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FOREWORD

As information transfer becomes more important to all
levels of society, a number of new telecommunication
services to homes and between institutions will be required.
Many of these services may require broadband transmission.
The new services may, in part, evolve from those provided by
cable television.

This is one of a series of reports resulting from a
survey of the CATV industry and reiated technological
industries. The survey identifies some of the important
technical factors which need to be considered in order to
success fully bring about the transition from the technical
state of today?!s cable television and services to those new
teleservices which seem to be possible in the future.

The current and future broadband capabilities of ¢
telephone networks are not discussed since they are
described in many Bell Laboratory and other telephone
company publications. Also, the tremendous load projected
for common carriér telephone and data systems in voice and
data communication suggests that two-way, interactive,
broadband networks, not now in existence, may be required in
addition to an expanded telephone network. The many aspects
of economic viability, regulation, social demand, and other

factors that must be considered before the expectation of



the new teleservices can be fulfilled are not within the
scope of‘these repbrts. These reports concentrate on
technical factors, not because they are most important, but
because they have begn‘less considered.

A report about the state-of-the-art and projecfions of
future requirements in a complete technology draws material
from a vast number of sources. While many of these are
referenced in th% text, much information has been obtained
in discussions with operators, manufacturers, and consulting
engineers in the CATV industry. Members of the National
Cable Television Association, particularly, have been most
helpful in providing information, discussing various
technical problems, and in reviewing these reports.

Because of the substantial amount of material to be
discussed it was believed most desirable to present a series
of reports. ’Each individual report pertains to a sub-
element of the total system. However, since some technical
factors are common to more than one sub-component of the
system, a reader of all the reports will recognize a degree
of redundancy in the material presented. This is necessary
to make each report comp;ete for its own purpose.

The title of the report series is: A Survey of

Technical Requirements for Broadband Cable Teleservices.

The seven volumes in the series will carry a common report

iv
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number: OTR 73-13. The individual réports in the series

are sub-titled as:

A Summary of Technical Problems Associated with
Broaguand <acie Teleservices Development, OT
Report No. 73-13, Volume 1.

Subscriber Terminals and Network Interface, OT
Report No. 73-13, Volume 2. /W
S /

Signal Transmission and Delivery Between Head-End
and Subscriber Terminals, OT Report No. 73-13,
Volume 3.

System Control Facilities: Head-ends and Central
Processors, OT Report No, 73-13, Volume 4.

System Interconnections, OT Report No. 73-13,
Volume 5.

The Use of Computers in CATV Two-Way Communica-
tion Systems, OT Report No. 73-13, Volume 6.

A Selected Bibliography, OT Report No. 73-13,
Volume 7.

W.F. Utlaut
Project Coordinator and Deputy Director
Institute for Telecommunication Sciences
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A SURVEY OF TECHNICAL REQUIREMENTS FOR BROADBAND
CABLE TELESERVICES

SYSTEM INTERCONNECTIONS

Peter M. McManamon*

The interconnection of existing and future CATV
systems for two-way transfer of audio/video and digital
data signals has been surveyed. The concept of inter-
connection is explored relative to existing and proposed
CATV systems and broadband teleservice networks, common
carrier services, facilities and growth projections, and
the technical-economic state->f-the-art of the required
technology. The need for interconnection is reviewed.
Satellite and line-of-sight microwave transmission in
addition to digital versus analog transmission systems,
aspects are considered in terms of interconnection.

Some potentially significant queueing problems are
identified.

Key words: CATV, Cable TV, Interconnection, Common Carrier

Services, Teleservices, Satellite Television
Distribution, Broadband Cable System Queueing

t. INTRODUCTION
The traditional franchised CATV system is viewed as a

telecommunication entity in this survey. Independent of its

[+
o+

roo
- —

internal configuration as e,
this individual CATV system entity may or may not
interconnect with similar geographically adjacent entities

or with geographically non-adjacent CATV systems through an

*The author is with the Institute for Telecommunication
Sciences, Office of Telecommunications, U.S. Department of
Commerce, Boulder, Colorado 80302.



‘interconnection network. An interconnection network is
defined as a broadband telecommunications network which
provides CATV systems with the means to collect information
signals from other CATV systems or other sources or to
distribute information to other CAI'V systems Oor users.

CATV systems originated in response to a need for over-
the-air connection to the television broadcast stations and
networks for a variety of reasons, including adverse
propagation conditions. The CATV head-end was connected to
both local and distant television stations and FM radio
stations as well as the national broadcast networks. The
methods of connection include off-the-air direct reception,
coaxial cable relay, and microwave radio relay. The service
traditionally has been one-way distribution of entertainment
television and FM radio. More recently some local program
origination has been provided as well as education and
public affairé programs. Oné—way distribution of CATV
programs originated by the CATV system to other CATV systems
is viewed as a form of interconnection. Two-way services
are still largely in the speculative or experimental stages.
With two-way services, interconnection needs also arise.

Rheinfelder (19790) gives a thorough introduction to many
aspects related to CATV systems. Sackman and Boehm (1972),

Martin (1971, and Baer (1971) are among many autnors who



discuss aspects of two-way systems and proposed or planned
services to be offered. shapiro's (1972) doctoral thesis
considers many aspects of system interconnection in studying
networking in the industry. In addition, the bibliography
mentioned in the foreword provides numerous other /
references.

Finally, it is desirable'to note the relevant current
activities of the panels of the FCC Cable Television ﬁﬂf”w
Advisory Committee (C-TAC). This committee has @ﬁfive
participation of the CATV industry and manwfré;ated
industries. Panel 7 of the Committee is particularly
concerned with matters relagj.'n"q"ﬂ;o system interconnection
and interface capability:

This repcrt reviews existing connections and
:ntezconnections as an introduction to the needs and
concepts of CATV system interconnection. The report cannot
be considered as comprehensive because of the scope of the
subject. Systems and technoloéy required to accomplish this
interconnection are discussed. The starting point is a
summary of interconnection problemé and needs, particularly
as they relate to the growth of the CATV industry.
Unaveidably this summary assumes some of the background

given in subsequent sections.



2. SUMMARY AND RECOMMENDAT IONS

CATV systems grew out of a need for improved reception
of televisicn broadcasts. 'ThiS‘chapter is concerned with
CATV system interconnection in the larger view of broadband
telecommunication connections which include but are not
limited to television. Interconnecﬁion can be on a
metropolitan, regional, national, or inter.iational basis.
The development of many proposed.services, incluwding a
partial substitution of telecommunications for travel, have
the long term potential of needing hundreds of television
channels within communities of as few as 30,000 subscribers.
The results of a gqueueing analysis discussed in section 5.4
suggests such a possibility. With such demand for
television channels in a CATV system, the need for
extensive interconnection regionally or nationally may not
be as great as some forecasts suggest.

On the other hand, many services proposed (including
partial substitution of telecommunications for travel) may
require axtensive regional and national interconnection in
order to be implemented in the near future. The systems

will necessitate large computer systems and software

capital. Once established and proven, the services would

begin to be implemented locally.



The current problem is the lack of complete system
designs, cost estimates, and performance evaluations for
implementation of most proposed two-way services. Certain
parts of each system would have to be implemented in order
to develop engineering-economic data for performance analy-
sis. System designs would not have to be developed for all
services imu.cdiately. It would be a significant
contribution to work out the details of even one of the
proposed services. System designs published by others
(Mason et al., 1972; Baer, 1971) provide good starting points, but
are inadequate in design detail. Performance and cost
estimates are difficult to develop without such design
details although some authors (Sackman and Boehm, 1972) do
give éost and performance estimates without extensive system
design details. System designs with experimental
demonstration of hew equipments required may improve the
climate for capital investment since the "research and
development " risks would be substantially lessened.
Additional investment considerations are discussed by Park"
(1972) and McGowan, et al. (1971).

