
defined procedures. This is especially feasible whenever
reconfiguration of certain network elements is all that is
needed to resolve a problem or to respond to poor
network performance.

To support a flexible and scaleable network
management system like S7DM, the monitoring
component must be able to be dynamically configured so
that all alarms that have been raised in the monitored
network elements will be sent to the S7TDM server
machine, even they are not in the initial specification of
the monitoring component. This requires that the
monitoring component allow dynamic configuration as
to what events need to be monitored along with the
criteria or threshold values to filter alarms and events
and to send them to the S7DM server machine.
Furthermore, this dynamic configuration should allow
the use of wide card characters and strings to cover a
wider range of network events than those that have been
known and specified.

5. STDM IMPLEMENTATION

The development of S7TDM requires the determination of
a general network management system as the platform
on which various functions of S7DM can be
implemented. This general network management
platform should be based on the open systems
technology, support major database management system
(DBMS), and have a large number of network
management applications available. The key towards the
successful implementation of S7TDM then relies on the
identification of such a DBMS as well as various
network management applications software that meet
the requirements and specifications of STDM. It also
relies on the integration of the DBMS and the
applications software. This approach allows us to take
advantage of the state-of-the-art technology in network
management, database development and applications,
and artificial intelligence. It also provides S7TDM with
the flexibility to dynamically grow with technological
advances in network management and to easily adapt to
new operations environments as the needs arise and as
management requirements change. Should additional
network management applications be identified that is
able to provide the desired functions required by S7TDM,
these applications could be easily integrated into S7TDM.

RIC
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S7DM shall be a client-server network management
application. The server machine is responsible for the
management of the central database where network data
are stored and for that of the PR library where network
events along with their resolutions are documented. The
server machine is also responsible for the processing of
user requests to access data and that of the alarm data
sent from the SS7 network elements. In addition, the
S7DM  system administrator performs network
configuration functions and user account management
functions from the server machine. With sophisticated
network authentication and authorization mechanisms,
these configuration and management functions can also
be carried out from client machines, however. The client
machines generally carry out functions that interface
S7DM to various users and to the SS7 network. The
advent of the distributed database technology for
achieving a high degree of reliability and availability
will eventually make the distinction between server
machines and client machines less significantly. The
roles of the various users of the system, i.e., the STDM
system administrator, the S7TDM support staff and the
regular users, will remain the same. This evolution
process should be seamless and should not in any way
affect the normal operations of S7TDM, however.

The DBMS in S7TDM should be based on the client-
server architecture and be. able to support applications
that process a large amount of data. It should also have a
wide base of network management applications that can
be readily integrated together to provide STDM with
desired SS7 network management functions. The DBMS
will fulfill the functionality specified for the database
management part (DMP) in the S7DM software
architecture to manage the central database and the PR
library. All requests to store and to access the data must
be made through the DBMS interfaces. The DBMS will
mostly run on the server machine where the central
database and the PR library reside. Depending on how
other network management applications are integrated
and interact with it, the DBMS may need to have its
client modules run on client machines to provide users
with the means of accessing the database data. In this
case, client software needs to be acquired as part of the
User Presentation Part (UPP) and that of the Data
Processing Part (DPP). The applications themselves
should provide a unified interface for accessing the
DBMS.

The Data Processing Part (DPP) of S7TDM will be
comprised of a set of applications that perform various
network management functions specified in the STDM
requirements. One of the most important among them is
the alarm collection and processing application that
takes input data from the monitor nodes as well as any
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other sources that feed useful information into S7DM,
processes the data to reach conclusions regarding
network problems and resolutions, and generates desired
reports on these problems and resolutions as well as
reports on system performance statistics, network
security threats, etc. These applications fulfill the
functionality under the DPP and the UPP. They also
work closely with the DMP for storing data into and
retrieving data from the central database and for making
use of the rules and knowledge in the PR library to
perform intelligent data processing and analysis. These
applications need to be integrated well with the Monitor
Management Part (MMP) to receive data from the
monitor nodes where S7TDM can retrieve information to
perform the desired tasks.

Finally, the Monitor Management Part (MMP) software
is primarily responsible for the collection of data from
the monitor nodes and for the transmission of the data to
the DPP that runs on the server machine.

6. CONCLUSIONS

We described various aspects of S7DM including
network management problems that S7DM intends to
resolve. The key to achieve its objectives is the
development of a flexible and dynamic network
management platform which in turn is achieved through
the PR library. The S7TDM hardware and structure is
described and the software architecture is presented and
illustrated by the decomposition of S7DM into
functional components during analysis and design and
by the integration of the components during
development and implementation. We also discussed
some S7DM system implementation issues as to how
individual components of the STDM software system
can be obtained or developed to provide an integrated set
of network management functions.

Although the present S7DM development centers
primarily around fault and performance management of
the MCI's SS7 network, additional management
functions can be similarly identified, developed, and
integrated into STDM to achieve other functionality in
the areas of configuration management, accounting
management, and security management. For configura-
tion management and accounting management,
adequate network-wide policies have to be established
and used against the data that are collected from the SS7
networks during analysis. For security management, in
addition to network-wide security policies regarding
authentication and authorization, appropriate software
mechanisms may be implemented to enforce these
policies. Security mechanisms that correctly implement
the authentication and authorization policies also help

the S7TDM perform its management functions in general.
For example, proper network authentication enables the
S7DM system administrator to perform its duties from
any machine that is mostly convenient. This eliminates
the requirement that such administrative functions be
done through the dedicated server machine. Network
authentication as well as network-wide authorization
mechanisms can also be used to guard against internal
and external threats that are the causes to
telecommunications fraud and the millions of dollars in
lost revenues each year to service companies.

The capability of S7DM’s functional extension to
include additional and advanced network management
functions rests on the open systems technology on which
S7DM development is being carried out. Because of the
flexibility of as well as a wide support to the open
systems technology, S7DM can continuously evolve
even after deployment. Not only does this evolution add
new network management functions into S7DM as the
ever-changing needs of MCI's dynamic network
environment, it also involves the identification and
integration into S7DM of internal and external data
sources that are determined to be wuseful in
accomplishing various network management functions.
As more and more functions are identified and
implemented into it, STDM will gradually become a
multipurpose software system and a development
platform on which various other network functions are
implemented as long as they can benefit from the
functionality offered by the base S7DM. This feature of
S7DM is even attractive and can be supported by the use
of the PR library in the S7TDM architectural design
because this library constitutes the brain of an intelligent
base for S7TDM that is able to accumulate more and
more knowledge over time and may find the knowledge
to be equally useful in various other network
applications.

NOTES

(1) This author’s address is MCI Telecommunications
Corporation, 8003 Westpark Drive, McLean, VA
22102, USA.

(2) STDM supports both ANSI and ITU-T versions of
the SS7 protocols.

(3) Windows is a registered trademark of Microsoft
Corporation. :
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Abstract

This paper proposes the Temminal Access State Model that is a high-level description of the Call/connection related
Radio Access Control Function activities required to establish and maintain a terminal access between a mobile terminal
and the network. We add two Point in Calls and one Detection Point to the ITU-T Temminal Access State Model, and
defines entry and exit events on the new Point In Call. The proposed model provides Call/connection related Radio Access
Control Function activities required to process the handover feature.

l. Introduction

The Intelligent Network Capability Set-1(IN CS-1) was
recently standardized in the Intemational
Telecommunication Union - Telecommunication
standardization sector(ITU-T). Since the development of
the IN CS-1 focused mainly on fixed network applications,
the IN CS-1 was not able to support terminal mobility
service features. Temminal mobility supports a wireless link
between the user's mobile terminal and fixed network
access points to provide freedom of movement for the
user during the use of telecommunication services.

To provide terminal mobility services, the Intelligent
Network Capability Set-2(N CS-2) defined initial
Distributed Functional Plane(DFP) architecture that
includes new functional entities(FEs) such as Radio
Access Control Function (RACF) and Radio Link
Function(RLF). The RACF provides “call connection
related” functions to manage a radio link(for example,
teminal paging and radio link setup that consists of the
allocation of network resources to support the radio link
during call origination, delivery and handover). Also, it
provides “non-call/connection related” functions (for
example, terminal registration, temminal authentication)
that are associated with neither call nor bearer connection.
The RLF assists in providing network access to user. It is

the interface between the user and the call /connection
related functions (for example, radio frequency
transmission and reception) as well as the interface
between the user and non-call/connection related
functions{1].

The initial architecture enhanced to support the various
regional proposals as well as envisioned implementations.
In the proposed enhancements, the RACF separates into
Call/lconnection related Radio Access Control
Function(CRACF) and Non-call/connection related Radio
Access Control Function(NRACF){2].

In this paper, we deal with CRACF and Temminal
Access State Model(TASM). The TASM is a high-level
description of the CRACF activities required to establish
and maintain a terminal access between a mobile
temminal and the network. At the ITU-T Q.6/11 meeting in
Berlin, a Temminal Access State Model(TASM) was
discussed and was included in draft Q.1224(3]. To support
handover, this paper proposes redefined the TASM and
descriptions of the states on the model. It provides
CRACF activities required to process a handover feature
and clarifies entry and exit events of each state.

Il. Overview of the IN CS-2 DFP Architecture
For Terminal Mobility
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2.1. IN CS-2 DFP Modeling

The RACF contains two categories of functionality,
call/connection related and non-call /connection related
functionality. Due to the diverse nature of the
call/connection related and non-call /connection related
aspecis of the RACF, it is possible that these functions are
implemented on the different platforms. Therefore the
intial IN CS-2 DFP architecture should accommodate
such implementations. Figure 1 illustrates a refinement of
the IN CS-2 DFP architecture. This architecture is refined
as follows.

Service Management Function
Service Management .G:!“’
AgentFunctiog e SDF

' Service Data
Function

Service Creation

Environment Function

Service

| Specialized
{ Resource
§ Function

Radio Control 7 Call Control
Function 4 Function
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Bearer Connection Control

= = Non-IN Call Control

=== Non-call, Non-Bearer Associated IN Service Control
and Radio Bearer Assoicated Control

== Radio Bearer Connection Control

CRACF: Call/connection related

Radio Access Control Function

NRACF: Non-call/connection related
Radio Access Control Function

Figure 1. IN CS-2 DFP for Terminal Mobility

(1) The RACF splits into two separate FEs, Call
fconnection related Radio Access Control
Function(CRACF) and Non-call/connection related
Radio Access Control Function(NRACF).

(@ Enhancements to the Call Control Agent Function
(CCAF) and Call Control Function(CCF) for wireless
access have been indicated by the “+" notation added
to the acronym, CCAF+ and CCF+. Therefore, it is
appropriate  for the CCAF+ to represent the

functionality indicated by the RLF, the accommodated
architecture consolidates two FEs into CCAF+.

(3) The RACF may possibly be located in other network
elements than the Radio System(RS). In such a case,
RS would still contain network functionality but such
functionality was not adequately reflected in the
functional architecture. Therefore, an additional FE,
Radio Control Function(RCF), is added to the initial IN
CS-2 DFP architecture.

2.2 Terminal Mobility Service Features

In the mobile networks, the following mobile specific
control conceming to connection handling are generally
needed; (1) mobile call origination and termination, (2)
routing to the mobile terminal, (3) terminal paging, and (4)
handover.

Mobile call origination is a feature by which a user can
make an outgoing call from any terminal. Mobile call
termination is a feature by which incoming calls to a user
are presented at the terminal address registered
previously by the user. Routing enables a call to be routed
to a switch controlling a cell where a called mobile
terminal locates, according to the terminal location
information. Temminal paging is invoked when a call is
terminated to the mobile terminal to determine the radio
zone where terminal locates and to establish the bearer
connection to the terminal[4).

Figure 2 shows example scenario for mobile call
origination and termination on the IN CS-2 DFP
architecture.

® When a mobile terminal attempts a call setup with the
network, RCF establishes a wireless bearer
connection between the mobile terminal and network
and sends Terminal Access Attempted event to the
CRACF.

@ If the Service Control Function(SCF) accepts the
access of the mobile terminal to the network, then
CRACF requests RCF to establish wire bearer
connection.

@ The RCF establishes wire bearer connection, and
adapts wire bearer to the comesponding wireless
bearer.



@ The SSF/CCF sends InitialDP operation to the SCF to
invoke IN service fogic.

® The SCF instructs the CRACF in the location
registration area of the terminating mobile terminal to
execute terminal paging.

® If the CRACF receives a terminal paging response
from the temminating mobile terminal, it retums the
response to the SCF.

@ The SCF determines the final routing information and
sends Connect operation to the SSF/CCF.

The SSF/CCF connects originating mobile terminal to
the terminating mobile temninal.

1'. 2 . o Q°° ¢
Tal-‘mmnl Terminal T Q°°’ eb
A “: / Access Q-a &
ttempt Authorized

4.
InitialDP

8.Radio

Originating

Mobile Terminating
Terminal Mobile

Terminal
Figure 2. Mobile Call Origination and Termination

Handover occur when a mobile terminal moves from
one radio zone to another radio zone during
communication. This paper considers three scenarios of
handover as shown in Figure 3[5].

In scenario 1, new radio resources are selected under a
RCF that is different from the one that controls the existing
radio bearer while the RCFs are controlled by the same
CRACEF. In scenario 2, new radio resources are selected
under a RCF that is different from the one that controls the
existing radio bearer while the RCFs are controlled by
different CRACFs(but under the control of the same
SSF/CCF). In scenario 3, new radio resources are
selected under a RCF that is different from the one that
controls the existing radio bearer while the RCFs are
controlled by different CRACFs, each of which is under
the control of different SSF/CCF.

2. Handover Connection Sctup
4'. Radio Bearer Setup Resp.

3. Bearer Setup Req.
5. Bearer Release Req.

Terminal ‘... Handover .. T?::ii::u
Scenario 1. Controlled by the same CRACF

2. Handover
Connection Setup

Scenario 2. Controlled by the different CRACF which is
under the control of the same SSF/CCF

Mobile Handover .~ Mobile
Terminal Terminal

Scenario 3. Controlled by the different SSF/CCF

Figure 3. Information Flows for Handover
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lll. A Proposed TASM for Handover

The TASM identifies a set of call/connection related
activities in the CRACF. Main concept of the model is
similar to the BCSM of the CCF. The ITU-T Q.1224
draft recommendation provides a TASM that consists of
seven Point In Call(PIC)s and five Detection
Point(DP)s{3].

In this paper, we add two PICs and one DP to the
model for handover feature as shown in  Figure 4. The
functions for each of the PICs are as follows.
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Figure 4. A Proposed Terminal Access State Model
1) Null

The mobile terminal has not accessed the network,
and the state information of the mobile terminal in the
network is “idle." If it receives an indication of terminal
access from the mobile side, then it occurs Terminal
Access Attempted(DP 2) and invokes the Radio
Setup(PIC 4). When it detects a request of paging from
the SCF, it invokes the Paging(PIC 2). In the case of
handover, the request of new bearer setup from the CCF
is caused start of the Radio Setup(PIC 4).

2) Paging

For the terminating call to a user on the mobile terminal,
paging of the mobile terminal is being executed. When

-the mobile temminal ‘response to the paging request is
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received, then it occurs Paging Response Received(DP
1) and invokes the Temminal Access Reserved(PIC 3).
When the mobile side does not respond to the paging
request before the paging timer expire, it occurs No
Response(DP 6) and transits to the Exception(PIC 9).
When it receives Terminal Access Abandon event from
the SCF, it transits to the Null(PIC 1).