A secondary aspect of the system design problems

concarng th

........ s 1 telephone switched system. AS reviewed
in table 9, many proposed services could be implemented

through regional interconnection using the existing




telephone system. Commercially available terminals can be
interconnected through Data Access Arrangements. The touch-
tone telephone has numerous potential applications which
provide many of the proposed services as described by Martin
(1971) . A number of unanswered gquestions arise:

a) Which of the services proposed are better suited
to the switched telephoi.e network?

b) Why are these services not being markéted at the
present time, using existing terminals,
computers, and the télephOne system?

c} What would be the effect on top 100 market
penetration by CATV systems if aggressive common
carrier conpetition developed for some of the
proposed CATV system services?

The second major problem concerns the existing tele-
communications capacity in the United States for support of
CATV broadband signal ihterconnection. The possible rates
of growth in view of the demands for other services is a
problem. The ATET projections for their voice and data
commoﬁ carrier network growth to meet 1980 demands is over
3,000,000 new channel miles (section 3). The present
1,180,000 channel mile microwave netwerk is only one=third
of the projected 1980 network. Two-thirds of the required

new network must be constructed.



Projections for terrestrial, specialized data, common
carriers suggest little if any excess capacity for CATV
interconnection. The large bandwidth radio and wavegueide
transmission systems are largely in the research and
development cycle. The Canadian.and U.S. Domestic Satellite
systems as launched or proposed total over 624 transponders
in synchronous orbit. Each transponder can relay one color
television broadcast quality signal. These systems
generally use the 4 GhHz and 6 GHz terrestrial common carrier
transmission bands and have to operate at reduced radiated
power 1evels‘to avoid interference. The effect of operating
at reduced power levels is an increased cost of
transmit/receive and receive-only ground terminals ($200,000
and $100,000, respectively). Further, the ground terminals
must be located away from existing microwave links (see
fiqure 4). New microwave links will be needed to
interconnect the earth terminals with the CATV systems.
Projecticns of CATV ihterconnection system needs to
determine if sufficiént capacity will be available or is
being planned for future development does not appear to hawve
been published. If the information does exist in one place,

. <3 N
5 nct readily availatblse,

[l

A
[
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The third major problem area in CATV sgystem

interconnection involves the cost projections for regional
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or national distribution. Distribution costs by terrestrial
microwave and satellite are shown to be within the same
order of magnitude (éee sec. 3). Costs on the order of
$1.00 to $2.00 per month per subscriber are estimated for 25
program hours per week and 110 CATV systems. Good economic
estimates are not available for substantiaily larger
networks and increased program hours per week, but it would

be difficult to reduce costs of one-way television

distribution beléw $0.25 per subscriber per month for a
10,000 subscriber CATV system. Basically some engineering
cost projections and analysis must be developed. They must
be based on well-defined services in order to carefully
estimate the network scheduling and administrative costs and
the eguipment needed at the CATV system head-end. The
system designs mentioned previously would be needed here.

Some indicétious are developed in section 3.3 which
suggest that CATV systems must develop an aggregation of
services available through a multipurpose terminal. Such a
terminal has yet to be designed. This abproach involves a
need for video and data interconnections of a variety
usually available only from a common carrier.

Direct satellite-to-the-home television broadcas

faces technical limitations, but most of the present

limitat ions are economic. Because of these limitations,



CATV systems become one of a number of reception centers for
satellite television distribution. One-way and two-way
services via satellite in the next five years will bé
influenced strongly by the domestic satellite systems
proposed and the ATS-F educational television experiment.
The Canadian Domestic Satellite ANIK I is operational, with
ANIK II to be launched in the spring of 1973. Up to twelve
television channels apparently will be leased to U.S.
companies for one to two years. These channels could have a
significant impact on CATV teievision distribution through
interconnection 5y providing long distance facilities during
1973 without large terrestrial microwave network
construction. The next planned NASA satellite launch
associated with CATV systems will be the ATS-F Educational
Television Broadcast one-year‘experiment in the Rocky
Mountain afea scheduled for the spring of 1974.

The Canadian Teéhnoloqy Satellite to be launched by NASA
in 1975 will investigate fhe feasibility of direct satellite
data, voice, and television broadcast to receive only
terminals in the 10 GHz band. The U.S. Domestic Satellite
systems have proposed a total of over 600 transponders in
synchronous orbit {one color television channel each),
although the number and dates of launch for zach system are

yet to be determined. Launches before late 1974 would



represent a rapid development program. The U. S. Domestic
Satellites will have an impact on CATV interconnection, but
it is difficult to estimate without further study.

For future development, it is recommended that a program
be develoged to investigate the feasibility of inexpensive
earth terminals <perating in frequency' bands above 10 GHz.
Operation at these frequencies is not faced with as many
international and national restrictions, particularly
relative to satellite radiated power flux density. It is
also recomﬁended that digital television techniques be given
serious consideration in such an investigation.

Terrestrial microwave systems of the FDM/FM common
carrier type have well known performance characteristics
(table 2). Three current EIA standards, RS-250-A, RS-252-A,
and RS-240, provide informatioﬂ on standards for television
relay and microwave transmission systems as well as the
standards for television broadcast transmitters. (FIA, 1961,
1967, and 1972). The relay standards RS-250-A includes many
parameters related to interface regquirements with microwave
equipment. Determiﬁation of any interface compatibility
problems between microwave relay and cable systems would require
further study. In addition, recent developments in linear

microwave power amplifier design should be exploited. This
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development could have an impact in replacing wide
bandwidth, high index, FDM-FM with narrow-bandwidth SSB-AM.

Current research in video picture coding of broadcast
quality signals has established the feasibility of a 4.1 x
106 bps data rate per channel when groups of 12 to 15 black
and white Picturephone* channels are multiplexed. With
about 19 to 20 dB signal-to-noise ratios, eijht level
coherent PSK modulation ideally could be used to transmit
this data rate in bandwidth of 1.4 MHz to 2.8 MHz at a bit
error rate of 1 x 10-6. This indicates the potential for
transmission of more than one digital television channel in
the present 6 MHz analog channel bandwidth. Further, a
single cable may be able to carry up to 80 digital tele-
vision channels. These rates, however, begin to approaéh_
practical coaxial cable limits as Pierce (1966) has shown.
The signal-to-noise ratios are over 20 dB below that
presently required in the CATV interconnection and trunk
circuits. A trade-off may exist in the required number of
amplifiers versus the required digital equipment. The
latter would be substantial, though, with present

technology.

*Registered A.T.&T. Trademark
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Investigation of digital picture coding and transmission
techniques would be recommended. Digital data networks may
provide a suitable short term interconnection network.
Operation with computér-communication networks may be
feasible for some applications. The present ARPA computer
nethork could be used for demonstration of feasibility and
potential. Interaction between CATV systems and computer-
communications networks could have the potential of creating
a new source of one-way animated graphics and two-way
inte;active programs for CATV system use,

In addition to the above, a primary problem will concern
the development of major services during the next few years.
A major development must occur in new forms of one-way

entertainment video materials and new scurces of supply.