3) Terminal Access Reserved

In this state, the Paging Response Received(DP 1)
has been accepted and access of the mobile
terminal to the network is being reserved. When
Bearer setup requested from the CCF is detected, it
invokes the Radio Setup(PIC 4).

4) Radio Setup

Access of the mobile terminal to the network has
been accepted and radio channel is being setup.
When the radio channel between the mobile
terminal and the network is established, it transits to
the Active(PIC 5). If the radio channel between the
mobile terminal and the network is failed, then it
transits to the Exception(PIC 9) causing setup failure
event.

5) Adtive

Access of the mobile terminal to the network has
been established and radio channel is being
provided to the CCF. Events such as setup of a new
call, release of a call, or initiation of handover is
being monitored. If the initiation of handover event
is received, then it occurs Handover requested(DP 3)
and invokes the Handover(PIC 6).

6) Handover

it reports handover initiation to the CCF, and Bearer
release requested event from the CCF is being monitored.
If release request event from the mobile terminal is
detected, then it occurs Temminal Access released
requested(DP 4) and transits to the Terminal Access
Released(PIC 7)

7) Temminal Access Released
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Release of all calls on the mobile terminal has

resulted in the release of the mobile terminal access.

The access and all the related resources are being
released.

8) Radio Release

When Bearer release requested event from the
CCF is received, access and the related resources
are being released.

9) Exception

Default handling of the exception condition by
the CRACEF is being provided.

IV. Conclusions

To support handover, this paper proposes redefined
the TASM and descriptions of the states on the model. it
provides CRACF activities required to process a handover
feature and clarifies entry and exit events of each state on
the proposed model.

Further study on the call segment manipulation for
mobile calls will be done to implement the associated and
the multi-party calls. Furthermore, research on how
handover procedure impacts on the SSF/CCF should be
continued.
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ABSTRACT

Competition among telecommunications service providers within the Pacific Rim will accelerate the introduction of new
network-based services. Competition among the interexchange carriers in the United States has resulted in a significant
increase in the number of new enhanced services offered and a dramatic decrease in the time allowed to bring them to
market. The traditional, closed-architected switch, where a single vendor supplies the switch hardware, software and
applications, does not provide the required degree of flexibility and openness demanded by this new competitive
environment. In the last few years, open programmable switching platforms have emerged as an effective enabling
technology in the rapid development and deployment of new enhanced services. Moreover, for new telecom service
providers, such platforms can form the switching foundation for both basic and enhanced services.

1. COMPETITION AS A DRIVING FORCE BEHIND
ENHANCED SERVICES DEPLOYMENT

In any industry, competition serves as the driving force
"behind product differentiation, innovation, and time-to-
market. Competition  within the worldwide
telecommunications service provider market is in its
early stages. Still, it is clear to all that this market is
going through a major transition, primarily as a result of
divestiture in the United States and privatization
internationally.

Figure 1 illustrates the current state of the
telecommunications service provider market and the
forces driving its evolution. The matrix plots the current
market based on two criteria: the degree of competition
and the level of the telecommunications infrastructure.
The United States has an advanced telecommunications
infrastructure, with the InterExchange Carriers (IXCs),
AT&T, MCI and Sprint, engaged in increasing levels of
competition (upper-right quadrant). While these carriers
certainly compete on price, differentiated enhanced
services have emerged as strategic competitive tools (see
Section 4 for examples of these services).

Traditionally, the Regional Bell Operating Companies
(RBOCs) in the U.S. and Public Network Operators
(PNOs) in Western Europe and areas of Pacific Asia
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enjoyed the benefits of highly advanced infrastructures
and a relatively low level of competition (lower-right
quadrant). This is changing rapidly, with expected
legislation in the U.S. opening up local - networks to
competition. Outside the U.S., plans for privatization are
being made in most of the developed countries.

A significant force behind RBOC and PNO competition
is the emerging telecommunications providers: the
expansion of cellular through digital technologies and
micro-cellular underlay systems, the spectrum auction in
the U.S. and subsequent PCS infrastructure deployment,
the continued growth of Competitive Access Providers
(CAPs), and the application of hybrid fiber-coax systems
for the deployment of telephony services (upper-left
quadrant).  As these emerging players build their
telecommunications infrastructure, they will move to the
right on the matrix, and force the RBOCs and PNOs to
become more competitive.

In most developing countries, there is little competition
and a great need to build telecommunications
infrastructure (lower-left quadrant). In these countries,
what is normally considered an enhanced service, such as
voice mail, provides a necessary starting point for
infrastructure deployment. Customers have individual
voice mail boxes, but use public phones to post and
receive messages.

_
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FIGURE 1. TELECOMMUNICATIONS SERVICE PROVIDER MARKET .

Stll, in a free market economy where
telecommunications is more deregulated, all roads lead
to the upper-right quadrant in Figure 1. As we have
already witnessed with the IXCs, differentiated enhanced
services innovation and rapid time-to-market are crucial
competitive weapons. As we describe later, open
programmable switching is emerging as a key enabling
technology to drive this competition.

2. OPEN VS. CLOSED SWITCHING

During the last 25 years, communication network
technology made great strides toward open network
architectures. Standard network interfaces (e.g., ISDN
bearer and signaling channels, SS7, X.25, TCP/IP, Frame
Relay) were defined, enabling different systems to
communicate” using layered, peer-to-peer network
protocols.  This, in turn, allowed one to build
communications network infrastructures made of a
variety of equipment from different providers. From a
basic transport perspective, this is an effective means of
building voice and data internetworks.

However, despite having open network interfaces, the
system architectures used to build network switches are
typically closed. That is, the switch vendor supplies the
hardware, software and all applications that reside on-the
switch. Switching equipment customers depend
exclusively on the switch vendor for all upgrades and
application enhancements to the switch. This makes it
difficult to rapidly deploy new enhanced services as a
means of  differentiating among competing
telecommunication service providers.

This is similar to the early days of word processing,
where one vendor supplied the system hardware,
software and applications. The introduction of the PC
‘represented a clear trend away from closed-architected
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computer systems towards open-architected PCs that
support multiple applications with different and
competing vendors supplying various hardware and
software components. We expect the
telecommunications industry to follow this same trend
toward open systems architecture, as evidenced by the
current deployment of open, programmable switching
platforms.

3. OPEN PROGRAMMABLE SWITCHING

Open programmable switches, such as the Summa Four
VCO® Series 80 switching platform, have been widely
deployed by PTTs, IXCs, RBOCs and cellular providers
as the core switching vehicle within a Service Node
adjunct to the Central Office (CO) switch (see Figure 2).
The CO switch provides basic services,. while calls
requiring enhanced services are routed to the attached
Service Node for handling. Here, the open
programmable switch within the Service Node allows for
the rapid development and deployment of enhanced
services provided by a wide range of host software
developers.

As with traditional telephony switches, programmable
switches offer a wide variety of standard analog (e.g.,
SLIC, E&M, DID) and digital (e.g., T1, El, J1)
interfaces, along with standard signaling interfaces (e.g.,
S§S7, ISDN D-channel). In addition, programmable
switches typically offer a variety of internal service
resources such as digital tone generation, DTMF and MF
receivers, call progress analysis, conferencing, and
prompting/recording  functions. But the key
differentiator of a programmable switch is the ability to
flexibly and efficiently control every element of a call
path. A :



With an open programmable switch, the call model is not
pre-defined, with the switch control architecture then
built around it. The call model is defined by the
application developer. The service logic that results

from the specified call model resides in the host’

controller. To reduce host loading and improve the
overall efficiency of the Service Node, service logic
macros may be programmed into the switch and then
executed under control of the host application. In
addition, advanced programmable switches offer
resource management functions, where the location and
utilization of network interfaces and service resources
are managed by the switch. Expensive service resources
(e.g., speech recognition) are only applied to a call for
the minimum duration required, and then quickly
returned to a resource pool for use by other calls. The
switch and its resources are controlled by the host
application through a specified application programming
interface (API) (see Figures 2 and 3).

A telco capable open programmable switch offers one
the ability to:

¢ Program and customize the switch depending on the
specific requirements.

e Select best in class service resources and intelligent
network host applications.

 Control every element of the call path, without
which application development becomes costly and
time-consuming.

* Achieve transparent connectivity between the CO
switch, host and service resources, which are the

" building blocks of virtually all intelligent network
applications.

e Achieve full compliance with central office
standards.

4. EXAMPLES OF ENHANCED SERVICES
APPLICATIONS ENABLED BY OPEN
PROGRAMMABLE SWITCHING

There are numerous examples of how open
programmable switching is used to deploy enhanced
services. Below we provide a brief description of a few
of these to illustrate the diversity and capability that this
approach offers. '

800 Call Redirect: An 800-number call initially
answered by a service representative in one location is
re-directed by a programmable switch to the sales office
closest to where the customer has called. In this way, all
of the customer's needs are handled with a single 800
call.

Voice Activated Dialing: A programmable switch
forms the foundation of an application where a call is
dialed simply by speaking into the phone the pre-
programmed name of the person you wish to reach. This
application is a good example of how rapid time-to-
market with key service differentiators are crucial to
gaining new business. Both IXC and cellular
environments have used this service.

Service Node

CO Switch

; - Host Controller
T1/E1 =
| ISDN | L -
SS7 -
Basic Services Programmable Service Resources
Switch

FIGURE 2. OPEN PROGRAMMABLE SWITCHING WITHIN A SERVICE NODE ENVIRONMENT
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FIGURE 3. REFERENCE MODEL FOR OPEN PROGRAMMABLE SWITCHING.

Cellular Call Screening: Cellular subscribers screen
calls by listening to a verbal announcement of who is
calling, and then have the option of receiving or refusing
the call. This eliminates the end-user’s (subscriber’s)
cost of receiving unwanted calls.

Voice Mail: Programmable switches are deployed in the
delivery of voice mail services to RBOC, cellular and
other telco customers.

Information Retrieval: Programmable switches are
used to provide traders with up-to-the-minute
information on stocks, commodities and bond trading
and prices. Users can subscribe to voice, fax or a
combination of service responses.

5. OPEN PROGRAMMABLE SWITCHING WITHIN
THE AIN FRAMEWORK

With the adoption of the Advanced Intelligent-Network
(AIN) (and more generically the Intelligent Network)
framework (see Figure 4) by traditional telecom service
providers, the main functions of a Service Node are
divided between the Service Control Point (SCP) and
Intelligent Peripheral (IP). Call routing functions are
triggered after some or all of the dialed digits are
collected and sent to the SCP. The SCP, architected for

high-volume, transaction-oriented database functions,
can efficiently translate the collected information to the
appropriate destination address.

The interactive and processing intensive services, such as
dynamic call routing, call screening and voice dialing,
present in many enhanced services are developed and
deployed using an IP. Here again, as with the Service
Node illustrated in Figure 2, an open programmable
switch and host application environment allows for the
management, control and efficient utilization of
expensive service resources. Distributing service logic
segments in the IP host controller, together with the
flexibility of the programmable switch, allows for the
creation of new, caller interactive services beyond those
envisioned by current AIN specifications.

6. FUTURE TRENDS: MERGING OF BASIC AND
ENHANCED SERVICES SWITCHING

Using an open programmable switch attached to an
existing CO- switch (in either a Service Node or
Intelligent Peripheral application) represents an ideal
vehicle to achieve the benefits of programmable
switching in existing telecommunications service
environments.

. 'S
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FIGURE 4. REFERENCE MODEL FOR THE ADVANCED INTELLIGENT NETWORK

However, the wireless, cable and competitive access
providers (left-upper quadrant in Figure 1) urgently need
to build infrastructure and differentiate with enhanced
services as they begin to compete with each other and
with the established RBOCs and PNOs. Although these
new service providers may choose to keep the basic and
enhanced services switching functions separate, a more
flexible and cost-effective solution is to combine these in
a scaleable, open programmable switch. A distributed
switch deployment, using an open programmable
switching platform, provides an emerging service
provider with a competitive telecommunications network
infrastructure on which to grow its business. We believe
that this segment of the market represents the largest
potential for rapid growth and deployment of open
programmable switches.

7. CONCLUSIONS

Where there is competition among telecommunications
service providers, one finds the greatest need for service
differentiation, innovation, and rapid time-to-market.
This is also where one finds the greatest need for open,
programmable switching platforms. Given the closed
system architecture of existing CO switches,
programmable switches are typically deployed as
adjuncts today. That is, they are used as the core switch
within the Service Node for enhanced services
provisioning. Even with the deployment of AIN, the IP
will take on the processing intensive functions requiring
interaction with the calling and/or called parties. Here
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again, a programmable switch provides the means by
which best-in-class service resources can be controlled
and managed within the IP. With the extensive
deployment of closed-architected CO switches by
existing telecommunications service providers, along
with increasing competition among service providers,
programmable switches will find greater application
within these established networks.  Moreover, as
emerging service providers (e.g., wireless, cable, CAP)
build telecommunications infrastructure, programmable
switching will likely play an important role in providing
both basic and enhanced services.
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INTRODUCING TELEDOME SERVICE

Making effective use of the Network Infrastructure in the Age of Multimedia

Naoki Takeda, Ryoji Tsukamoto, Tatsuya Ohtsubo
NIPPON TELEGRAPH AND TELEPHONE CORPORATION

Business Communication Headquarters Network Services Department

1-1-6 Uchisaiwai-cho Chiyoda-ku Tokyo Japan

1. ABSTRACT

In the emerging multimedia era, individuals and companies will find increasingly strong need to access information
without delay. Existing telephone networks congest when large numbers of calls are simultaneously placed to the same
number. To solve the problem, NTT developed 'Teledome’, a mass information service through which Information
Providers can simultaneously transmit information to millions of callers from a single recording source. This paper traces
the development of Teledome, describes its major features, and discusses some current applications.

2. INTRODUCTION

To meet the increasingly sophisticated service demand of
the emerging multimedia era, NTT plans to offer optical
access network nationwide by the year 2010. To
accomplish this, NTT is working closely with customers
to understand their needs. NTT is also conferring with
information providers and manufacturers to explore
cooperative ventures that could help satisfy those
customer needs.

A distinguishing feature of the age of multimedia is that
we are increasingly able to get the information we need
anytime and anywhere we need it. Individuals and
companies more and more see this recently gained
capability as an absolute requirement. The net result is a
large and growing number of calls involving the
communication of a great deal of information. Installing
optical cable will enable broadband communications and
accommodate this greatly increased flow of information,
but this will take time to accomplish. In the meantime,
NTT is attempting to reduce congestion by improving the
efficiency of the existing network that links homes via
metallic cables.

Existing tclcphonce nctworks arc often unable to handle the
volume of calls being placed and become congested. This
situation can be substantially alleviatedwith Teledome,
NTT's mass information service based on a

multiconnection system and an advanced downloading -

system. Teledome enables customers to provide
information to a large number of callers simultaneously.
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It permits the quick, repeated access to information that is

5o essential in the new multimedia era.

3. PROBLEMS WITH PAST MASS INFORMATION
SYSTEMS '

The existing telephone network is likely to become
congested when a large number of calls are placed
simultaneously. This is especially true with popular mass
information services,.such as those that provide poll
results or sporting information. Information Providers
(IPs), callers, and NTT have all suffered due to congestion.
The specific problems, experienced from the perspectives
of IPs, callers and NTT are described below.

3.1. INFORMATION PROVIDERS

IPs have been hamstrung in a number of ways by the
problems that have heretofore afflicted mass information
services. These problems include:

» IP's inability to provide information to customers in a
timely fashion
Previous mass information scrvices could provide
information only to a limited number of persons at
one time. Callers who couldn't get through
complained, and IPs are understandably anxious to
eliminate the source of these complaints.
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+ Inadvisability of widely publicizing telephone
numbers

Since callers would complain when they could not
get through to access information, IPs would not
widely publicize their number in order to reduce the
number of complaints. In spite of the known
effectiveness of mass media publicity, IPs have to
avoid it because of the limited capacity of the
telephone facilities.

* The cost of providing information has been

proportional to the maximum expected number of

simultaneous calls (i.e., no economies of scale)
With previous mass information services, IPs have
incurred costs in direct proportion to the number
of calls they need to handle at one time
(e.g.,¥26,000/month for a 10 simultaneous call
capability and ¥260,000/month for a 100
simultaneous call capability). IPs had to invest in
facilities to handle the maximum expected call
traffic meaning, in some cases, the installation of
hundreds of phones for needs that may arise only
for just a few hours on a particular day.

* Excessive incidence of wrong numbers

Misdialing inevitably occurs with popular mass
information services as huge number of people
attempt to dial a particular number. This has been’
very annoying and caused great inconvenience to
those residential and business customers with
numbers that closely correspond to the call-in
numbers.

3.2. CALLERS

The congestion afflicting mass informationsystems has
been a problem for callers as well. Principally, callers
have been unable to reliably access informationwhen they
need it. This problem has varied in importance from an

FIGURE.I "POINT-TO-POINT" CONNECTION
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inconvenience to a critical problem. To cite a more critical
example, a company could lose a lucrative business
opportunity if it is unable to receive information in a
timely fashion. '

3.3. NTT

Congestion caused by too many calls to a mass
information service may cause problems throughout the
network, affecting completion rates for general telephone
calls. In a worst-case scenario, emergency calls might not
get through. The calls that do not get through cannot be
charged for, so NTT loses out on a profitable opportunity
whenever a call cannot be placed because of network
congestion.

4. IMPROVING EFFICIENCY OF THE EXISTING
NETWORK

Most of the problems listed above can be substantially
corrected by enhancing the efficiency of the network. NTT
has focused on two techniques to accomplish this:

4.1. MULTI-POINT CONNECTION SYSTEM

With previous mass information services, each connection
between the IP and a caller was "point-to-point" (see
Fig.1). With this setup, there needs to be as many
connections as there are callers accessing the system at
any given time, even though each call conveys identical
information. Researchers at NTT saw this as somewhat
wasteful and came to believe that, if each connection
carries the same content from a voice recording source to
the switch, only one connection should be sufficient.
With previous mass information services, switches only
performed a routing role. With Teledome, switches are
part of a multiconnection system. They make
multiconnection calls and establish "multipoint-to-point"
connections (see Fig.2) .




4.2. ADVANCED DOWNLOADING SYSTEM

In order to establish a multipoint conncction, switches
must be able to recognize which calls arc to be
multiconnected. With other advanced services, the
connection data are provided via a Network Service
Support Point (NSSP) and a Network Service control
Point (NSP). An NSSP, which corresponds to a Service
Management Point in the U.S., contains a customer
database and network management functions. It downloads
the customer data necessary for service processing to an
NSP. The NSP, which corresponds to a Service Control
Point in the U.S, performs service analysis and control in
real time.

The switch where a call occurs must access the NSP to
pull out the information for each call. However, in
Teledome the signaling nctwork and NSP might be
overloaded by mass, simultancous traffic. To handle this
situation, NTT created switches with virtual NSPs, and
the real NSP downloads connection data to the virtual
NSPs before service begins.

5. TECHNICAL ASPECTS OF MULTI-POINT
CONNECTION SYSTEM

Teledome is designed for the one-way provision of
information so it does not have to carry caller voice or
data information to the IPs. With the first call, a
connection is established between the caller and the
terminating IP in the usual way. When a second call
occurs while the first is still in progress, it is

ZC(Zone Center)

GCl
(Ground
Center)

FIGURE.3 MULTI-POINT CONNECTION SYSTEM

179

multiconnected at Ground Center (GC) 1, a local switch,
becausce the connection beyond that point has alrcady been
established. A third simultaneous call is terminated at the
Zone Center (ZC), a toll switch. In this way, calls to the
same IP are terminated at the nearest point (see Fig.3).
More to say, suppose the first call occurs at GC1. GCl
converts the scrvice number to the connection number
with the previously downloaded call connection data. The
system recognizes that the call needs to be multiconnected
and stores that information. The switches, including GC3,
receive the connection number and learn that the call needs
to be multiconnected from GC1. After that, every call to
the same IP is multiconnected. Checking the previously
stored information, the second call is multiconnccted at
GCl. The third call is still the first call for GC2, so GC2
goes through the same process as GC1 did earlier. Since
the connection has already been established after ZC, and
is checked with the information from GCl, the third call
only needs to be multiconnected to the connection of the
first call.

This method offers two major advantages. First, In-theory
no congestion occurs at the call terminating end even
when there are a large number of simultaneous callers.
Second, the cost of installing new circuits to carry related
traffic is minimized. With previous mass information
services, the same number of connections were needed as
there were callers. With Teledome, there is always just
one connection at the terminating end, regardless of the
number of callers. This is an efficient utilization of the.
network.

6. TECHNICAL ASPECTS OF ADVANCED
DOWNLOADING SYSTEM

The functions required for advanced services such as Free

Dial (800 services in the U.S.) or Dial Q 2(900 services
in the U.S.) are usually located in intelligent nodes like a
Network Services Support Point (NSSP) or a Network
Service Control Point (NSP). This sort of function
allocation encounters problems in dealing with mass
traffic. When mass traffic is ncarly simultaneous, the
signaling network and intelligent nodes may become
overloaded. This, in turn, can affect other signaling
messages - even those for general telephone calls. Because
of the problems, a new method had to be devised for
handling mass traffic.

In the new intelligent network architecture developed by
NTT for handling mass traffic, the required functions and
customer data are downloaded from intelligent nodes to the
Group Centers (GCs). This data downloading enables GCs

208



to handle subsequent calls in the same manner as an NSP. 7. MAJOR SERVICE FEATURES
In a sense, this has the effect of creating a virtual NSP in

the GCs. The method thus reliecves the NSPs of Figure.5 (below) illustrates the major service features of
congestion caused by mass traftic, cnabling a large volume Teledome.
of calls to be handled simultaneously at the GCs (see Fig. Major functions and features include the following:
4).
¢ Exclusive service number
NSSP The number for Teledome service was set exclusive
at "0180-99XXXX".
[~
¢ Customer control functions
Packet : CONNECTION DATA . .
IPs can control certain aspects of service from the
network customer's PC : control while the program is being
( > broadcast (start/stop of the service) ; and, a daily
NSP detailed summary of traffic data {calls by day and
by prefecture).
Signaling * Call disconnect function

In the event callers leave the phone off the hook by
accident, the network breaks the connection
automatically after 60 minutes.

network

* Charges
The charge to IPs for the use of additional
functions is % 50,200/month, or % 5,020/day for non-

permanent use. The charge to callers is the same as
for ordinary user-dialed calls.

FIGURE.4 ADVANCED DOWNLOADING SYSTEM

0180-99XXXX

Provide information to millions
of callers simultaneously from a
single recording source

0180-99XXXX

0180-99XXXX g

~1. art/stop of the service
2. Traffic data by day and by prefecture
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8. BENEFITS OF TELEDOME

Teledome solves various problems experienced with mass
information services in the past. The following is a list of
benefits that Teledome provides for IPs, callers and NTT.

8.1. TO INFORMATION PROVIDERS

A large number of new benefits accrue to information
providers with the use of Teledome.

* Enables IPs to provide timely information to a many
simultaneous callers with a single telephonc ling
' Theoretically, Teledome enables a contracting IP to
provide information to up to about 2,000,000
simultancous callers from a single voice recording
source. In actual practice, Teledome has enabled the
processing of about 40,000 calls in onc-half hour
without any callers experiencing a busy signal.

* Enables the full exploitation of mass media advertising
Since, with Teledome, almost all calls get through
without a busy signal, IPs can extensively
advertise their service number on TV, radio or in
magazines or newspapers without fear of

. congestion, busy signals and the consequent

customer frustration.

* Reduces costs for Information Providers”

Previously, mass information services were costly
to provide because the cost of provision was
directly proportional to the number of people
receiving the information. With Teledome, IPs can
provide information to many people from a single
recording source and the cost never exceeds ¥
50,200/month, regardless of how many people
access the information. For example, it previously
cost ¥260,000/month to provide information to
100 person at one time through mass information
services. With Teledome it costs less than one-fifth
that amount to provide information to many
thousands of simultaneous callers.

* Fewer wrong numbers
Use of the exclusive service number "0180-
99XXXX" reduces the incidence of wrong
numbers, removing another disincentive to the
widespread advertising of the IP service number(s).
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+ Convenicnce of customer control functions

With the customer control function, IPs can
control the start and stop point of scrvice, as well
as check the traffic data for program calls by date
and prefecture. Control of the start and stop service
points is useful when IPs change the information
resource. IPs can use of the traffic data as resource
of marketing plans.

8.2. TO CALLERS
One big advantage accrues to callers.

* Receiving information in a timely manner
Whenever the company or personal goals in
seeking information from IPs, receiving that
information in a timely fashion serves those goals.

83. TONTT
A number of advantage also accrue for NTT.

* Reduces network traffic congestion
This promotes the smooth operation of the entire
network

« Effective utilization of the network
Teledome more efficiently establishes connections
between callers and IPs, thereby enhancing overall
network efficiency.

* Ensure that each call gets through so potential revenue
is not lost
Teledome helps create greater profits by
transforming non-income generating busy signals
into income generating successful connections.

9. RESPONSE TO TELEDOME SERVICE

NTT began offering Teledome service in November 1993
in major Japanese cities. In April 1995 the service was
extended nationwide in response to IP and caller demand.
About 200 IP programs have been offered from the
beginning of Teledome service through the June 1995.
The following provides a glimpse of some of the
programs and caller response so far.
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* Sporting cvent information and results

Some programs give information about where and
when events are scheduled or, alternatively, give
the results of games or races. The numbers to call
are advertised in newspapers or magazines. Such
services have been offered in the past but callers
have often been frustrated by busy signals. Almost
all calls go through with Teledome. Calls for
result-oricnted programs tend to be concentrated
immediately after games so IPs had to invest
heavily in facilities if they were to handle peak
traffic. One of the most popular programs receives
30,000 calls per day.

* Publicizing ways to subscribc to prizes on TV

programs
Teledome is very effective for TV promotions in
which, at the end of the show, a number is given
which viewers can call to receive details about
viewer quizzes which, when answered correctly,
will mean prizes for viewers who send in postcards
and have their cards selected in a drawing. In case
where the information was given out via
Teledome, as many as 40,000 calls will be placed
for 30 minutes. This type of promotion could
never have been carried off using the previous
technology.

« Rapid reporting of poll results _
Several programs have offered polling results for
political contests. The service begins when the
polls are closed and ends when the actual counting
is completed. As many as 10,000 callers have used
one of such programs.

¢ Introducing the voices of animated characters
Service numbers for accessing the voices of
animated characters are publicized by magazines for
primary school students. About ten such programs
have been offered and they are very popular among
students. As many as 5,000 calls have been placed
for one of the programs.

* Revealing the day-by-day activities of famous
personalities
Also popular among the young, there are three
such programs and about 10,000 calls per day
made for one of the programs.
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10. CONCLUSION

Teledome offers benefits to all parties involved : callers,
IPs, and NTT. Callers can get through at any time. IPs
can extensively publicize their numbers, increasing their
subscribership dramatically. NTT can reduce traffic
congestion and improve the efficiency of their network
infrastructure.

All the programs offered through Teledome until now are
strictly providing voice information. Some IPs are
planning to provide data information via Teledome directly
to personal computers. The simultaneous provision of
data to large numbers of peob]e is already being made
possible by some PC software. Used in conjunction with
such programs, Teledome promises to provide a solid
foundation for the coming Multimedia Age.
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The Future Infrastructure for Commerce and Social Interaction
- Ending the Tyranny of Distance, Place and Organisation

Robert G James
Group General Manager
Strategic Development Unit
Telstra Corporation
Melbourne, Australia

1. Introduction

| believe that today we are seeing the

beginning of profound changes to the
infrastructure of commerce and social
interaction.

The switched communications of telephone
companies, the information handling ability of
the computing industry and the broadband
networks delivering Pay TV to the home, are
coming together - converging - to create high
speed, switched, information networks which
will link our homes and businesses.

This is happening much faster than we
anticipated, and, | suggest may happen at a
much lower cost than we would have imagined
possible only a year or two ago. The
consequent impact will be huge not just on
telephone companies, but also on our
industries and on the way most of us live and
work.

. Technology Changes - The End of the
Golden Age of Telephony

| believe that we will look back on this period
as the golden age of telephony.

A time, following the building of national
infrastructures by state monopolies, = when
costs were falling faster than prices and phone
companies had become some of the
largestand most profitable enterprises.

The scale and profitability were then the lures
for the competition which erupted around the
world.
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A time when the new competitors for long
distance could set up newer, simpler and
cheaper infrastructure than the former
monopolies who carried a legacy of
organisations and facilities based on earlier
generations of technology.

A time before the local access monopolies
were challenged by cable television
companies offering cheaper voice, data and
video services direct to the customers home or
business.

And lastly, a time when the technology of the
computer industry was yet to cross the gulf
and become indistinguishable from that of the
communications industry.

These changes in technology are being
matched by new concepts which transcend
today's models for telephony, TV and
computing. | should be able to watch a
football match from home. Calt a friend and,
while seeing each other in "picture in picture”
windows, discuss the game that we watch on
our screens. Then, we might order tickets for
the next game. Today this needs three
appliances (TV, telephone, PC), three
subscriptions, three instruction manuals and
three national infrastructures. In future, only
one.

The same architectures (such as TINA) that
support convergence are also likely to turn
networks into open platforms. Introducing new
and rich services may be no harder than
connecting a server to the Internet today and
this will enable a level of innovation on a
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global scale that has only been seen before in
PC software in the late 80s and 90s and,
following the invention of the printing press in
the 15th(?) century.

I believe that we live in a time of profound
technological change, when the barriers that
exist in national legislation and, even more
importantly, in our minds are falling, and a new
order is emerging. A world of information
applicances, transparent and much lower cost
networks, and where servers at the edge of the
network will offer information, entertainment,
business transactions and even voice
services.

Changing Economics of Communications

We have seen dramatic changes in the
computing industry where twice as much is
delivered every year for about the same price,
but we have not seen similar economies in
communications. Why is this the case when
the same digital technology underpins both
industries?

The reasons include:

the basic product (calls) is mature

e cannot double usage each year
- would need to be on phone 24 hours per
day within 6 years

e industry structure - fewer suppliers (10) to
fewer customers (20 large telcos)

o legacy structures of telcos - number of
sites, products, staff

The economics of communications will
however undergo radical change over the next
decade. Telephony, TV and interactive
services will share a single infrastructure, the
cost of which is similar to the traditional copper
telephone network but with a 100 fold capacity
increase. A movie lasting 30 times longer
than a telephone call and needing 100 times
faster information transfer will cost only a few
dollars - and, if the same pricing applied to a
telephone call, it would cost only thousandths
of a cent. So we do see the economics of the
computing industry applying to
communications, but for this to happen, we will
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need to replacé much of the customer access
network and vastly expand our core networks -
at a cost of around A$10B for Australia.