Almost all two-way services projected will require extens;gg

software development, computer networks, major consumer

transmission experience. Even if low cost home terminals
and national netwofks are developed, these problems must be
resolved for profitable two-way services.

Finally, déta transmissions by institutions, companies,
and some homes may grow too fast for local telephone central
of fice growth. Most specialized common carriers plan to

rely on telephone common carriers for local connection for

12



their network service thereby creating additional loads on
telephone central offices. CATV opportunists may be able to
capitalize on this. The CATV operators would have to
provide a metropolitan data service with interconnection to

common carrier facilities (Milne, 1972).

3. THE CONCEPT OF INTERCONNECTION

3.1. Fruanchised CATV Systems

What is a CATV system? Historically, it originated as
the combination of a receiving antenna farm, head-end
terminal, and miles of coaxial cable. One-way audio/video
signals (television programs) were received, sometimes
translated in frequency, and distributed to subscribers.

The antennz farm was the point of connéction by direct line-
of-signt radiation to the television broadcast stations.
Some of these in turn were connected to the common carrier
national broadcast television networks.

As CATV systems develop, distinctions on technical or
economic grounds become confused. This is particularly true
for many aspects of the multipie service, broadband, two-way
networks proposed as future CATV syétems. In the current
regulatory climate, CATV systems exhibit a characteristic

not shared with the broadcast stations, common carriers, or

13




specialized common carriers. The CATV operator must obtain
a franchise from the respective municipal or county
government in order to install a system and provide
services.

Some exceptions concerning franchising do exist. Rhode
Island has a state franchise as opposed to county or
municipal. In 1971, telephone compaiies owned 5.1 percent
(132) of the existing CATV systems in the United States. It
is not known if all are franchised. Cable systems installed
completely on private property or municipally owned systems
may be exceptions. Generally speaking, though, local
franchises are required for CATV system installations.

The bandwidth available in a cable system has led to
considerable speculation concerning the potential services
which might be made available. These might be summarized as
the diStiibution, collection, interconnection, sensing, and
interactive functions including, but not limited to:

a) Distribution of multiple broadband channels from
central facilities to offiée, home, or institution,
possibly on regquest in both urban and rural areas;

b) Collection of muitiple broadband channels from
office, home, or inétitution and transmission to a
central facility, possibly on request in both urban

and rural areas;

14



c) Interconnection of public institutions and
commercial enterprises with two-way channels of
broadband capability carrying a multiplicity of
signals;

d) Provision of sensing networks to facilitate
management of urban activities;

e) Interconnection of broadband systems via long
distance broadband trunk lines or satellite links;
and

£) Provision of two-way interactive communications for
education, programing, polling, and similar
;ervices.

The gquestion of singular importance concerns the rate of
growth of locally franchised and interconnected CATV systems
towards such broadband telecommunication systems. The rate
of growth question is best examined in the context of
existing systems and interconnections. Descriptions-of
numerous systems appear in other reports in this series and
in the literature. Rogeness (1971) gives a simple diagram
of a CATV system which is used in an illustration of some
network aspects of interconnection, as shown in figure 1.
Regional groups oflCATV systems are indicated in figure 1a

without any interconnection shown. Some examples of

interconnection networks are given in figure 1c.
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In the star (two-way) configuration shown, "a" woﬁld
have to be a relay center to have full point-to-point
service. Other@ise lines from each station to all others
must be connect;d. CATV systems may be connected in 106p
configurations, and loops may be interconnected with star
hierarchies or loop hierarchies. Point-to-point
interconnection can be obtained through a central facility,
and central facilities can be interconnected in a hierarchy
{star, lobp, or a series of central layers). Numerous other
network interconnection combinations can be wvisualized by
the reader. In all the diagrams, each link could be
constructed of terrestrial circuits (cable, microwave, or
more advanced techniques) or satellite circuits. a good

.possibility for a satellite application might be as the
central facility. '

An important observation can be made about figure 1.
Most of the CATV systems which have been interconnected
operate with the networks described in section 3.2. No two-
way services currently are provided through interconnection.

System designs with related performance estimates and costs

do not appear in the literature.
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3.2. Common Carrier Services and Facilities

Several broadcast networks own small segments of
microwave networks. Commercial networks normally contract
on a monthly basis for a specified network routing. Special
event programs are distributed by hourly leases from the
common carrier occasional network. The commercial networks
annual cost for long line distribution is usually estimated
at $70 to $80 million.

For perspective, it is noted that the Bell System has a
network of about 1,180,000 channel miles of broadband
capability in the 2, 4, 6, and 11 GHz baﬁds. An additional
100,000 route miles of privately owned microwave radio are
installed in the United States. Figure 2 shows the common
carrier network in the United States for distribution of the
three major network television signals. Unless replaced by
satellite distribution, the network-will probably continue
to serve this purpose during the next few years.

The Public Broadcast Service (P.B.S.) interconnection
network network projected for 1975 is shown in figure 3.
The dedicated network has 110 stations and operates on a
"round robin" or loop basis in the Eastern and Central U.s.
.Any station on the loop necwork may receive or originate
programs for loop distributidn to the network. As noted in

figure 3, the entire network consists of the aforementioned

18
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loop with loop stations connected to other stations in
various star-tree network one-way combinations.

The primary network annual lease cost will be
approximately $5 million in 1975. Because of time zone
differences, the majority of the video distribution is done
in real time to regional centers and recorded for delayed
distribution in the regions. The P.B.S. administrative
operating budget for primary distribution vas $8 million in
1972. .No programing costs are included. Regional centers
in Denver and lLos Angeles operate at a total annual cost of
about $700, 000 per year for delayed distribution.

Western Telecommunications, Inc. (WICI) is a specialized
common carrier who owns and operates the network shown in
figure 4. Proposed network growth is shown in figure 5.

The five market areas of Los Angeles, San Frangisco,
Portland, Salt lLake City, and Denver can each originate
programs for network distribution. The system provides one-
way television signal distribution with plans for data and
voice service in the future. WTCI currently serves 160 CATV
systems, 21 unaffiliated television broadcast stations, as
well as all three television networks in certain areas.

WI'CI provides about 44,000 videc channel miles in the area

-shown in figure 4. The three large circles in figure 4 show

provisions for satellite earth terminals.
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TELE - COMUUNICATIONS, INC.
CATY R NETIUNX MCROWME IvaTEM R
.

Figure 4., Western Telecommunications Inc. CATV and
network microwave system (reprinted with
permission from Johnson, 1972, AIAA paper
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The main trunks use heterodyne to I.F¥. for amplification
and operate in the 4, 6, and 11 GHz bands. Spur connections
use baseband amplification with remodulation. Network feeds
use space diversity transmission with a hot standby
transmitter/receiver system.

WTCI uses route averaging instead of rate averaging
(Bell System) for tariffs. In route averaging, the costs
and profits associated with each point-to-point route are
distributed among the customers served by tha£ route, In
the Northwest sector, Bell System tariffs for a 24 hour a
day network television feed were $84 per mile per month,
with a new proposed rate of $55 per mile per monﬁh.< Johnson
(1972) notes that WTICI's tariff averages $45 per mile per
month. Average rates are listed in table 1. The total
average capital investment per channel per microwave link is
$20, 645.