The new networks will be architected around
the cost of glass and labour and we can
imagine countries as large as Great Britain
served from no more than 20 sites. Networks
used to be architected around the cost of
copper and as a consequence we have 5000
switching sites in Australia today. This is likely
to change by a factor of up to 100.

With these new architectures, we can expect
to deliver vastly more at little more than
today's prices. And, we can hypothesis new
uses for 100 or 1000 times more capacity.

. New Architectures for Service Delivery -

TINA (Optional for Highly Technical
Audiences)

Before | finish, let me talk about the evolution
of a single architecture for communication,
computing and even TV.

A TV tunes in a "channel’, a computer
terminal has a "session" while a telephone
makes a "call" - three industries, three terminal
appliances, three definitions of how a "service"
is delivered. Convergence will be complete
when these industries share the same
appliances, networks and "service" definitions:

e one hardware and software model for the
information appliances - as there is today
for the PC

e a common set of standards such as
MPEG and ATM, which are not industry
specific-unlike SSNo. 7, Netbios or PAL -
D

o a "service" model that allows multiple
communications carriers to deliver
services to customers in different
countries using the equipment of different
vendors - as there is today in the
telephone world.

The first two of these-universal terminals and

transparent networks-are likely to be provided
from the convergence of communications and
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computing around entertainment. The next
generation of set - top boxes for interactive
TV will be digital, incorporate microprocessors,
an operating system and a communications
card. The early units will inevitably be as
different as the first microprocessor based
personal computers.

The same forces which brought about
standardisation on the IBM PC architecture are
likely to cause a shake-out in the market and a
small number of dominant models.

For similar reasons to communications
protocols having become standardised in the
computing industry (X.25, TCP/IP), new
protocols are likely to become standard in the
newly converging arena - ATM is well on this
path already.

The third area of service models has not been
as successfully addressed by the computer
industry - perhaps because the various
proprietary models have been rich in capability
and attempts at standards have been an
impediment to fast innovation.

Conversely, the communications industry has
a long history of acting globally to develop the
models for communications which allow
multiple carriers and multiple equipment
vendors to all participate in the largest and
fastest interconnected machine ever built. Dial
the number of any phone in the world and in a
few seconds it will ring - a truly amazing
achievement. This is unfortunately balanced in
recent years by an absence of significant new
services. Yes, we have cellular mobile and
ISDN, but the average telephone service in
the average house is almost unchanged in fifty
years.

| ascribe this to a number of factors. First, the
telephone at over 100 years old is very
mature. Second, it performs its basic function
very well today, as it has for the last 100
years. Third, while we now build telephone
networks using the most advanced of
technologies, the architectures have evolved
only a little from the networks that predated
the valve, transistor and microcircuit - perhaps
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because backward compatibility has aiways
been vital.

Seen from this perspective we now have 3
mature, but insular industries, ready for a
major paradigm shift. Work is already
underway on the development of a single
multimedia service model called TINA - the
Telecommunications Information Networking
Architecture which makes no distinction about
the content of a service and uses one
distributed computing model to embrace
intelligent networks, network management
(TMN), client server computing and the
delivery of entertainment.

. Micro Economic Reform on a Macro Scale

Fundamentally new communications
capabilities such as the printing press and the
telephone changed society and even forms of
government. The renaissance needed the
printing press for literature and the free
exchange of ideas to flourish.

National government and national business
management became much easier with the
advent of instantaneous national
communications towards the end of the last
century. We should now expect the new
infrastructure to dramatically change how we
live, work and play.

These new networks offer the prospect of
more immediate, personal and more richly
featured access to our family and friends but
also, to our customers, suppliers, financiers
and government. Today, | wish to focus
mainly on the business implications.

For many industries, the cost of distribution
can today be 60% or more of the sale price or,
60% of the company's added costs.
Entertainment and "software" of all kinds are
readily seen examples. As well, all kinds of
branch services such as banking are further
examples. Even the distribution of toys,
potato chips and petrol can be made faster
and cheaper using networks.

<14



As a very small current example, when | fill my
car with petrol in the USA, | swipe my credit
card through the bowser and then fill my car.
As great a flow of value occurs through the
network, as through the bowser. Even this
simple purchase of a physical commodity has
involved a communications company and a
bank, yet has been faster, cheaper and more
convenient for both the customer and the
supplier.

The business school case studies of Toys R
Us, FritoLay and Walmart are well know
examples of using current technologies to
improve distribution of more complex
products. These case studies typically involve
shortened distribution chains, manufacturing-
on-demand based on point-of-sale feedback
each time a sale is made, and innovative
financing eg goods are paid for by retailer only
when sold.

With more advanced networks we can extend
these stories to every business and all the way
from the original supplier to the final
consumer, eliminating any step which does not
add value to the consumer - including in some
cases, the physical "point of sale" itself. For
example, | might order a rental car using a
personal -digital assistant (PDA) while
travelling to the airport or order a custom built
mountain bike via the set-top box on my TV,
or pay a road toll simply by driving up the
ramp.

What will change? First, the pervasiveness of
network access - anyone, anywhere. My
customers and suppliers, in Australia and
overseas will all be immediately accessible.
Second, the ready availability of network
based services, for commerce to every
business. This will enable and drive the re-
engineering of distribution. These capabilities,
which could once only be established after
considerable effort and cost in large national
or multi-national firms (eg EDI), will be able to
be readily applied by small business and be
spontaneously used with 100s of trading
partners and millions of potential customers.
New businesses will be able to be established
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much faster and, the velocity of the circulation
of money may well multiply.

The communications and computing industries
must themselves be re-engineered for this to
happen. We can envisage more Internet like
models emerging where a "transparent” and
very low cost carriage infrastructure links any
user to any other user and to any supplier. In
these networks, carriage is low in value added
and services of every type are delivered from
the edges of the network - even directories
and switching of all but the most basic type.
While this threatens traditional telco
approaches to adding value, it opens the
possibility of fundamentally new services and
creates a new dimension for competition in
service offerings.

One of today's industries to benefit is
computing itself. The sale of services can
replace the sale of computer hardware and
software. An airline might buy airline
reservation services on a transaction basis
rather than buying computer hardware,
computer software and data lines.

The vendor receives a regular income stream
which is no longer tied to a single large sale,
while the buyer makes fixed costs variable and
is able to focus on core business activities.

Communications and computing will have
become a part of nearly every product.

Overall, | can expect that within 10 to 15
years, new industry structures will have

evolved around how | work, fill my car with -
petrol, buy at the local store, watch movies,

pay bills, make calls or interact with
government.

. Global Business Models
Distance is a barrier to business today. It is

easier to buy a book locally, to bank locally
and only the local phone company can provide
local value added services. But the time will
come when this changes, and we can see
evidence of the new models today.
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year. None-the-less, the imminent changes
should cause us to rethink or at least review
our plans for national infrastructure.

For countries such as Australia, which do not
have Pay TV, we can see ourselves stepping
past simple broadcast networks to two way,
interactive broadband networks. For countries
without national telephone infrastructure, it
may well be cheaper to install broadband
networks with far fewer network nodes than
traditional telephone networks - even if
telephony is the only service to be offered
initially!  And, it will certainly provide a better
platform for business in key cities.

Conclusion

With such a framework we can imagine a
world where:

e any product is available on any appliance

e mix and match - watch a football match
on TV, talk to friend in a picture in picture
window and buy tickets for the next game

e transparent universal networks allow the
connection of any appliance to any server

e networks are as much open platforms as
PCs - offering new services would be as
easy as connecting a server to the
Internet today

e regulations will have to be framed around
effects and outcomes, not the means of
delivery

e boundaries are no longer corporate (as in
computing), regional :
(as in TV) or national (as in telephone
companies).

In all, a borderless world.

I mentioned at the beginning, that | thought
that this is the "golden age" of telephony.

In hindsight, we can always see the golden
age of a civilisation or business when it's
power and wealth peaked before some
decline.

Today, we don't need to wait for hindsight, the
signs are clear for traditional "Telephony" that
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it's golden age has arrived and will soon
depart. However, the opportunities for
telephone companies and anyone else in
Information Networking are truly boundless.
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1. ABSTRACT

A file transfer protocol used for broadcasting a file to a set of nonhomogeneous sites is described. Files are
partitioned into packets. Only those packets received in error are retransmitted. The optimal packet size which
maximizes throughput, based on the bit error rates at each of the sites, is derived.

2. INTRODUCTION 3. BACKGROUND

Satellite networks in which resources are demand The Titan DAMALink system utilizes both Frequency
assigned require distributed processing of network Division Multiple Access/Time Division Multiple
protocols. Often these networks are distributed over Access (FDMA/TDMA) and Single Channel per

a wide geographical region with member sites at Carrier (SCPC) modems to support a broad range of
remote locations that are unmanned, or at best, applications. The FDMA/TDMA modems at each site
staffed by untrained personnel. If protocols are not are used to provide efficient use of bandwidth for
built into the network management system for transaction-based systems and narrowband packet
seamless automatic distribution of software, then services, as well as network control. The SCPC
once the network is fielded it will be unlikely that the modems are used to support high data rate services
system will evolve. It will be almost impossible to such as video and voice conferencing and T1 or
modify protocols or upgrade the software and the greater high rate data services. Figure 1 depicts an
system will become obsolete. In this paper we example burst schedule in time and frequency.

describe an efficient broadcast protocol used to
distribute control software in a full mesh network.
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AG191-TISC

FIGURE 1. MINIMIZING TRANSMISSION TIME IN AN FDMA/TDMA SYSTEM WITH VARIABLE POWER
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To ensure positive control of the network during all
phases of execution, each site, as well as the
network control station, is equipped with at least one
FDMA/TDMA modem. This modem is interfaced to
the control processor using a serial link (see Figure
2). The control processor is used.to monitor and
control SCPC modems, transceivers, multiplexers
and FDMA/TDMA modems. Software download is
performed using a broadcast file transfer protacol.

4. BROADCAST FILE TRANSFER PROTOCOL
DESCRIPTION

The broadcast file transfer protocol used is an
extension of a common point-to-point file transfer
protocol (see Ref. 1). Data is transmitted in short
bursts called packets. Each packet has a checksum
covering the packet data. Packets received in error
are retransmitted. The amount of data in each packet
is determined by the central controller based on the
channel bit error rate.

The point-to-point file transfer protocol is executed as
follows:

1) Using an Aloha protocol, the net member informs
the controller the size of the file to be transferred.

2) The controller acknowledges the request and
assigns a unique file identifier to the service. It
then starts to allocate capacity to the sending
modem using the control channel to inform the
sending modem and the receiving modem where
in the spectrum the packet is to be burst, the
packet size, and the starting and ending byte
position of the data interval for the identification
of the file that is to be transmitted.

3) The transmitting modem transmits the data as
dictated by the controller. After each burst of data
is received by the receiving modem, the
receiving modem calculates the checksum and
compares it with the transmitted checksum. Data
for which the checksum is equal to the
transmitted checksum is buffered.
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Data for which the checksum fails is placed in a
separate buffer together with the starting and
ending byte position data and is available for
error correction when retransmissions occur (see
Ref. 2).

4) The receiving modem maintains a database
containing the starting and ending byte positions
of the disjoint intervals of file data that have
passed the checksum criteria. The end point of
the interval containing byte position 0 is called
the high water mark. If there is more than one
interval in the database, the receiving modem
transmits the high water mark together with the
starting position of the next interval received
without checksum error together with the unique
file identifier. An Aloha slot is used for this
transmission.

5) Each time the controller receives a high water
mark transmission, it allocates capacity to fill in
the missing data. When there are no missing
data, the controller continues to allocate capacity
until sufficient capacity has been allocated to
complete the entire transmission of the file.

6) Once the entire file has been transmitted, the
controller polls the receiving modem for a high
water mark. If high water mark matches the size
of the file, the protocol is terminated by the
controller and the member marks his file as
received.

This protocol is extended to a broadcast protocol by
requiring that the network controller make a list of all
the sites the file is to be broadcast to. The modem at
the top of this list will be referred to as the designated
user. The broadcast file transfer protocol is executed
between the transmitter and the designated user the
same way the point-to-point protocol is executed.
The only difference is that all the modems in the
broadcast group perform all the operations that the
designated user does except inform the controller of
their high water mark. Once the designated user has
received the file, he is removed from the list of sites
the file is to be broadcast to and the next site on the
list becomes the designated user and is polled by the
controller for his high water mark. At any point in the
protocol, if a site on the list has received the file, the
site uses the Aloha channel to inform the controller
that he should be removed from the list. Once the list
is empty the protocol is terminated.

5. DERIVATION OF OPTIMAL PACKET SIZE

Given BER = channel bit error rate and n = number
of members in a broadcast group, we want to find the
packet size S in bytes that will maximize file

transfer efficiency. File transfer efficiency (FTE) is
defined to be user data bytes divided by total bytes
transmitted, so

NS

- N’(S + Ovrhd + Pream + FOW) + (N’ =N + n)ROW + OneTime

where
N = number of packets

N = actual number of packets transmitted

Ovrhd = CRC bits + protocol overhead (about 8
bytes)
Pream = packet preamb|e size (about 63 bytes)
FOW = Forward Orderwire
= control channel scheduling bytes per
packet (about 14 bytes)
ROW Return Orderwire

acknowledge and reporting bytes per
packet (about 12 bytes)

OneTime = One time setup and teardown bytes
(negligible)
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Let E = expected number of times a packet must be
broadcast. Then N" = NE and
_ S
E(S+97)-12

E depends on n and the probability p of missing a
packet,

P =Pp+ Pb - PpPb

where
Pp = probability of missing a packet preamble
(preamble selected so pp = 1074)
and
Pb = probability of missing the packet data
= 1-(1-BER)8(S + Ovrha) (2)
(8 bits per byte) '
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Actually, the n broadcast members may have
different BERs, so let pj be the probability that the ith
member misses a packet.

Then the probability that exactly k transmissions are
required for member i = pi““(1 - pi), so by
telescoping sums, the probability that no more than k
transmissions are required for memberiis 1- pi“.

Assuming independence, the probability that the n
members require no more than k transmissions to
receive a packet is

fo-t)ese S

Then we have

)3

1<i, <i, <...<i, SN

P, Piy:--Py

r

make simplifying assumptions. Since FTE(S) curves
are of the form shown in Figure 3, we need to ensure

that the approximation for S is 2 S. If we assume all
members are advantaged, we get a simpler
expression

=5 o (s

= 1_ pf

which will guarantee a selection S> S. Using the
approximation, packet size S optimizing FTE was
determined numerically for various values of BER
and n. It turns out that S and E are relatively stable
for different group sizes but varied significantly with
BER, as shown in Table 1.

\
_m n _ k)_n(_ k—1)]
E-qu [5(1 Pk )-TI{1-pf ") 1. -
By expanding products as above, switching sums
and summing geometric series, we derive
L 1
E=Y (T D o @
= tsi<ipercisn PP Py 3 PACKET SIZE
Combining equations (1), (2) and (3), we can AGT84-TISC
calculate FTE for any fixed values of BER, S and n. FIGURE 3. PACKET SIZE VS. BER FOR FIXED
Thus we can find S optimizing FTE. In practice we GROUP SIZE
TABLE 1. PACKET SIZE VS. GROUP SIZE AND BER
Range of Expected Number of
BER Gsric;t;p Optima? Packet TEhfrf?;g:L)ut Retransmli,:sions over the Optimal
Size in Bits y Packet Size Range

E-3 1 508 - 607 219 1.8-2.0

E-3 50 382-495 - 6.3 51-6.0

E-3 | 100 364 - 508" . 55 57-7.0

E-4 1 2230 - 2447 59.6 12:1.2

E-4 50 1259 - 1414 23.2 26-27

E4 | 100 1137 - 1514* 204 29-32

E-5 1 7943 - 9174 845 1.0-1.0

E5 | 650 2163 -2912 435 1.7-18

E-5 | 100 3737 - 4150 39.2 21-21

E-6 1 25614 - 27141 948 1.0-1.0

E-6 50 3835 - 4760 71.0 1.1-1.2

E-6 | 100 2982 - 3592 - 63.0 12-13

* NOTE: Since all members receive and combine data during retransmissions, the optimal packet
size and expected number of retransmissions don’t change significantly with group size once the

group gets large.
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6. SOFTWARE UPDATES

The optimized broadcast file transfer protocol
described above is used for distributing software and
database updates over the air. The destination for
these types of broadcasts is the "NEW" subdirectory
at each of the destination suites requiring the update.
Facilities are provided at the network control site for
commanding the remote site to copy the files in the
"NEW" subdirectory to the current active directory
and forcing the remote site to resume execution with
the new code and databases.

Each time a network member logs into the network,
the network controller is automatically informed of the
software release level that is active at the remote
site. In addition, the forward control channel is
partitioned into groups. This partitioning is according
to link margin and software release level. While users

in a group receive their assignments, the remaining
groups have access to the remaining carriers for data
communication (see Figure 4). Thus, orderwire
groups provide for seamless software upgrades by
allowing several software release levels to coexist
within the same network.

* OPTIMIZES USE OF CHANNELS

7. CONCLUSION

An efficient broadcast file transfer technique has
been described. A scheme has been derived for
optimizing throughput as a function of packet size.
This file broadcast technique has been thoroughly
tested and is used in a worldwide 82-site narrowband
UHF Demand Assigned Multiple Access (DAMA)
network as well as a broadband 72-site C-Band
network in Thailand.

For large groups, the number of data retransmissions
does not increase significantly with group size. Thus
this file transfer technique is ideal for broadband data
distribution applications such as used in distributing
newspaper Sunday supplements where the group
sizes are in the hundreds. The file is broken up into
packets sized so that throughput is optimized. The
packets are broadcast using a broadband SCPC
modem. A narrowband TDMA modem at the
receiving site is used to provide the required
feedback to the broadcasting site.

Since the expected number of retransmissions does
not vary significantly with group size, this technique
remains competitive even when fiber optic channels
are provided as an alternative.

* ALLOWS MIGRATION OF NETWORK WITHOUT DISRUPTION OF SERVICES
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1. ABSTRACT

Changes in the interational telecommunications environment are impacting the immediate and long-term
approaches to planning international networks. The paper presents some of the environmental changes in
the industry with respect to regulation, call routing, technology, and strategic alliances. Network planners
need to go beyond simple engineering criteria in planning networks, and must incorporate environmental
events into strategic planning and implementation considerations. Acquiring information to plan the
evolution of bilateral and multilateral networks is a major challenge for the network planners.

2. INTRODUCTION

Intemational network planning is encountering
greater challenges due to changes in the global
telecommunications industry. With the
introduction of new technologies and the entrance
of altemative communications providers, the
traditional bilateral partnerships between
telecommunications administrations are being
altered. The existence and growth of
multicarriers, resellers, refilers, call back
operators, and self-correspondence is a result of
the different political, regulatory, legal and
business environments across countries.

Overlaid on these changes, is the convergence of
voice, data and multimedia technologies.

This paper describes the impact of the changing
telecommunications environment on international
network planning. The expanding participants in
the industry and their evolving relationships lend
to the specter of an era of transitory networks.
The changing networks are based on different
strategic intents of the participants and do not
readily lend to simple optimization models. The
design and planning of networks have become
dynamic in nature. Enhanced capabilities in
economic optimization and industry information
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are required to develop network solutions that
allow for the use of the telecommunications
networks as a strategic capability (see Figure 1).

3. BACKGROUND

International network planning has traditionally
been based upon engineering criteria driven by
‘steady state’ bilateral forecasts and agreements
with one Telecommunications Administration (TA)
per country. The bilateral networks were mainly
designed for voice and voice band data traffic.
Low speed data networks existed along with a
limited number of international dedicated lines.
Since the 1970's facsimile traffic and dedicated
lines have grown rapidly. During the last two
decades, digital facilities and switches have
replaced analog technologies, and have enabled
higher speed services and enhanced ancillary
support systems.

To leverage the available intemational capacity,
compression technology was gradually introduced
into the networks in the 1980's. Growth in the
introduction of new services in 1980's required
new routing and facility considerations. The late
1980's saw the introduction of new signaling
architectures, and the 1990’s saw a surge in
signaling conversions to CCITT #7.

o
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Figure 1

Changes in:

Traffic Patterns From
Nontraditional Traffic Streams

Network Design, Planning
& Implementation

Business
Solutions

-

There also has been an evolution in the delivery
systems. The investment in international facility
assets has historically been made through
worldwide intemational consortiums (e.g.
INTELSAT for satellite facilities) and through
regional consortiums for cable systems (e.g. TPC-
5). The consortiums have typically composed of
one TA per country, and operated on the
philosophy of sharing investment costs.

The underlying factors of change in the industry
have been the changes in:

1) technology (software - routing, information
storage, speeds, compression, signaling,
diagnostics ; hardware - VSATSs, processors, data
storage, SDH rings),

2) political/legal/regulatory (privatization, new
entrants as carriers and as information providers),

3) new services (ATM, frame relay, ISDN, etc.),

4) concomitant economic incentives (profit for
new entrants and collection rate price wars).

The industry continues to experience high levels
of growth across the spectrum of services - from
basic voice to virtual networks to the Internet to
video-on-demand and to multimedia.
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4. INDUSTRY CHANGES

Changes in the intemational telecommunications
environment has its origins in several diverse
fields. The changes can be linked, in part, to
regulation, call routing, technology, and strategic
alliances.

4.1 REGULATORY/LEGAL

Each TA is govemed by a legal and regulatory
body within a sovereign political system. The
purview of customer contacts by the TAs
generally has been based upon the customer's
geographical location -- where each
administration dealt with the customers within
their territory.

The market is now entering an age of dynamism
with changing legal and regulatory rulings
encouraging new facility-based entrants into both
the national and intemational markets. The
legalities of resale, refile and call back, vary
across countries, but the barriers are falling.
Slowly, inroads into the TAs' monopolies are
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- occurring worldwide through legal changes,
regulatory rulings, and legislative enactments.

4.2 CALL ROUTING
4.21 CALL BACK

Collection rate arbitrage is leading to
nontraditional calling pattems as to the origination
and termination of calls. Call back operations are
being conducted by both companies and
individual customers (see Figure 2 for an
illustration of the traffic flows). The legality of call
back activity varies across countries. One
manifestation of call back is an increase in
imbalances in traffic flows and the resulting
impact on settlement payments. The impact on
network planning can be quite significant when
considering the following:

- overall call processing time can increase to
switch the ‘final outgoing call’,

- inbound signal processing may be handled
by one carrier, but the outbound call
transported by a competitor,

- additional resources can be required for
support systems (databases, operating
systems, etc.), and

- Answer/Seizure Ratios can drop significantly
for carriers receiving the incoming ring-no-
answer setup calls.

4.2.2 REDIAL

The provisioning of dial tone to an incoming
intemational call enables a customer to connect
to another number (see Figures 3 and 4 for an
illustration). The call can be connected to parties
within the country or to parties in a third country.
The redial capability enables the consumer to
realize a lower overall charge for the two links of
the call compared to a direct call to a party in the
third country. It also enables conference calling
and for customer billing preferences in managing
accounts. The same considerations must be
given by network planners as in call back, but
now capacity for new traffic terminating in the
third country must be planned.

Country A

Figure 2
Call Back

Country

Settiements
Originally from A to B
Now: Bto A

Customer Incentive
Collection Rates: B< A

1 - Call Origination
2 - SignalCode
3 - Call Setup/Processing
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Figure 3

Redial
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Figure 4
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4.2.3 REFILE

Calls originating in one country and switched via
another country to terminate in a third country is
legal through transiting arrangements with all
three administrations. Refile has occurred when
the administration where the call originates settles
with the intermediate administration (previously
the via country and excluding a par cours
settlement agreement), and the intermediate
country settles with the administration were the
call terminates. See Figure 5 for an example of a
network evolution from bilateral traffic flows to a
mix of bilateral and refiled traffic through a node.
Though the discemanbility of refile is difficult, most
TAs are neither conducting nor sanctioning such
activity. Refile activity may evolve with the
advent of self-correspondence and alliances that
loom on the horizon. Movement to refile
activities will change the bilateral traffic pattems
and, depending on the refilers’ tactics, possibly
create greater variability in those traffic pattems.
Here then is a key linkage between worldwide
collection rates and settiement rates across
administrations with network planning
considerations.

4.2.4 PRIVATE LINE RESALE

Resale of switched voice over private lines is
currently limited to a few countries. Whereas
resale of data traffic is more open, resale of voice
and data is expected to accelerate as markets are
opened in the near future.

For those countries allowing resale of private
lines for voice traffic, noticeable shifts in cross
border traffic onto private lines can occur.
Initially, large business customers took advantage
of their economies of scale and shifted their
traffic. Subsequently, niche operators have
entered the market and have targeted smaller
businesses and residential customers. An
outcome of resale has been the shifting of traffic
with greater profit margins to a service(s) with a
lower margin(s). Intemational resale is generally
prohibited, but customers have been known to
‘leak’ their private line traffic onto the switched
network. See Figure 6 for an illustration of
private line resale.
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Figure 6

Private Line Resale
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where A', B' are reseller rates.

4.3 TECHNOLOGY

The industry is experiencing the convergence of
voice, data, image, video and multimedia. It is at
the beginnings of an evolution toward both
transport mediums and equipment which enable
the delivery of broadband and multimedia
applications. For example, the industry is in the
beginnings of experimenting with the
Asynchronous Transfer Mode (ATM) platform and
its deployment in bilateral networks over the next
decade. While growing networks within the
existing switching architectures, overlay networks
and their new platforms will be introduced to
supplant higher cost delivery systems and to
enable the delivery of new services. Planners will
continue to implement the advances in data
compression technology, per call control
capabilities and bandwidth on demand to increase
the utilization on existing capacity.

Throughout these changes, planners must ensure
the interoperability between different platforms
and plan for the transition of traffic load from one
platform to another. The integration of cellular
and PCNs networks is ongoing. LAN and WAN
interconnections are occurring, and network
management platforms across technologies are
becoming critical. Underlying the introduction
and transition to a new platform(s) will be an
increasing reliance on service specific forecasts.
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4.4 STRATEGIC ALLIANCES

Recently there has been activity in the formation
of strategic alliances, e.g., Unisource,
WorldPartners, Eunetcom, and Concert. In part,
the alliances are meant to provide integrated
solutions to global customers. This integration
provides customers with end-to-end services,
enhanced capabilities such as broadband and
multimedia capabilities, improved service
attributes such as mobility (cellular and PCN) and
enhanced features (e.g., virtual networks).

Interestingly, no significant changes have been
observed so far in bilateral traffic streams with
TAs who are members of the alliances. The norm
of direct routing of bilateral traffic apparently is
being followed. However, alliances can be
repositioned for responding quickly to changing
market conditions, as well as sending market
signals to existing or potential participants in the
market.

The industry is now in the initial stages of
strategic alliance formation (see Figure 7). The
movement may portend bloc alliances in the near
future, and the redirection of traffic among
members and away from nonmembers.
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Figure 7
Strategic Alliances
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5. IMPACTS ON NETWORK PLANNING

Network planning now faces environmental
changes manifesting in the transition:

- from monopoly to multiple carriers,

- from bilateral partnerships to multilateral
partnerships, self correspondence, alliances
and joint ventures,

- from ‘ownership’ of originating and/or
terminating calls to a carrier’s carrier handling
the traffic of resellers, refilers and call-back
operators,

- from consortium to private suppliers of
delivery systems, and

- new technologies.

Network planning now must account for:
- ‘domestic and foreign’ multicarriers,
- attempts at end-to-end customer offerings,

- the phenomenon of being relegated to a
carrier’s carrier,

ERIC
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the emergence of strategic alliances,

nodal architectures,

short term tactical uses of networks,

transitory networks,

interoperability across platforms.

Following are some key factors that need to be
considered in planning of international networks in
a changing global environment:

5.1 OVERSEAS NODES

As strategic alliances evolve, different network
arrangements will also evolve. One such
evolution is the establishment of a node with a
member of an alliance to reroute/refile traffic.
The traffic may be routed to gain engineering
efficiencies, to circumvent capacity constraints
and to reduce settiement outlays. See Figure 8
for an illustration of the existence of bilateral
networks and of alliances with regional nodes and
varying degrees of traffic intensity.
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Figure 8 :
Bilateral and Nodal Network

5.2 TRAFFIC BIFURCATION

The industry may see a movement by companies
to overseas nodes and/or alliances. With such a
deployment of resources, the traffic, or portions
thereof, may at first be bifurcated between the
traditional bilateral traffic stream and an
incremental traffic stream. Such a bifurcation can
be based upon financial settiement
considerations. The bifurcation of traffic between
directly and indirectly routed traffic thereby acts
as a tool for strategic positioning vis-a-vis
competitors and partners. See Figures 9a
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through 8c for an example of an evolution from a
traditional bilateral arrangement with two partners
to an interim step of routing incremental traffic via
a node, and finally to a stage where there is no
longer direct traffic to one of the partners. Such a
final stage would involve game theoretic
strategies between existing and former partners in
moves and counter moves with respect to the
networks, the traffic and the flow of settiement
funds.
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Figure 9a
Network Evolution

Traditional Bilateral Partnerships

Figure 9b
Network Evolution from
Partnerships to Alliances

Bilateral and incremental Traffic Flows

Settiements
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- Contract / Arrangement Node
with Node Provider
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Figure 9c¢
Network Evolution with Alliances

Bilateral, Incremental and Refile of Traffic Flows

Settlements

-AwithB

- Contract / Amangement
with Node Provider

Node

5.3 ONE-STOP-SHOPPING

To provide end-to-end customer service,
operating support systems (OSS) may be located
overseas. In conjunction with the OSS, switching
nodes may evolve to handle large regional traffic
streams via a third country. Alliances can link
applications (e.g., software), services (e.g.,
telephony, entertainment) and local, national and
intemational telecommunications providers.
Additional possibilities include the end-to-end
integration of facility infrastructures and the

horizontal integration of applications and services.

Current industry developments include a global
service provider offering one-stop-shopping
through multilaterial alliances with global

customer service centers and global work centers.

5.4 NETWORK QUALITY

TAs are pursuing projects to differentiate their
networks by quality (e.g. advanced noise
reduction techniques, improved BER, response
time to customer complaints) and features (e.g.
automatic redial upon busy, call return to
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originator upon successful completion at the
foreign end). Competition will also entail network
survivability through diversity and restoration
planning. TAs not staying within reach of
technological improvements for network quality
may be relegated to being basic facility providers.