Other specialized microwave ccmmon carrier or CATV owned
microwave networks in existence or development are exémpli-
fied by networks of A.T.C. Corporation of Denver (Minnesota,
wisconsin area); Cable Communications General of Denver;
Bill Daniels and Associates of Denver; C.P.I. Corporation 6f
_ Austin,‘Texas: N.C.C.C. of Lincoln, Nebraska; and United
video, Iﬁc.. of Tulsa, Oklahoma. Time did not permit

obtaining network diagrams for these or other networks.
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Table 1
WTCI Average Monthly Rate per Television Channelx

Mountain Microwave $396
American Television Relay $425
Sierra Microwave $209

Western Tele-communications  $365
Telecommunications of

Washington & Oregon - 8230

*Reprinted with permission from Johnson, 1972,
AIAA paper no. 72=557
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Network geographical diagrams 4o not illustrate the
types of transmission circuits involved or the system in
which t he particular network operates. TFor common carrier
services and facilities in the United States, these factors
are illustrated by considering the system hierarchies
involved and the mixture of digital and analog
transmissions. The digital versus analog question has
numerous parts. In section 5.3 the guestion of digital
television signals is considered. These digital signals may
be transmitted using FM‘analog modulation in an FM network
or may be transmitted using digital PSK modulation with
either FDM or TDM. Generally, but not always, analog
television using FDM-FM is called analog, digital television
with FDM-FM is called hybrid, and digital television with
TOM-PSK is called digital.

Figure 6 gives an example of the hierarchy of switching
centers and the transmission hierarchy. One notes a
transmission facility mixture of K carrier (twin paired
cables) , L coaxial cable, and microwave radio links as well
as other carrier types. Fiqgure 7 shows a scﬁematic of the
FDM hierarchy used by U.S. common carriers. The I-4 carrier
is a 17 MHz bandwidth svstem using two coaxial tubes and 2
mile repeater spacing. The L-5 carrier has a 57.5 MHz

bandwidth using two coaxial tubes and 1 mile repeater

26
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Table 2
Selected Features of Bell Laboratory Designed Radjo Systems

Full-duplex
radio channels

Band Message cir- in fully loaded

System occupied cuits per Repeater route
designation (GHz) radio channel. type Working Protection
TD~-2 600-1200 i-f 10 2
3.7-4.2

TD-3 1200 i-f 10 2
TH-1 1800 i~f 6 2
TH-3 5.925-6.425 1800 i-f 6 2
™-1 600-900 BSB 4+ 4*
TJ 600 BSB 3* 3*
TL-1 10.7-11.7 240 BSB 3 3
TL-2 600-900 BSB 3% 3*

29
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spacing. The microwave radio systems are outiined in table
2.

The digital TDM hierarchy is sketched in figqure 8. This
network is in early stages of development. Twin cable
pairs, coaxial tubes, and microwave radio links are key
elements. The T-5 564 MBps link is in the research and
development phase.

In the AT&T response to FCC Docket 19311 (11/12/71).
AT&T noted that its 1,180,000 channel miles of broad-

band microwave in the 2, 4, 6, and 11 GHz bands carry

over 60 percent of the interstate voice circuit mileage and
nearly all of the network television channel mileage. The
1970 to 1980 interstate telephone message volume excluding
WATS is expected to increase from 2.7 billion to 10 billion
messages per year. Private line circuits are expected to
double. Data transmission volume has grown 50 percent per
vear, including 35 percent per year during the recent
economic slcwdown. ATET estimates that over two-thirds of
be constructed. In short, over 3,000,000 channel miles must
be implemented by 1980. It is not known if CATV network

is included in these esti

Aen bea£ES
Ol caasaa

(¢}

The interexchange telephone plant is mostly 22 gauge

multipair cable. Digital service on these cables is
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provided with T1 voice channels. The medium haul (up to 250
miles) telephone plant uses FDM carrier of J, KX, O, N1, N2,
and N3 type with some L carrier on coaxial tubes. Bandwidth
of N2 carrier for example is 104 kHz. The long haul Bell
System plant is FDM-FM microwave radio (estimated as $15
billion investment) . The Western Union TH3 system, MCI
system, and DATRAN system are FDM-FM, as is the COMSAT
INTELSAT IV satellite system. This large FDM-FM plant will
strongly influence the CATV interconnection.

The Western Union network is shown in figqure 9. It is
almost entirely designed for data transmission at rates up
to 40 Mbps (20 Mbps initially) with TDM-PSK transmissions on
microwave radio. The TDM techniques are outlined in table 3
and the Western Union implementation plan is shown in table
4, The network is relatively new.

The specialized common carrier data networks proposed by
McI and DATRAN are described by Martin (1971) and Worley
(1972) . More recent information concerning DATRAN plans has
been given by Karp (1973).

A new common carrier service of importance to CATV
regional interconnection is the (MDS) Multipoint
Distribution Service. Operations are expected to begin in
1973 in at least seven cities. The system operates in the

2150-2162 MHz band with omnidirectional transmitter antennas
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Tahle 3
Comparison of TDM Techniques

Efficiency
Data Bits/ Cost/ Flexi- Primary
Line Bits/ Channel bility Uses
Sampling Low-1/40 Low Good Telegraph (0-150)
Channels, short
haul
Transition Medium-1/4 Medium Good Telegraph (0-150)
Encoding Channels long haul
0~1800 bps,
2400/4800 bps
Stuffing High Medium Good Tl to 6.3 Mbps
Almost 1/1 6.3 Mbps to 20 &
40 Mbps 56 kbps to
1.544 Mbps
Character High Medium Poor Char. Oriented
Oriented Almost 1/1 to high Telegraph Channels,
long haul
Synchronous High Medium Good 2400/4800/9600 bps
Network Almost 1/1 56 kbps
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Table 4
Chronology of Data Channel Field Trials
Local
Dist,
or No. of Chan.,
Type of Data Long in a 64-~kb Engineering
Channel Level Technique Haul Timeslot Field Trial
Teleprinter 1 Sampling Local 7 In Service
(0 to 150 baud) Dist,
2400/4800 bps 2 Transition Local 4 1971
; Encoding Dist.
0 to 1800 bps 2 Transition Local 7 1971
Encoding Dist,
Teleprinter 1 Transition Long 144 1972
{0 to 75 baud) Encoding Haul
2400 bps 2 Synchronous Long 24 1972
Network Haul
4800 bps 2 Synchronous Long 12 1972
Network Haul
9600 bps 2 Synchronous Long 6 1972
Network Haul
56 kbps _ 3 Synchrcnous Long 1 1972
Network Haul
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(170 watts ERP) and directional receiver antennas. A 25
mile range is projected. A down converter is required to
translate the VSB-AM picture and subcarrier FM audio signal
to a standard television channel. Only one television
channel is transmitted.

Auxiliary broadcast services use three frequency bands

for studio-to-transmitter, mobile stations, and intercity

relays:
Banpd Chanpels Frequency Range Bandwidth/Channel
A 7 1990 - 2110 MHz

a 3 2450 - 2500 MHz

B 10 6875 - 7125 MHz 25 MHz

D 22 12700 - 13250 MHz 25 MHz

Instructional Television Fixed Stations (ITFS) operate in
the 2500 MHz to 2680 MHz band. Point-to-point video
transmission on common carrier facilities use A2A cable for
local relay, L1 and L2 cable as well as TD-2 and TH
microwave radio for intercity video transmissions, and TJ

and TL microwave radio for short-haul connections:

Designation Freguency-Band 2-Way Video_Channels
TD-2 3700 - 4200 MHz 6
TH 5925 - 6425 MHz 8
™y, TL 10700 - 11700 MHz 6
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3.3. Comments on Services, Systems and Technology

Interconnection of CATV systems may be viewed as a

distribution problem in information exchange. 1It is
informative to consider one-way distribution of audio/video
television programs, Wells and Bruce (1972) reported a
four-way comparison for public broadcast network
distributior of educational television:

a) Shipping video tapes to each television station or
CATV system.

b) Terrestrial microwave interconnection with delay at
regional centers for time zone differences or
individual stations for local station scheduling.