5.5 NEW ENTRANTS AND PROPORTIONAT
RETURN :

A relatively abrupt change in the level of traffic
can occur when new carriers enter into the
market. The market share captured by new
entrants varies overtime and across countries for
a given entrant. Additional network planning and
implementation calculations arise in receiving and
retuming the proportionate traffic to the
multicarriers. Furthermore, adjustments to the
proportional retum factor increase the variability
of traffic, which lags the underlying variability of
end customer demand by three months or more.




5.6 TRANSIT TRAFFIC

Abrupt changes in the level of switched traffic has
been noticed as carriers compete for transit
traffic. Bilateral networks have expanded and
contracted in accommodating transit traffic and
then experiencing its reduction/demise. Transit
traffic being routed over different networks due to
cost

considerations is becoming the norm. Network
planning must now account for the increased
variability and uncertainty of the traffic and weigh
the benefits of over or under provisioning of
networks. See Figure 10 for an example of the
impact transit traffic may have.

The additional profit from handling transit traffic
must be comnpared to the acquisition cost of
additional capacity. Scenarios may be necessary
to plan for quick responses to changing traffic
pattems. For such just-in-time (JIT) adjustments,
capacity management must strive to reduce the
cycle time in acquiring capacity. The current
arrangement of obtaining permission to transit the
third party network as to the time-of-day and
volume of traffic may additionally require a
planner to consider just-in-time (JIT) switching
and routing capabilities.

8. NETWORK PLANNING MODELS AND
INFORMATION NEEDS

The traditional approach of planning networks
based on engineering criteria is being modified to
accommodate economic factors outside of the
traditional bilateral engineering considerations.

How does a network planner approach the
seemingly increasing chaos of
telecommunications events? Key enhancements
needed in network planning models are:

- Linkages between engineering criteria for
designing networks and financial gains must
be strengthened. For multiple services being
carried over a common network, business
decisions need to consider short and long-run

. profitability considerations,

- Multilateral network optimization models need
to be developed that consider arrangements
beyond simple transit,

- Network inventory management tools need
enhancements to perform cost analyses,

- JIT planning requires new information
collection processes and market intelligence
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data to discern industry trends. Expert
systems are needed to realize JIT
provisioning,

- Mechanisms are needed to capture
information on market based prices for cable
and satellite capacity, in order to support JIT
planning,

- Economic criteria are required to allocate
limited capacity across services, e.g. voice
priority over video.

The need exists for linking the underlying micro
foundations of customer behavior to prices,
promotions and new services with the macro
considerations of economic capacity planning.
For example, customer responses to a blocked
call may lead: 1) to a retrial of the call, 2) to a lost
call to a competitor, or 3) to a lost customer.
Additionally, consumer models linking quality of
service attributes (such as echo, delay, BER, and
mean-time-to-restore), to incremental profitability
analyses are necessary.

Finally, introductions of new services and
technologies over a common network require risk
analyses on: (i) switch and facility failures, (ji)
satellite restoration or cable-on-cable restoration,
(iii) the prioritization of services given limited
capacity, and (iv) the long run profitability across
services.

7. CONCLUDING PERSPECTIVES

The industry is composed of individual,
unpredictable, interacting customers being
supplied in the past by bilateral and generally
predictable telecommunications partners. Now
some of the partners are becoming competitors
as well as suppliers, while still maintaining their
partnering relationships. Furthermore, altemative
carriers are entering the market. Within this
environment, greater uncertainty has arisen in
planning for specific routes. Currently, an
increasingly in the future, network planners need
strategic planning capabilities to analyze existing
environmental events and trends. 'Acquiring the
information on the evolution of bilateral and
multilateral networks and the responses of
customer actions is a major challenge for the
network planner.

Network planners must be ahead of the
information curve in acquiring environmental
information, and using the knowledge from the
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Figure 10

Time-of-Day Traffic Distribution
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information in formulating network planning
strategies and tactics in concert with the
company's business direction. The quality of
network planning solutions is now dependent
upon the intelligence of timely information to
facilitate the management of switch and facility
capacity across telecommunications
administrations.

As the information for network planning grows in
complexity, the required information systems
themselves become complex and may be beyond
our individual understanding of their strengths and
weaknesses. Nevertheless, the planner needs
real-time information in planning networks. An
upcoming challenge is to incorporate and
translate information into intelligence and finally
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to enable the translation of the intelligence into
predictable solutions. Caution is in order as to
how resources are devoted to the task. To
paraphrase Fransico Antonio Doria, “in attempting
to bring order to the complexity, we must be
careful not to evolve to perplexity” (1).

REFERENCES

(1) “From Complexity to Perplexity,” John
Hogan, Scientific American, June 1995,
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1. ABSTRACT

The overall aim of this paper is 1o analyse the rclationship beiween strategy and organisational slruclu.re,fqr
telecommunications planning and development in Thailand. It begins by evaluating the development of Thailand's
present infrastructure and planning practices. It also discusses key strategic planning factors which will contribute to the
changing function of Thailand's network. Wc have identified significant shortcomings and conclude that there is an
urgent nced for sectorwide strategic planning Lo be given a higher prionty.

2. INTRODUCTION

Stratcgic nctwork planning and the development of an
appropriate implementation program for
telecommunications infrastructurc devclopment is
increasingly becoming a rapidly changing activity. For
almost every nation, the difficultics of achicving a best
fit between anticipated demands for local and
international public tclecommunications traffic and
infrastructure - and the available resources - requires a
special consideration. For rapidly developing nations
such as Thailand, inadequatc telccommunications
infrastructure and limited resources, the choice becomes
even more difficult. It is also understood that investment
in telecommunications infrastructure has long been an
important key to the economic development of a country
or geographic rcgion. In addition, the total investment in
network expansion will represent a considerable
proportion of the GDP for many economics. The
successful delivery of a world class telccommunications
infrastructure can act as a catalyst 10 incrcase trade
opportunitics and to enhancc other cconomic activities
and social functions.

For developing countrics like Thailand with rapidly
developing economies, the planning and implcmentation
approaches adopted will be a kcy lactor in both
facilitating and shaping cconomic cooperation and
development in the ycars ahcad. At the level of the
technology, these changes mean that there is an increase
in the complexity and diversity of nctworks. As a ncw
player, Thailand is now in a position to instantly adopt
the latest technologies and quickly add ncw nctwork
services such as videoconfcrencing or cable TV onto the
primary nctwork.

Together, these observations call forth and highlight
new stratcgic challenges for the Thai
tclccommunications industry. 1t is against this backdrop
that this paper secks 10 identify and cvaluale possible
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key strategic factors which will contribute to the
changing function of Thailand's network in the years
ulicad. The primary goal was to determine the
rclationship between strategy and organisational
structure for teleccommunications in Thailand. The paper
also includes a summary overview of the development of
Thailand's telccommunications infrastructurc and
planning practices in the context of TOT's corporate
business vision.

3. THAI TELECOMMUNICATIONS
DEVELOPMENT

Historically, telecommunications infrastructure
development has played a key role in the development
of Thailand since the deployment of the first public
telegraph service in 1875 (1). A bricf chronological
history is provided in Table 1. As in most nations, Thai
tclccommunications history has been largely been
dirccted under the influence and control of various
government agencics. At present, telecommunications
development is under the control of three organisations:
the Post and Teclegraph Department (PTD); the
Telephone Organisation of Thailand (TOT); and, the
Communications Authority of Thailand (CAT). PTD is
responsible for policy rules and regulation , CAT is
responsible for the operational control of international
services and TOT for domestic iclephone services. Whist
CAT and TOT arc state enterprises and PTD a
government department headed by a director general, all
three organisations answcr dircctly 10 the Ministry of
Communications which is also responsible for transport.

On March 28 1995, the Thai Cabinct finally unveiled
its long awaited plan to privatise parts of the two major
statc-owned monopolics of CAT and TOT. However, it
ts still unclcar just how quickly the Thai government
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plans to privatise TOT and CAT. From the little that
has been revealed about the plan, initially it is likely
that TOT and CAT will cach be divided into two
separate companies: The first of each will remain under
statc ownership

1875  First telegraph scrvice
1881  First telephone service
1883  Postal Department and Telegraph Department
established
1897 Postal and Tclegraph Departments
combine to become the Post and
Telegraph Department (PTD)
1931  First private citizens' radio station
1936  First long distance telephone service
(to Tokyo) 4
1954  Telephone Organisation of Thailand
(TOT) established
1963  First international telex services
(to Japan)
1966 Thailand became a member of Intelsat
with a 0.1 percent share
1971  First radio paging service
1972 First car phones installed
1976 Communications Authority of Thailand
(CAT) cstablished
1979  First facsimile transmission service
1984  Thailand's share of Intclsat increased 10
0.49 percent and GTE international was
contracted to build the carth station near
Bangkok
1991 Shinawatra was given a 8 ycar monopoly

contract to launch Thaisat for television,
government and domestic communication
nceds, as leases expire on other satellite
systems
1995  First privatisation plan announced

Table 1. A brief chronology of Thai

telccommunications development

and control; the sccond will be sold on a joint-venture
basis with the government retaining a 49% share of
each. Of the remaining 51%, 2% will go to Thailand's
Crown Property Bureau, and no more than 30% will be
held by a single privatc organisation, while forcign
ownership will be limited 1o 20%. However, therc is no
time frame for the partial privatisation process proposcd.

As can be gleaned from the above bricl historical
overview, overlapping functions have been a key feature
characterising the telecommunications history in
Thailand. However, in recent years, increasing
responsibility for telecommunications activitics has been
transferrcd by the PTD to TOT and there is now a
growing commitment to the future privatisation of the
Thai teleccommunications industry. It is now agreed by
the Thai telecommunications sector - both public and
private - that the time is now right to give
teleccommunications strategic planning a higher status as
both a statc and as a process.

]
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3. KEY STRATEGIC THRUSTS OF THE THAI
GOVERNMENT

At present two major strategic thrusts are governing the
cvolution of Thailand's telccommunications services:
The first is to decrease the subscriber waiting list to a
point where demand can -be mct in as short a time a
possible. The second involves a program of upgrading
network infrastructure to optimise the flexibility and
cost, and to increcasc the range of services available.

To date, the privatisation of national
telccommunications services has not been a priority -
despite the announcement of the intention to do so.
Rather, further centralisation of management, planning
and operational control has been the key strategy
adopted to improve the overall approach to strategic
planning for the ycar 2000 and beyond. Yet in noting
this, and in view of the challenges to be highlighted in
the procceding scction, it is recognised that no single
mcthodology is generally applicable for upgrading
telecommunications infrastructure in a particular national
setting (2). It is therefore esscntial for Thai agencies
responsible for the development of strategic national
tcleccommunications planning to establish clear policy
guidelines and to make preparations well in advance.
The announcement of plans to privatise
teleccommunications in March 1995 was the first step in
that dircction.

Collectively, the actions of previous Thai governments
have reflected a belicf that privatisation of
telecommunications scrvices is the best policy option o
cope with the rapid cconomic growth of the country and
as a mcans to procurc the large financial resources
required to extensively develop the infrastructure and to
keep pace with new technological developments. Yet, in
practice Thai fixed-line iclccommunications services are
not expected to be privatised for scveral years. An
cxplicit policy of the Thai government is to strengthen
TOT until it is rcady 10 bc able to compete
commercially with private companics while still
ensuring that it rctains its role as the nation’s lcading
teleccommunications service provider. To help to achieve
this aim, the specific policy objectives of TOT can be
summarised as follows (TOT Annual Report 1993):

(i) cstablish a basc that will cnable TOT
to compete in a competitive
environment;

(i) rapid expansion and modernisation of
the network to meet social and
cconomic demand;
and,

(ii1) build up internal expertise and unity
among TOT employees.

o0
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4. WHAT ARE THE MAJOR CHALLENGES TO BE
ADDRESSED?

In practical terms, and in view of the policy objectives
summarised above, the immediate challenge for Thai
telecommunications stralegists is 10 recrcate the role of
the internal management arrangements, and Lo align its
regulator and organisational structurc with the strategic
mcchanisms now in place. Howcver, there remain a
number of identiliable constraints to further network
cxpansion that nced o be addressed so as 1o ensure that
the stratcgic objectives highlighted above can be
achieved within a limited time frame and with existing
resources. Thesc can be broadly catcgorised as follows:

(1) rapid cconomic growth

(2) privatisation policy development

(3) infrastructural lcapfrogging

(4) climinating large subscriber waiting lists

(5) producing data for accurate demand
forccasting

(6) devcloping echnological know-how

RAPID ECONOMIC GROWTH

Thailand is convenicnuly located in the world's fasted
developing geographic region. Thailand's cconomy has
also expcricnced strong cconomic growth in recent years
in comparison the OECD nations. In the period from
1988 10 1992, the GDP continucd to grow at an average
of around 16%, whilc maintaining a comparatively low
level of inflation (3). Despite the prolonged recession
expcricnced by most nations in the carly 1990s,
Thailand and its Asian ncighbours have continued 10
show robust cconomic growth (4).

Howecvcr, there has also been an increase in international
borrowings o cover the cost ol infrastructural
development needed o maintain the current rate of
economic development. In particular, this mcans that
huge investment in telccommunications infrastructure is
now rcquired. Total investment in network expansion in
Thatland from 1993 o the year 2000 is forecast o be in
excess of USSS.5 billion. In addition, tclephone demand
for 1993 was around 3.5 million lines and this is
cxpeeled 1o incrcase o 5.5 mitlion lines by the year
2000. The Thai government recognises that the total
financial and rcsources investment demands required
will be far greater than any previous development plans,

At present, onc ol the more urgent challenges 10 be
addressed is in Bangkok. The Bangkok arca has an
inadcquate (clephone system for its relative size and
intcrnational importance. Bangkok has an important
international airport and many leading international
firms have a presence in the Bangkok arca. Another
major problem is the difficulty of cncouraging
infrastructural development in the provinees.

The cxpcctation of the Thai government -is that
privatisation will encourage forcign investment and soft
loans for infrastructural development. Yet ihe Thai
government has been slow to commit 1o a time frame for
privatisation.
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PRIVATISATION POLICY DEVELOPMENT

Although commitied to the expansion of public utilities
and infrastructure, Thailand's previous Anand
Government rejected the idea of privatisation on the
basis that it could be used as a political tool for
politicians to profit through corruption during the
bidding process.

However, the Anand I Government, shortly after it took
powecr, decided to review the role of privatisation. It also
revicwed the three-million-line telephone project granted
by TOT to TelecomAsia, controlled by the Charoen
Pokphand (CP) Group. This resulted in splitting the
contract between two companies: The first is with the
CP Group (since renamed TelecomAsia), and
comprising the dcvelopment of a two-million-line
iclephonce network to service Bangkok. The second was
awarded to the Loxley-Jasmine consortium's Thai
Telephone and Telegraph Co. (TT&T) to provide an
additional one million lines for the provinces.
Tclecommunications services are being made available in
the metropolitan and provincial regions and access rates
do not vary significantly throughout the country even
though the services may be provided by different
companies or using different technologies.
Unfortunately, the decision by the government 10 review
contracts alrcady granted, as wcll as others, have had the
result of undermining the trust of the private sector in
the Thai Government's ability to honour contracts (5).

" Thai politics has also bcen notoriously unpredictable in

the past.

The Chuan Government, has continued 1o accept the
previous govermment's "spirit of privatisation”. It is also
rccognised by the Chuan government that the
underlying demands, trends and growth prospects need
10 be examined so that a major program of infrastructural
development can be implemented to caich up with
demand and 1o influence future socioeconomic growth
devclopment patterns and dircctions. According to the
Deputy Prime Minister, Dr Amnuay, privatisation has
now become an economic instrument for infrastructure
development; as wecll as the mechanism for a
restructuring of management strategies 1o increase
cfficiency and to strengthen private leadership in the
process of national development (6). Yet, despite the
Chuan government's effort to work toward the
development of policies that demand a greater input
from the private scclor, private investors arc still not
confident in the governments stance in honouring
contracts with privatc investors. Private
tclccommunications organisations in Thailand have also
been encouraged to work towards the establishment of
intemational (clecommunications projects. Ventures with
Cambodia and Laos have now begun and there are plans
for joint ventures with ncarby Myanmar and Victnam.

Another privatisation strategy identified is 1o allow
morc players (o come inlo new (clccommunications

industry sectors. Thailand has recently tncreased the
number of cable TV franchiscs to seven. The privatcly
owned companics, UCOM and Advanced Info services,
operale the two most successful That celiular networks
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(7). However, it should also be noted that although the
Chuan government have increased the number of
opportunitics by awarding more licences, they have not
yel relaxed licensing conditions such as network build-
oul and invesument requirements.

INFRASTRUCTURAL LEAPFROGGING

Rapid modernisation and cxpansion ol Thailand's
infrastructure is a key stratcgic objective. Yei, many of
the poorcr countrics ol Asia like Thailand, arc {ortunate
that they have lagged so far behind in the provision of
tclephone scrvices in the scense that they can
immediately adopt new technologics and a high fevel of
services which arc similar 10 those now in usc in
devcloped countrics. However, whilst such technological
leapfrogging can offcr new opportunitics, it also
presents some additional challenges that need o be
considered.

New cellular networks can now be deployed with less
time and moncy than conventional fixed-line systems.
For example, after the Cambodian peace accord, Ucom of
Thailand was ablc o set up & basic ccllular system in
Phnom Pcnh within six wceks. For this rcason, the
Intcrnational Telecommunications Union (ITU) has
estimated the mobile phones will outnumber fixed units
by 1997 in Thailand (8). In addition, TclecomAsia is
now deploying a state-ol-the-art {ibre optic digital
network within the Bangkok expansion plan which is
capablc of supporting a wholc new range of services.
Services currcntly in the planning stages include
intcractive shopping, intcraclive cntertainment,
vidcoconferencing/video (clephones, remote medical
diagnosis, EDI scrvices and distance education.

TelecomAsia is shifting from the existing switching
plan which 1s designed o support more than 73
cexchanges and many RSUs and is adopting a more
concentrated approach. The switching hicrarchy approach
adopted relies on new switching wehnology and up 109
switching sites. The capacity o be installed a cach
Centralised Switching Node (CSN) in the network will
cater for a potential 2 million lings. Each CSN consists
ol a numbcer of 60,000 line capacity Group Switching
Processors (GSPs) that arc fully interconnecicd with
cach other and intcgrated with TOTs existing crosshar
tandem exchange as well as the newer digital tandem
exchange nctworks. Access 1o the CSNs is facilitated by
a transmission nctwork of fibre optic Customer ling
Interface/concentrator units - sometimes referred 1o as
Remote Concentrator Units (RCUs) - which form the
{ront cnd part of the switching sysiem. The new network
is being instatied as on overlay 10 that ot the existing
TOT network and thus offering maximum [lexibility in
distribution and switching capacity.

Howcver, this strategy is also not  without its
difficultics. Replacing  clectromechanical
telecommunications networks with digital wechnology
requircs very high levels of investment largely because
there arc many incompatibilitics berween old
infrastructurc and ncw 1cchnologies and therefore need
10 be deployed in fult blocks. Given that switching
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cquipment represents onc of the most expensive
clements of new digital nctworks in terms of capital
costs and ongoing running costs, centralisation offers a
better utilisation of resources. In this case, the benefits
of a morc centralised nctwork have to be wcighed
against the risks it presents. The failure of a large CSN
can isolate whole communitics. In Bangkok, this risk

has been reduced by parcnting concentrators on o
diffcrent processors and by cnsuring that there is
adequate built-in redundancy and recovery facilities
available (9).

NUMBER OF YEARS TO ELIMINATE WAITING
LISTS

The idca of a "tclephone on demand™ also appears to bc
the key strategic objective that is hoped to be achieved
in as short a time as possible. At present Telephone line
penctration in Thailand is low. There are only about 3.1
iclephone lines per 100 people and in Bangkok alone
and there arec more than 1 million names in the waiting
list of the Telephone Organisation of Thailand (10).
This mismatch betwcen the demand for telephone
services and the ability 10 kcep pace means that the
demand for mobile wclephony and paging services has
been boosted. Yet despite this, the cellular penctration is
also still low and was cstimated by Pacific Link in
Hong Kong 10 be 0.72 in 1994 (11).

The 2 million lines to be installed in Bangkok by
TelecomAsia and the 1 million lines to be instatled in
provincial areas by Thai Telephone and
Tclecommunication (TT&T) will increase the number of
lines 10 about 8 per 100 pcople. Both TelecomAsia and
TT&T are confident that they can complete their current
contracts by 1996. In addition, thc Tclephone
Organisation of Thailand itsclf, plans (o install a further
1.1 million lincs in order Lo achicve a penctration level
ol 10 lincs per 100 pecople nationally under the current

+ five ycar plan ending in 1996. However, in April 1994,

the line penctration was still less than 5 lincs per 100
people. 1t is belicved that because the government is
now under pressurc o allow other companics into the
tclecoms market, it will soon ask TclccomAsia and
TT&T 10 waive Lheir S-ycar protection rights banning
other companies from installing any new lines in current
arcas granicd concessions. These protection rights are
due o expire in 1997 for Telecom Asia and in 1998 for
TT&T.

It is cstimated that Thailand will nced o install 13.5
million lincs by the ycar 2001 1o meet the projected
demand (12). In fact, the 1TU has cstimated that based
on recent growth rales in main lines, the fong waiting
lists will not be climinated until around the year 2000
(13). This forccast could also be unrcalistic as further
cconomic development will result in a rapid increase in
the number of lines required per 100 people. The
penetration level forceast of 9.35 for the year 2000.(14)
may in {act bc well below the demand levels necessary
(o sustain {urther cconomic growth as businesses
themselves become more dependent on a range of
tclephony and information scrvices.
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From an cconomic perspective, there is also pressure
from Asia Pacific Economic Cooperation (APEC)
economics for Thailand o achicve a national penctration
level of more than 20 lines per 100 people. Thailand
will not be able 10 become an APEC member until this
level is achieved.

DEMAND FORECASTING

Onc major difficufty with accurately forecasting demand
for new services is the lack ol relevant historical and
tcchnical data required by the quantitative approaches
normally wuscd. In an cnvironment where the
technological, and sociocconomic parameters are all
rapidly changing, thc problem becomes more complex.
As a conscquence a wide range of methodologics have
been adopted by some developing nations (15). In the
casc of Thailand 100, the ability 1o demand lorecast will
be of stratcgic importance and will depend on a supply
of accurate data - in conjunction with the development
of appropriate national cconomic forecast scenarios. This
will involve a range ol mcthodologics and input trom
markct information, penctration rates and ¢conomic
predictions on the demand side. On the policy driven
side, this will involve the identification of the effccts of
policy on demand and the stimulation ol new service
utilisation. Pricc capping mcasures for example, may
significanuy influence demand.

DEVELOPING TECHNOLOGICAL KNOW-HOW

Another key chalienge identified is the need o develop
cssential know-how 10 meet ongoing operational and
service requirements for major new infrastructural
projects. In particular, digital switching cquipment and
fibrc optic wransmission echnology know-how arc
becoming essential o meet the anticipated demand for
higher bandwidth and more speciatised services such as
EDL This is a difficult challenge for most developing
countrics as ncarly 90% of all wleccommunications
equipment which forms the weehnological and economic
corc of public clccommunications infrastructure, is
produced in OECD countrics (16). Consequently, most
devcloping countrics like Thailand have adopted
policics to cncourage the involvement ol major
inicrnational eleccommunications companices in local
infrastructure development.

The ability 1o act cltectively will also depend upon the
co-development of other core technology related
compelencics. In particular clecommunications software
and systcms cngincering relating directly 10 the
provision and mainienance ol competitive and cllicient
serviees. These core competencics are now considered by
the Thai government 1o be xo important that it is
essential that they are developed - at east o some
extcnt - within Thailand rather than relying on outside
supplicrs. Universities such as Bangkok's Assumption
University, arc al present planning the introduction of
ncw Ielccommunications degrees o inerease both the
number and range of formal telecommunications courses
available in Thailand. Such course development will
also serve as a basis for (uture R&D programs that will
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help 10 undergird the future development of national
tclccommunications infrastruclure.

5. THE FUTURE

Planning under conditions of complexity, uncertain
cconomic forccasts, imperfect information and working
under the changing views of political representatives,
the present Thai government has no alternative but 10
limit its longer tcrm strategic planning 1o the
construction of visions in deciding what futurc moves
they should make. These visions are not merely the
result of processing information received from the
environment within which they operate. 1t also involves
interpreting information based on belicfs and historical
factors. It is these visions that allow an organisation Lo
cnvisage the future and therefore decide what actions are
1o be taken.

Although nowhere explicitlly stated, the vision of
Thailand's tclecommunications future embodies the
following clements: The [irst esscential element of
creating future strategic visions is the establishment of
sullicient lines so that demand can match supply in as
short a time as possible. Sccond, the key force driving
the future competitivencss is the introduction of
competition. Third, most financial, technological and
human resources will be supplicd by international firms
who arc cncouraged to have a presence in Thailand
through concessions. It is also anticipated that
competences related to improved competitiveness and
rcturns will also be delivered by cooperation with
international tclccommunications firms. Finally, and as a
way of avoiding excessive reliance on foreign
transnational corporations, the devclopment of
indigenous telccommunications firms is encouraged
through the government bidding process favouring local
enderers.

To date, Thailand, has not undertaken a comprehensive
telecommunications sector rcform approach. Instead, it
has taken a scrics of tentative sicps has been taken
towards opcning up the local tclecommunications
industry 10 privaic investment. However, because of the
continued poor performance of CAT and TOT, pressurcs
for reform based on privatisation policy have increased
in rccent years. Such outlooks are also supported by
cxternal views bascd on the experiences of other
devcloping countrics. In a report released by the Word
Bank that synthesises Iessons of experience of special
rclevance for Asia's devcloping countrics, it i$
concluded that government support for monopolies
hascd on arguments of cconomies of scale and scope is
not a valid onc (17). One of the main concerns it raiscs
is the ability of the tclccommunications sector of
developing nations o keep pace with the region's
growth and expansion. It is argucd that many nation's
have alrcady paid decarly for the limited attention
accorded 10 the iclccommunications sector in the past,
and the sociocconomic costs associated with apparent
incfliciencies of stalc owned and operated telco. The
inability 10 mect underlying demand, is a crucial
problem which will impact future cconomic growth.
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AL a more general level, we behieve that collecuively,
these developments have highlighted the urgent need lor
scclorwide stratecgic planning and the paratlel
development of an appropriate scctorwide legislative
recgime Lo manage and controt the future directions of
Thai clccommunications so as 10 cnsure that the key
stratcgic objectives can be achicved with a given set of
resources, and within the time Irame required. A clear
statcment of the strategic objectives and ol the future
roles of the principle public and private players is what
is now nceded. We  propose that  strategic
implementation requires a it between strategy and
telecommunications infrastructure  design  and
implementation. This means that stratcgic planning must
be vicwed as both a process and a state: It involves a
dynamic and intcractive scarch that seeks o align the
local clccommunications industry with its environment,
This mcans identilying and aligning the available
resources internally 1o support the external and more
compclitive stance ol the national  industry
infrastructure. In practical werms, stratcgy becomes the
basic alignment mechanism  and  the  internal
arrangements arc organisational and regulatory structure
and management processes. Although this approach is
expected o be applicable for many nations, this analysis
suggests that the alignment is eritical and more dillicult
to gauge lor rapidly developing nations such as
Thailand.

6. CONCLUDING REMARKS

The primary emphasis of this analysis was (0 determine
the relationship between strategy and organisational
structure for elecommunications in Thailand, Tt is
presupposed that the regulatory systems in place are
nceded o link public objectives and concerns with
privatc incentives (18). While (he strategy-
organisational structure was highlighted, cvidence lor
supporting the tonger term strategic goals of Thaitand
was found o be fimited. Yet, current changes in the
tclccommunications industry are offcring rapidly
developing nations like Thailand unprecedented
opportunitics and change aflecting social, cultural and
economic activities,

With the complexity and torecast growth of the Thai
telccommunications industry, the swudy of stralegic
planning issucs has become extremely important. Most
telccommunications organisations, arc operating in
markcts where competition is rapidly intensilying as
both the range and number of competitors is increased.
To succeed in these markets, smalt developing nations
must successtully implement swrategic planning
strategics 1o provide them with sociocconomic
advantages.

We conclude then, that strategic planning as delined in
the preceding section is crucial for Thailand, We have
identificd possible arcas ol concern and conclude that
the time is also now right 1o give strategic planning a
highcr status as both a state and as a process. In
practical crms, 0 recrcate the role of the internal
management arrangement of TOT and aligning ity
regulator and organisational structure with the strategic
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mechanisms in place is now the challenge. Whether the
strategic stance presently being adopted by the Thai
government will be functional, in the sense that it will
aid fuwure cconomic growth in an increasingly complex
operating environment, or will be the source of
significant shoricomings is a crucial question, the
answcr 10 which will only emerge in the yecars beyond
2000

REFERENCES

{11 Charmonman S. 1994. Telecommunications in the
Pacific Basin: An evolutionary approach, Oxford
University Press, 201-216.

{2] Hoshi M., C. Yiannakou, A. Sanati and M. Ghazal,
1992. ISDN introduction planning in developing
countrics: CCITT GAS9 case studics. Proccedings of
SUPERCOMMY/ICC'92, Discovering a new world of
Communications, New York: IEEE, June 1992, 2:1732-
1736.

[3] Mytri P. 1993, Mild rccession or gentle recovery?
Bangkok Post, July 19 1993: 11,

[4] Asian Development Bank 1994. Asian Development
Outlook 1993., Asian Devclopment Bank, Manila:
Oxtord University Press, April 1993.

[5] Chantranontwong P. 1992, Investing to close
income gap. Bangkok Post, December 31, 1992: 42-43,

(6] Chantranontwong P. 1993. Privatisation o remedy
congestion. Bangkok Post, July 19 1993: 33,

(7] Parker P., A. Owen and M. Kelly 1995. Financing
new  Lelecommunications systems as competition
increascs.  Proccedings  of the Pacific
Telecommunications Council Seventh Annual
Conference (PTC'95), Honolulu, Hawaii, January 1995:
661-6635.

[8] Clifford M. 1994. Pressurc for change: Technology
brings a widc array of growth options. Far Eastern
Leconomic Review in Asia, April 7, 1994: 36-55.