C) Indirect satellite distribution to shared multi-
purpose earth stations with terrestrial
connections.

d) Direct satellite distribution to a television
station studio or a CATV head-end.

A summary is presented in table 5 fcr the 110 station

network. The only cost per station per program hour
estimate given by Wells and Bruce (1972) was for shipping

video tape. The other estimates were developed with the

A distinction is made in table 5 between national live

broadcast to all 110 stations which record for re-rbroadcast
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Table 5
Cost Estimates for National Public Television
One-Way Distribution

Average Added Fixed 110 Station
Cost per Investment Total Network
Distribution Station per Per Annual Costs
Method Program Hr Station {25 hour week)
Videotape
Shipping $43.00 -
$73.00 $20,000%* $6-S$11 million
Terrestrial
Microwave a)$ 86.00 $20,000* $12.2 million
PBS Tariffs b)$121.00 None $13.7 million
Terrestrial
Microwave
Commercial b')$190.00 None $23.7 million
Tariffs
Direct
3 Satellite
Broadcast
a)2.5 GHz $90.00 $100,000 $9.3 million
b) 7.4 GHZ $90.00 $100,000 $9.3 million
c)l2 GHz $108.00 $100,000 $10.6 million
Indirect
Satellite No estimates given by Wells and Bruce (1972)

*Cost for two video tape recorders (2 inch with expected 7 year
life) . Under heavy usage, the cassette type player is expected
to have only a 3 6 month operating life which diminishes

~ b
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(designated a) and national 1live broadcast to six regional
centers which record and re-broadcast to the stations
(designated b and c¢). Actual practice involwves a mixture of
both. Smaller Public Broadcast stations cannot afford the
added fixed cost for recording and thus broadcast without
delay.

The direct broadcast by three satellites is proposed for
the 2.5 GHz band which is available only to educational or
instructional services. Each satellite is postulated to
have 24 color television channels with only 6 used the 110
station network. The total system costs are based on the
assumpt ion that the satellite system operator would lease 6
channels to the network and lease the remaining channels to
other customers.

Further assumptions about the satellites are noteworthy.
The television signal received would be CCIR relay grade
signal of 56 dB signal-to-noise ratio. Fach satellite would
have two beams of 1.75 degree beamwidth. The same 12
downlink and 12 uplink carrier frequencies would be used by
each satellite. Interference would be avoided through orbit
separation and the narrow antenna beamwidths. The satellite
system cost estimates are the most speculative since they
are not based on any actual system experience. Program

origination by any staiton is excluded because the ground
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terminals are receive only. For transmission capability at
each station, the cost per station per hour would increase
about $20. Finally, a 25-hour week was assumed.

The comparison in table 5 is considered relevant to CATV
system interconnection because of the satellite terminal
high capital investment per station. This would tend to
limit the number of CATV systems which would initially
partigipate. The costs are sensitive to the numter of hours
per week and the number of stations in each region. The
important observation is that the costs per subscriber per
month for a 10,000 subscriber CATV system for the 25-hour
program week are estimated to be on the order of $0.40 to
$0.70 for videotape shipping, $1.90 for terrestrial
microwave networks, and $0.90 to $1.10 for direct satellite
distribution. These appear to be minimum estimates of
subscriber cost for only national distribution since no CATV
operator administrative or overhead costs are included. 1In
the case of terrestrial microwave and satellite
distribution, about $0.55 per month was included for network
administration, etc.

If the aforementioned direct satellite broadcast network
involved 1000 stations instead of 110, the Z5-hour program
week distribution cost per subscriber per month could

decrease to $0.30 per month, using the results from wells
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and Bruce (1972). Again network administration, scheduling,
etc., costs represent a large fraction of the $0.30. These
estimates are consistent with the Hughes Domestic Satellite
System proposal (Clark, 1972). Hughes has proposed a system
to generate programs and distribute them via satellite to
CATV operators. Quoted fees would be from $0.25 to $2.00
per month per subscriber. The receive-only earth stations
would have 35 foot diameter non-tracking antennas. Ground
station costs were estimated by Hughes at $100, 000.

Although a more complete study would be desirable, table
6 shows estimates for larger networks with an increased
number of program hours per year. The one-way video
distribution costs are based on 10,000 subscribers per CATV
system. Satellite operation in the 4 GHz and 6 GHz bands is
assumed. The question mark indicates unavailable
information for this report. The significant observation
concerns the relative ordering of the costs. Station costs
per subscriber can decrease with an increased number of
subscribers, bkut are strongly influenced by the station
antenna costs. Network administration cost projections for
increased number of stations would have to be developed for
the larger networks.

With some cost estimates established for one-way video

distribution, interactive two-way services and costs present
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Takble 6
National Distribution Cost Estimates for
One-way Video to CATV Head-ends

CATV Head-ends (first line) and
Yearly Programming Hours (second line)

110 220 330
13C0 2600 3900

Cost Estimates per Station per Hour

Space Segment $ 3.60 $ 1.80 $ 1.20
Station Antenna $15.30 $ 7.65 $ 5.10
Station Delay $29.50 $23,50? $20.007
Network

Administration $56.00 $40.00? ?

Cost Estimates per Subscriber per Month

Space Segment $ 0.04 $ 0.02 $ 0.01
Station Antenna $ 0.15 $ 0.08 $ 0.04
Station Delay $ 0.30 $ 0.24? $ 0.20?
Network

Administration $ 0.56 $ 0.40? ?
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a contrast. Interactive services require a terminal capable
of transmission. While subscriber terminal costs are not an
impoctant factor in CATV interconnection, they provide a
basis of comparison with the interconnection costs. The
subscriber must pay both.

Baer (1971) estimates the costs per subscriber terminal
for elementary two-way services between $150 to $340 above
about $125 per subscriber per conventional one-way service.
some perspective of these figures can be gained by noting
some costs of terminal components. Good quality numeric
keyboards (3 by 5 buttons) with encoding logic supplied as
OEM equipment cost on the order of $16 in quantities greater
than 10. This would appear to be the simplest response
terminal.

Alphanumeric terminals with ASCIY coding supplied as OEM
equipment in quantities greater than 5000 cost about $49
each. Again, reasonably good components are involved.
Encoded typewriter terminals with modems are available on
rental plans in the range of $100 to over $300 per month.
Oone device currently available consists of an alphanumeric
keyboard, television set attachment, acoustic couvler, and

b
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network with time shared computer terminals. It will

display 8 lines of 32 characters each on a conventional
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television set. Cost of complete units in quantities
greater than 100 is on the order of $1400, with lower prices
available in greater quantities.

These figures suggest that Baer's (1971) estimates of
$150 to $340 per subscriber would involve only an
alphanumeric keyboard type terminal plus related electronics
for transmission. Further, the television display signals
would have to be generated at the head-end and transmitted
at 30 frames/second to the terminal for the duration of the
display.

Digressing for the moment from the discussion, a review
of these costs and experience with computer time-share
terminals suggest that an aggregation of two-way services
may probably have to be offered by the CATV operator. These
services would have to include mucn more complex services
than vhose usually included in elementary service lists and
most likely will involve interconnection. The reason is
that even in mass quantities of production, certain basic
costs will not be avoided. Extensive research and
development efforst can usually minimize these basic ~osts
but then the unit cost must allow for research and
development investment recovery. Hence, the unit cost
usually has a minimum. The difficulty with two-way service

aggreqgation is that a multipurpose terminal will probably
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have to be designed for the same cost range mentioned by
Baer (1971) ; i.e., $150 to $340 per subscriber.

A second digression concerns a factor usually overlooked
in discussions of two-way interactive services involves a
learning phase on the part of the individual user. Computer
time-share terminal experience in an office environment
suggests that the terminals must be simple to operate and
simple to learn to operate. These characteristics are often
not obtained until the third generation of designs.

Further, the cost of general sales and training efforts
in each community must be included. Without pilot programs,
these are difficult to estimate. Finally, the service
offered via cable must be faster, more convenient, and
probably more reliable than the existing methods of
obtaining and providing the service. These two diqressioné
suggest that cost estimates for CATV two-way services and
particularly interactive two-way services may be under-
estimated in the literature.

Baer (1971) presented a list of many of the services
which are proposed for cable television with two-way
capability. These are repeated as tables 7 and 8. Table 7
organizes many of the services intc six major categories.
All the lists of one-way ard two-way services proposed for

cable television systems which have been reviewed avoid the

45



¢saanydoxq 23v10d10d ‘sJUTTIF J0d ‘s3azodax snojaeA woaj payidwod uaaq aaey Pyl

jou Aeu awog

'steraajew uysilaaape pue
'37qe1Isap ATTEIJ0S 3g UIAD

*$%10A32U UOTSFARTAI 3TqED Uo 3TqFseaj ATTEITWOU0Dd aq 01 ATMIT [[B IVU 31® S3IDFAILS 3s3YL,

sueidoid osnqe [oyod[e pue 8nig

peoddedypuey ayl 10j uolieoanpyj

§3DFA19S [EA3[1331 UO[IBWIOJUT SNOFIBA

sweadoad L3ajeg

dujuwweadoard suorielax K3 junuwo)

UOTIBDTJFIUBPT ITITYA 2Fjewelny

sanss] [ed0] uo asuodsaa 3I231d
sduiieay

pue sBujjadw Tedyd>junit JUFSTAI[I]L

S3SSETD UOYSUBIXI UOTILINPY

UOFSFA[31 [BUOFIONIISUT woO1SSE]D
olpexl ajrqou

10J SI3ATIVA1/S1333Jusuel] eaay

SUOTIBI TUNLWED 3SU3I3P [IATD
UOT3IeIT3TIUAPT

ydea¥njoyd pue Jutadiaduyyg

1013uU0d Ddjjjea]

Fujioljuow uolInyloy

UO0J3I0939p 3114

sed1® 2114qnd jo 3duel[jaAing

IS &RES ERQIRED XA

28ueyoxa eiep 133ndwo)

134273 sm3u 3leaodio)
duydouaiajuolaial
duture1l teraisnpug
8uri0ljuow uof3onpoxg
K17andas (etaisnpul
uoyIngii1isip 3ioday
SIITAIIS J[juysoeq
Uoyledfyliuapry
ojoyd pue 2anjeudig
SY23YD 3IIpa1d
suofloesueay ssaujsng
93ueydxa elep 1aindwo)
sA3AINS Yd31e3S31 IIIY{IEBWR
dugtrod uojputdy
§307A193s AITTFIN JO [0a3UO)H
g3ugpeax 1331w AIIT7IN
s3ujiel UOISTAITRL

S371e131] Oofpne pue oapia dn-Telq
S3DJA1I3S [eA2T1121 uoll
~BWIOJUT 13410 pue aduaiajaa Kieiqyl

UOTJ3IBWIOJUT IDFAIIS JBIJ0S 13ylo pue
¢3av3Tam ‘Bujysnoy ‘aied yijleay ‘Juswlordaz

UBWSPNGUO TEI0"
BuTTasunod TBUOTIEO0A IATIVRIIIU]
Sujwwe18oaxd palsuldjio 13qTadsqng

8uyjoa doju013IdaTy

sanss} [edo[ uo asuodsai uojuydo 3I2311Q

sdoys dems pue safes uojlone [edoq
§3]103091]p SNOTIBA wolj satainbug
saa37al13s Juljueg
SaTes 3I9aWOTL
§377A13S UOTIPA13S3Y
sa[npayds uoyielaodsuea]
suojieionb 33jaew 003§
shefdsip 3oieie)d
auoydoapria
gutieys 2wyl 13indwo)

steojpoyaad pue
si1adedsmau jo L13Ay[ap d2Juciidall
AX3ATT3P [7BW 3TU011D3(3
suoOJIvsl13AuU0D dnoid 3Isaid3juyl [eloadg
Suyddoys aijouay
UOISTA3T3) uctidiaosqng
smoys znY
sawed ALl aajidexajul
3ujio3ljuow wiwTe iejdinqg pue aiyg
suridosd TeRUOTIONIISUF 3ATIderajul

JUSWUIBA0D) 10J SadFAl1ag

S82UTSNY 10J S9ITA19G

€1eNPJAJPU] 10] SODJAIS

AN-888-4 3I0doy ONWY WOIJ UOTSSTWISd YITM pajuraday ‘ ([L6T) Ised woad
‘ UOTSTAS[SL °9IqeD I0J SaOTAIaS aaT3zoeaa3jul pasodoag swos

>4

L @T1qey

O

Aruitoxt provided by Eic:

[E

46



$108UIE JUIUOCEOD

A0y30o pue 12})1dww

212p0dUd 10 13m
6108VaS

WOESNIILE pUS B3Y)

Josuae [avueyo

A9y voglwziioyany
30 uOTI®I(]iuapY ¥

103 juoca
Tavuryd ‘piruqAdy

20 su013INgG : (1231jusuvi]
PU® 33p0dUd (eIFYIP
*21¥01 (oi13u0d ‘iapod
-ap (#1jd1p ‘23apada1)
Ijun [02Juod Jjseg

1pun Bulpiodax s1aylo
10 J[Iuisde) ‘33pi0d31
ade1 0dp1a lIyUn Jjdo]
PUS 23p0I3IP SEIIPPY

18328AU02 [EIIIdS
10 12p0Jap ‘1ITQuV.I sy

ejeiaydyzad

1ayio puw sie[dsip

‘S3[§) (49INAWOI-JUTW)
1I[[0I1UOD FUO;ID JUNWNOD
puR ‘aauueds Jujliod [RI1ju)

137[013U03 SUOYIEIJuna
-®0> ‘101¥1JUdF SEAIppV
f13uuEds JUNJ0P '631IT
-135%3 a¥mio~e uojIswaojul

23podud
30 213(qweade [euljg

uandgnbe

UOTITUIFII0 :ludwatnbe
Suixaldiares puw ¥ jese>
-01d [sudls [wuO32}ppY

WIAUURYD 2T < BAFIII3
T Y3jAs G APadAU)

puspeay

01 SIURPIATPUT w01} 8IQ
asa2} 30 Q1 J° WAl) ®awp
I®1531p IPUOdsaz PUFQAOIZEY

puapsay o3 fujod
uojIeNiN; 1o mol} STIDURP
OspIA 210m 10 BUC saynd
~33 Ave §3;,4ym uojIwuilraio
1830, -3 3dadza ‘auon