[9] Vimolvanich V. 1992. Bangkok nciwork expansion
project. Proceedings of the 1992 ISS International
Swilching Symposium, Yokohama, Japan, October 25-

30, 1992: 102-105.

(101 Fairclough G. 1994. Thailand: Markets and magic.
Far Eastern Economic Review, April 7 1994: 41,

{11] Clilford, Op. Cit.
[12] Vatikiotis M. 1995. Alarm bells: Thai tclecoms

privatization plan worrics private sector. Far Eastern
Leonomic Review, April 20, 1995: 72.

(13] Clitford, Op. Cit.

-,
o

_“ﬁ\
S



(14} ITU Report 1994, World itelecommunication
- Development Repori: World telecommunication

indicators, Geneva: 1TU.

(15] Hoshi, Op. Cit.

[16] Antonclli C. 1991. The diffusion of advanced

telecommunications in developing countries, Praxis:

Devclopment Centre of the Organisation for Economic -

Coopcration and Development Centre, Washington-DC:
OECD.

{17} Smith P. L. and G. Staplc 1994,
Telecommunications Scctor Reform in Asia: Toward a

new pragmatism. World Bank Discussion Papers (232),

Washington DC: The World Bank.

{18} Sinha N. 1995, Regulating wcleccommunications in
developing countrics: an institutional analysis.
Proceedings of the Pacific Telecommunications Council
Seventh Annual Conference (PTC'95), Honolulu,
Hawaii, January 1995: 370-377.

212

<41



End-To-End Multimedia Service Management Enabling Collaboration In A Distributed
Enterprise Environment

Miyuki Sato, Kiyoh Nakamura
FUJITSU LIMITED
2-15-5 Shimokodanaka, Nakahara-ku, Kawasaki 211, Japan
Sharad Kumar, David Liu, Rao Mikkilineni
NETWORK PROGRAMS, Inc.
255 Old New Brunswick Road, N320, Piscataway, NJ, 08854 USA

1. ABSTRACT

With the advent of new low cost desktop switching through ATM(Asynchronous Transfer Mode) network, the
complexity of the network and hence high operation cost can be reduced by providing voice, data and video over
ATM and Synchronous Digital Hierarchy(SDH)/Synchronous Optical Network(SONET) network. In this paper,
we present Inter Domain Manager(IDM) that is a key concept in the end-to-end multimedia service infrastructure
and an environment for necessary service management that allows real time associations between the
consumers and the resources.

2. INTRODUCTION

Global competition is forcing today’s enterprises to
optimize their enterprise-wide resources and reduce
time to market in order to meet the market place
demands. Timely enterprise-wide information access
and cross functional work-group collaboration are
becoming critical to be competeive. Some of the
enterprises are connecting their world-wide
operations using high speed networks to access
large volumes of R&D data for quick consumption.
Others are providing important information often in
multimedia formats in a timely fashion to people that
needit. Few are even attempting to exploit quality
video conferencing among work groups that are
geographically distributed. In most of these cases,
the change to high speed networks is evolutionary
from their current low speed voice and data
networks.

With the advent of low cost desktop switching
through Asynchronous Transfer Mode (ATM),
enterprises are beginning to consider private network
solutions even before public ATM backbone
becomes available to meet their inmediate needs.
Figure 1 shows the rapid drop of cost per port versus
time that is a major factor contributing to this trend.
In addition, the possibility of a single network that
can carry voice, data and video is attractive because
it will be simpler and cheaper to operate and
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manage. Figure 2 shows a recent comparision of
different networking technologies in the enterprise.
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The trend clearly shows that ATM technology is
becoming competitive when costs are considered.
Possibility of a private switched video network that
can also provide data and telephony at no extra cost
offers efficiencies through bandwidth management
on demand. It becomes even more attractive if the
operation and management costs are aiso reduced
using such a network. However, there are few
obstacles to deploying such a video network today:

*  Today’s multivendor ATMs do not inter-operate
and it is difficult to provide end to end service
applications enterprise-wide while integrating the
computing environments with existing Local
Area Networks (LAN).

e Reliable service architectures do not exist that
can support multiple services enterprise-wide
like video conferencing, “drag and drop” file
manipulation capability across the network and
multimedia information on demand on the same
platform.

e  Multiple service applications are difficult to
implement because no service programming
interfaces exist that will allow these applications
to collaborate with each other. For example,
video conferencing application working in
concert with application supporting remote file
access through “drag and drop” facility.

e ltis difficult to implement a private switched
video network to the desk top because
bandwidth and resources for on-demand
applications can not be easily managed today.

In order to take advantage of the new ATM
technology and provide a simpler to manage, high
speed switched network to the enterprise desk top,
some key service integration issues have to be
addressed through software.

In this paper, we present an attempt to address
some of these issues. First, we will describe a
prototype architecture that allows integration of
multiple network domains in the enterprise including
ATM, Synchronous Digitial Hierarchy (SDH)/
Synchronous Optical Network (SONET), video server
and Legacy LAN networks. Using this architecture,
end-to-end services are provided across the network
using the services provided by an Inter Domain
Manager(IDM). This provides an immediate solution
to connection management across not only
heterogeneous ATM switching equipment but also

across different network domains. In addition, the
IDM provides an Application Program Interface (API)
for developing end-to-end network and service
management applications that will support an end-to-
end switched network to the desk-top. We are using
this prototype to study the end-to-end network and
service management reqirements for ATM based
enterprise networks.

3. END-TO-END MULTIMEDIA SERVICE
INFRASTRUCTURE AND ENVIRONMENT

3.1 SERVICE INTEGRATION ARCHITECTURE

Figure 3 shows the required interconnectivity in an
enterprise that promotes collaboration and
information sharing among the people independent of
geography.

Video and Image
TVErS

Video Conferencing or
Muliimedia Work Station

Video Conferencing or
Muliimedia Work Station

Figure.3 ENTERPRISE NETWORK MODEL WITH
MULTIPLE DOMAINS

With the advent of ATM, there is a possibility to
transform today’s shared type of network to switched
network using bandwidth management. This not only
allows the optimal use of shared resources in an
enterprise through bandwidth on demand but also
allows the consolidation of voice, video and data
traffic on a single network. Such a switched network
to the enterprise desk-top can provide economies of
management while allowing interactivity and
collaboration among the participants across the
enterprise. Some of the examples include:

e  Sharing files and data across the enterprise with
“drag and drop” capability from any desk-top to
any other desk-top.

o  Establishing on demand connectivity across
multiple paticipants to support collaboration
applications independent of transport technology
used or the heterogeniety of the network.
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Figure 4 shows a typical heterogeneous, multi-
domain enterprise-wide network. The wide area
network connectivity can be provided by private lines
using, SDH/SONET, Frame Relay, or through a
public switched network.

Figure 4 EXAMPLE OF HETEROGENEOUS AND
MULTI-DOMAIN ENTERPRISE-WIDE
NETWORK

In order to provide a switched network from desk-top
to desk-top, a software service. architecture must
support this network where multiple software
applications can provide different end-user services
like video conferencing, LAN interconnectivity etc. In
addition, this service network must be reliably
operated and managed at a reasonable cost. Figure
5 shows such a software service architecture.

End-to-End
Network and System View

Systems Integrator
GuU1

Eﬂ

End-10-End
Service View

=T

Figure 5 SERVICE MANAGEMENT
ARCHITECTURE

End-to-End
Network and Service View

Network Opeumr
Gut

g,

Business Process Supporl

Service Management

Inter Domain Management

This picture represents three different views namely,
end user view, system operator or manager view and
a systems integrator view. In an enterprise, multiple
applications usually supports a business process.
The applications in turn utilize various end-to-end
network services to provide the required functionality.
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From the end user point of view, the following
services are required:

e  Support for existing workgroup applications
across multiple domains transparently (e.g.,
video conferencing )

e  Support for access to remote information easily
(“drag and drop” across domains)

e Integration of video, voice and data call setup
for information on demand

From the network operator (manager) point of view,
the following services are required:

*  Provide service visibility needed to manage the
network

e  Allow local network re-configuration

e  Support retrieval of usage information for
application development

*  Provide network management for muilti-vendor
equipment

e  Support Graphic User Interface (GUI) for
service & network management

From the Systems Integrator or Service Planner
point of view, the following services are required:

e  Support installation of both network and service
management applications

e  Define generic Inter Domain and Local Domain
management interface to facilitate integration of
new domains easily

e Define a feature-rich Service Management
interface (provided by API) to support service
development

e  Support local and inter domain services that can
accomodate multiple technologies and different
vendor equipment

In addition, multiple applications must coexist and
cooperate in order to fully integrate the operation and
management of the network and various services
provided by these applications. This is accomplished
by providing an Inter Domain Manger(IDM) that

2
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offers application services for common service,
session and connection management across the
network.

In order to realize above requirements for end-to-end
services, proposed infrastructre in
Telecommunications Management Network(TMN)[1]
is shown as Figure 6.

TMN

End ts Eod

Service Network

Scrvicey
Management

Groupware

- Multi-domatn network management

Network Connection management for ATM & SONET

Management

Element
Management

Network
Elements

- Figure 6 INFRASTRUCTRE FOR MANAGING
END-TO-END SERVICES

The infrastucture consists of the following elements: -

‘A Local Domain Manager(LDM) allows
provisioning and management of local
resources, auto-discovery of network inventory,
processes traps, maintains routing table for
connections in a single domain, and responds
to requests from the Inter Domain Manager
(IDM).

An Inter Domain Manager (IDM) allows
integration of multiple domains, technologies,
and heterogeneous vendor elements by .
interacting with LDMs. In the near-term it will
-address interconectivity issues across
heterogeneous ATM switches and in the long
term (when signalling is standardized across
muitivendor switches), it will still provide
integration of muitiple domains and
technologies. In addition to this, IDM provides
feature-rich Service Management interface
(provided by API) to service management
applications.

Service management supports generic service
provisioning, service negotiation, multimedia
data management and GUI by interacting with
IDM through Service Management interface
(provided by API). Service management

applications are the applications which provide
service-specific network partitioning and
provisioning, dynamic reconfiguration, real-time
fault management,real-time billing necessary for
distributed enterprise environment.

In following sections, Service Management
Functions, IDM, Service Management Applications,
Example Imformation On Demand Applications will
be decribed.

In the current prototype, we have included miti-
vendor ATM's along with Ethernet. However, the
SDH/SONET domain will be investigated in the
future[2][3][4][5]-

3.2 SERVICE MANAGEMENT FUNCTIONS

Required functions for service management which
collaborates with Inter Domain Manager(IDM) are as
follows.

Resource and network configuration for new
network

Service negotiation and provisioning for new
user

Multimedia DataBase(DB) access on-demand

GUI for system initialization, inter-domain
network management, and system testing

Resource and network configuration functions are
required to configure resource and network for a new
network and to input configuration information to an
inventory database. Service negotiation function is
required to negotiate with new subscribers in order to
create a service contract and to support customer
services on different type of networks, such as
Private Network (PN), Virtual Private Network (VPN),
Public Network. Necessary functionalities for each
network are as follows.

For PN:

To allocate dedicated physical facilities for user's
bandwidth-critical application

For VPN:

To guarantee bandwidth for VPN subscribers and
phisical facilities to be shared by multiple VPNs

For Public Network:

216

245




Analogous to Plain Old Telephone Service
(POTS), on-demand, sharing facilities, bandwidth
availability not guaranteed, using with VPN and
PN for overflow

Multi media (MM) DB access on-demand function is
to support on-demand access to Multi media(MM)
DB from desktop and to provide VPN/PN routing
based on customer’s contract. GUI allows
collaboration between IDM and inventory DB and
allows easy-to-use interface for system initialization,
inter-domain network management, and system
testing.

3.3 INTER DOMAIN MANAGER

The Inter Domain Manager (IDM) which collaborate
with service management and collect necessary
information from Local Domain Manager(LDM). It is
designed to:

¢  Coordinate services across domains

Establish and maintain agreed upon Virtual Path
Identifier (VPI)/Virtual Channel Identifier (VCI)
values across inter-domain points

Contain no detailed knowledge of any particular
domain

Provision and monitor connections across inter-
domain points

e  Provide end-to-end routing across domains

IDM provides above functions and manages
configuration/ fault/performance/accouting/security
necessary for service management based on the
information which is exchanged between LDM and
the IDM. For example, routing service to select
optimal path through lines from the cost, speed,
resource points is very important customer to avoid
loss of business opportunities. IDM decide routing
path from the end-to-end point of view and agreed
upon VPI/VCI valus across inter-domain points and
establish the connections. In adiition, these functions
can be accessed from the service management layer
through Service Management interface(provided by
API).

LDM:

Each LDM is designed to provide and manage
resources in a single domain, to process traps in a
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single domain and relay filtered traps to IDM, to
maintain routing table for connections within
domain and ingress and egress points of the
domain, and to take appropriate action to IDMs
connect or disconnect request.

3.4 SERVICE MANAGEMENT APPLICATIONS

Service
Applications

&o

Network
Partition & A
Qrovisko "

(D Read static config. info for the domain from the
DB

Q) Pass LDM topology info to IDM with gateway
points

(3 HP-OV Apps request IDM & LDM config. &
topology info

(@ IDM Prov requests config. info for inter domain

(® Network patitioning for VPN/PN and public
networks

(® LDM patitioning for VPN/PN and public networks

(D IDM Prov. passes public network info to IDM
Connection

LDM Prov passes Public network Info within local
domain

(9 Connection request from a client application

Connection request with gateway points if needed
passed to LDM Conn

Contlg. vO\‘

-

Figure 7 SERVICE MANAGEMENT
APPLICATIONS

Figure 7 shows the process flows of service
management applications collaborating with Inter
Domain Manager(IDM).

The service applications implement the following:
¢ Request local & inter domains configuration data
from IDM Configuration
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*  Build & maintain HP-Open View object database
e Display network configuration maps

* Receive network change notifications & update
maps

¢  Allow network operator to monitor entire network
& query data for any network elements

s  Customizable to provide Customer Network
Management view

This environment for service management allows
associations between the consumers (e.g., the end
customer) and the resources (e.g., the switch and
other network elements being used to provide the
service). This ability allows to provide network
partition & provision, auto discovery & dynamic
reconfiguration, real-time network trouble shooting,
and real-time billing services using above process
flows.

3.5 EXAMPLE INFORMATION ON DEMAND
APPLICATION

Using the Inter Domain Manager, a service
application is created that allows information from a
video server to be accessed from any desktop in the
network. In addition, “drag and drop” capability is
demonstrated from any desk-top to any other desk-
top. The network consists of three different vendor
ATM switches providing connectivity to desk-top
using both Unix and Windows based workstations.
Establishing on demand connectivity across multiple
participants allows “applications to support
collaboration among work groups in an enterprise-
wide network”. Video clips/Graphics for news, stock
informaion are some of the example applications.

These applications are developed using a
methodology that allows process definition and
corresponding software application development.
The development process consists of the
following[6]:

*  Define Process flows & System requirements
o  Represent Process flows & Annotations

e  Create Information flows

* Idetify Objects and Services

e  Capture Dependencies

e Implement as Object Oreiented Development
Method :

4. LESSONS LEARNED

Some of the lessons learned from our prototype are
as follows:

* . Keeping track of real time associations between
resources, service objects and consumers
allows real time fault management and dynamic
service management.

*  Auto discovery of network configuration can be
easily supported by taking advantage of the
services provided by intelligent network
elements and their element management
systems. This feature helps address some of
the database sysnchronization p