#3119 1sas} 10 00T jOo (WaL)
srrulys Sujiiod pusqaoiieu
Po8Ippe AT{UnpIATPUF

Dusuja adIske S qed>
Sugpess 1v1am
Suj203j008 mie]e
Suji1unod adudypne
Yijioijuom Jjosuag °g

UOJIPMIOJUT 83OTA1V8 [edidjurm

Sujddoye elcaes
Suiited uoyuyde
swwi%o1d jPuoyIdnijevy
swea801d jJudwuieiIzdIud
UOI8)A9 (23 FAjiIofIatu] ‘¥

ToTAIee

nd ' (4Qd) Odp1a IEOpEOlg FeU0deas 13 17108qns P Qmo-IeN  ‘[11
OBPTA BATIIE[IS
LSETS3C
(el 1e25potaad pur 1adedsasu
20 wad) struips pumqapim Axaagtap (= dYu013321d
passaippe Ljrenpiajpul WIS A1 pasedippe Kea-900 11

(wad)
S1UURYS OIPel 3HY DOT

2IuAd TPIIais pue elacde

suwiB02d [FUOJIDNIISUY

suri8o1d juawuTeILIILD ~
sayaom <
sToulw O UOjIdIIdsqUg g

3168 papI0d3a3
ajpea uijaiog
ayper a3
uPLIPNQWO [®I0]

(*918 ‘s1ejpaa ‘Jugsnoy ‘yajeay)
GOFIPMIO Juy $2: [, .39 (wdiIjunm
pawoq G1I3[ NG AIjunamoy
wotieui¥ss n:d1301d tedoy
$1UIAI [wd0]| Ju 2TcidAc)
sww1%01d 1RUCTIICLssUg
PWEINONE JUNIL[RIZIIIUI AL

STAULEQS PUOTITPPY ¥

(Had) eTsuTe
SIFFA Ieisw0aq R 9

$357A131 1SWOpROIQq Aem-8GQ I

Juaadinby 13qjidegng Addudynd] puaprag
cJuda>ijnbay Juswljnby

sjeudls ewasasdy

sieulis mwarisumog K1a8a1w] 333A20G

IW-888-d4 310dod (ONVY WOXJ uOoTssTuIad U3zTm pajutaday ’ (TLe6T) I9ed woad
fS3OTAIDS SUOTILDOTUNUMOD BTqed MmN JO satiobajzed

8 °1qelL

Aruitoxt provided by Eic:

E\.



uojIdaTIe

Tauuryd 105 d>3d07

PRITII0ESE puv 131

—13AaU03 Kduanbaiy

{rydads !paajnbaa

6% S[EUINIIY OIPTA
puw '3dj0a ‘mimy g

123u31d pivoq
~&an pue ateso3s
aa4)nq end ‘111 v

(?1jaysoe}

10 12p10d31 3de)

0IpIA ‘¥3yaap Bujzal,
>w#3} “‘i2ajujad djaas
‘103923uad 123dw1ryd)
31439 Awidsyp ind;ino
PuUvY (y$21ja1 10 13jjng)
301038 (wdo] ‘pawoq
-Aay papudixa snid ‘11

udednby pare
~}3008% ur e1sew)

ududnda
pe1®]056w puw
2axwads ‘auoqdordfN vy

snid ‘151

L3y vojawzyioyIne
1331134003
1912348 10 13podag 'y

sa3jaap
pa{1013u02 03
SWTT PUT SIYITAS  *D

s[Iuvey> Liiea
~}3]ns 10 »3wajad
dn 398 03 Judwdinby g

108827014
PIPAlO)-puUE-8101§ ‘¥

wsjuryO e IUITITq
t19[1023U00 [EIIUID O3
PPI23UN0Y (D39 ‘832n3d1d
‘winy [wajiip) sIswq
w3ivp acnoe snid ‘111

uawdynbda 2%qradeqns

o[qrelp pur IrqEud ‘sisand

-84 3naNb pue IZJVIOIML
03 jJusaedinba enyd ‘111

agjusydIe

BURTTIQ ‘32podua [su¥ls ‘g

038P 10} WAL YITA Wad
Aljaesatad luojesymsusi)
O3PIA pum edj0a 'elwp
30) eYIpyApuUeq e[qFiavA
‘passaippe Ayenpiarpul

d

0Iep 30 NAL YItA N
A1yaewiad ‘vojeviwsuexl
OBpIA pus 8dj0a ‘wIFp
30} SYIPTAPUNQ OTQRTIGA
‘pasedippe AT1UnpIApU]

1310218 10 pumq

-23j0a L[[Enen 3nq ‘uvojiwm

~30jJu} jo 2dL3 uo auapuad
-3p YIpIapueq ¢ (sin3d3d

{319 00T < ssw}i1dmOs Ing)
PUSQA01IY YIJA ‘I]I

(nad)

(0)Touomy> owpya MM 9-y ‘4

(Had) (o) 1suumyp
pusqeafor 2Hx - ‘v

enyd ‘111

Juadinby Jaq1idsyns

Jusndinby puapsan

siusmaijnbay Jusedinby

10 djasmnveyd(e)
uoTIsMIoJuUs P appe
ATtsmpiatpuy entd ‘111

‘111 " seg

suoydoapia

AL 1In2272 pasor?

Sujouaidjuolrs(el
UoTIIT 1IUAPT

%o304yd 10 jJut2dialuyl]

a[fuysIw]

aSusydxa eaiep paads yIpy

#1{n5415 Jujod-oi-3ui0d

Indino/anduy 13indwod

SUOJIOLSULII SSAUTSNQ

uoyssjmsuell IFessim
9O1A198 PIYPATAS-ITROSH

SY29Y> 1Jpw1d ssaugsnq
A1e1qi[ 0pIA dn-yeip
8a31a138 Juyyueq

10430 pus Jugdue(eq oOgqRIIYI
wo3IONIISU] P2ISjsse i1ajynduod

Sujieys awil 131ndwod

$#3UI2J31 pUs SITI0IIIITP
SNOJAPA WO1) UOJILBIOJUY

sad7A3aS
UOTIBALISII Pus IINITI
sucjielonb w2030
Suyddoys Bofeied

832]A138 1U103-03-3UJ04

‘e

‘v

SIDTAIIT paIefiIus 39qQ1108QN§

uoyirujdtio
avi8oad pooysoqydtau

eysoudejp [EdIPIu 230032

oupiBoid [PUOTIINIISUY
Fsuodsaz OIPTA

phquo [ed0]
sucjaivs

-334U03 dnoa$ 3Isa32juy [eyoade
acjIMMIojuY 32]A130 L] junemod
sur1901d jJudsujeiidiue
swwafoid [wuoyIdna3suy
Jsuodsal 99304

UoteTAS[#7 UoTIdFideqng

{oajucd pwoy K3yfyIn
FuIpunos wmieie

PUSNE i At T

#337a9p 910Wd1 JO [023U0D

‘v

°o

‘1A

‘A

‘Al

KioVaiey 331A335

(penut3ucd) g

O

@
-

Aruitoxt provided by Eic:

IE



Table 9
Major Uses for Telecommunications Links (Martin, 1971)
(Reprinted with permission of Prentice-Hall, Inc,)

One Way or Bandwidth
Service Switched? Two Way (kilohertz)
Telephone Yes 2 4
Sound broadcasting

(low fidelity) No 1l 5
Sound broadcasting

(high fidelity,

stereophonic No 1 40
Music library Possibly 1 40
Television broadcasting

(color) No 1 4600
Large wall screen tele-

vision No 1l 20,000 to

50,000
Closed circuit

television inter-

communications Possibly lor 2 4600
Movie selection in

the home Possibly 1 4 to 100
Stored television Possibly 1 4 to 1000
Still pictures on

television screen Possibly lor 2 4 to 100
Facsimile Possibly l or 2 4 to 1000
Teaching devices Yes or No 2 Any,

commonly 4
Advertising Yes or No 1 Any,
Shopping Yes lor 2 4 to 4600
Mobile communications Yes or No 2 25
Voting by the public Yes or No 2 <1
Alarms (fire, burglar,

System Failure, etc.) Yes or No 1l <1
Emergency communications Yes lor 2 4
Telegraphy Yes or No 2 <1
Batch data

transmission Yes or No 2 <1l to 1000
Acess to time-shared
computers , Yes or No 2 <1l to 4

Real~time systems,

such as airlines

reservations Yes or No 2 Commonly 4
Fast alphanumeric

man-computer “con-

versation” Yes or No 2 4
Man-computer conver-
gaticon with graghics Yes or Wo 2 4 to 1000

Man-computer conversa-
tion with voire

answerback Yes or No 2 4
Banking and credit systems Yes or tlo 2 <1
Data collection systems Yes or No 1l or 2 <1
Intercommunication

between compuiers Yes or No 2 Any
Automatic mecter

reading (utilities) Yes 1l <1
Vehicle traffic control No 2 <1

(or perhaps alterna-

tively:) No 1 1000 to 5000

O
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question of why a cable system must be constructed to
provide such services. An exception is given in table 9
which was abstracted from Martin (1971).

A second question of importance concerns whether the
CATV operator would require any regional or national
interconnection to provide the service. Any comprehensive
evaluation of even a single service would require an
extensive system design and analysis. This was not done as
part of the preparation of this report. Hence, table 10
represents another speculative list in this sense.

Through eliminating duplications table 7 was reduced to
the 55 entries in table 10. bf these, only 14 definitely
would need a CATV system with five additional services in
question. The other services could potentially be provided
by other existing systems. One could argue that a rational
trade-off analysis between CATV systems and an alternate
system implementation be explored independent of current
requlatory policy. On the other hand, the provision of many
services on a CATV system with a single terminal
appropriately designed could te explored. Finally, it is
important to note that CATV may be necessary with no

- P P e - Ry 2 o~ naat 2 - — vred w3
alternatives when an aggregationm of multiple seivices is

M

considered. This seems to be an important analysis which

has not been published in the literature.

50
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Table 10 resulted in a need for or benefit from
interconnection for 33 services, with 11 additional services
questionable. This is independent of the type of system
used for interaction and/or distrirution of the service.
Since some of these services are already being implemented
in the business and government sectors, the impetus for
interconnection capacity seems to exist.

For comparison, Callais and Durfee (1971) list the
following services initially implemented for the Hughes
Aircraft Company (and Theta-Com) Subscriber Response System
(SRS) two-way system:

Remote Channel Selection Opinion Polling
Premium TV (6 channels) *Emergency Alarm
Resgtricted TV (2 channels) *Meter Reading
Channel Polling *Accessory Power Control
The three services marked by an asterisk were interface
connec tions for auxiliary devices which were not part of the
subscriber response cousole unit. In addition, a two-way
message capability service is possible which suggested
reservation services, some home shopping services, etc. The
SRS console consisted of a voltage-controlled varactor
tuner, strip paper printer, four function keys, and a 3 by 4

numeric keyboard with associated electronics.
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As a final comment, it must be remarked that the ongoing
and planned experimental systems could change specific
results in table 10. However, the number of experiments is
not large enough to have an immediate impact.

Numerous authors introduce a hard copy terminal as an
element of a business or home terminal served by a CATV
system. Systems and equipment for transmissior of graphic
and textual printed maierial by telephone and radio have
been in operation in numerous applications for some time,
Facsimile involves conversion of the printed material into
electrical signals (scanner), modulation (if analog), or
analog to digital conversion, possible encoding and then
modulation (if digital) , transmission, demodulation, and,
finally, conversion to printed material (recorder) by some
printing or photographic process.

Manufac turers are numerous as witnessed by the list of
68 different models offered by 15 companies, Auerbach
(1971), with two additional companies listed in a recent
survey by Stafford (1971). With vertical resolutions
between 83 and 190 lines per inch, the monthly lease costs
of 25 different facsimile cerminal units are shown in figure
10 as a function of transmission time per page. These costs

are based upon a single terminal which has both a scanner

and recorder. The costs and times are approximate
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(stafford, 1971). The transmission time, based on averages
for nominal 8 1/2 x 11 inch pages, is that provided by the
manufacturer for the corresponding resolution.

Although a number nf other available flatbed facsimile
equipments as well as drum scanning equipments may be added
to fiqure 10, the overall trends would not change
appreciably. The lease expensive equipment to lease has
average transmission times per page of 6 minutes,

A cluster of models in figqure 10 is available in the $75
to $140 per month range with transmission times from 1.1 to
6 minutes per page. Another cluster appears between $200
and $600 per month with transmission times in the 1 to 5
minutes range., The fastest transmission speed models
operate as low as seven seconds per page at a lease cost of
$1200 per month. Faster models are available, but not on a
lease basis.

Another aspect of facsimile service is shown in figure
11. 2An example was prepared for six models for a
transmission distance of 1500 miles. The cost in dollars
per month is shown versus the monthly utilization in pages
transmitted per month. Operator labor costs are based on
$7,000 per year salary with a 2.3 overhead factor and

unattended re eption so that only one operation is needed.
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Figure 1l1. Facsimile operating costs with commercial
day telephone rates and operator labor.
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Facsimile development as a means of distributing
documents has been inhibited by the cost of the terminals
for high speed units and the leased or dial transmission
line costs of the common carriers. It would appear that a
CATV system can overcome the bandwidth limitation in a local
area although point-to-point service will .ncrease the cost.
The terminal costs will be the same, though, until the
market develops to lower costs through sales volume. It
remains to be seen how interstate transmission through CATV
system interconnection can be provided at rates .

substantially below present common carrier tariffs.

4. THE NEED FOR INTERCONNECT ION

Does a need for . "V interconnection exist? This
question is examined in this section. A number of examples
are cited to show the relationship between a particular
service and the extent of interconnection needed. Two
primary observations are made. They suggest that a need for
interconnection exists if the projected services for CATV
implementation are to be developed.

First, some services may need very little
interconnection when fully implemented on a large scale

basis in the future. However, substantial interconnection
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may be required during the growth transition from the
present to future condition of full implementation because
initial markets may not be large enough in any one area to
justify the initial capital investment. Remote shopping is
cited as an example.

Second, a number of proposed services require computer
software development or video prddraming. The costs
involved sugqgest the need for interconnection in order to
reduce the cost per subscriber.

Finally a potential method of experimenting with
proposed services is suggested. Existing computer-
communication networks are suggested for pilot programs to
define services and outline the development efforts
necessary to implement these services in CATV systems.

In previous discussions it was estimated that 33
propcsed services might have a potential need for CATV
system interconnection or might benefit from interconnection
on a regional or national basis. These needs or benefits
are sensitive to the particular services considered and the
system implementations as well as the numb2r of subscribers
requesting a §ervice at any one time. The potential exists
for some serviceg to need oxtensive computer facilities and
cable television channels within a local area possibly as

small as 5000 subscribers. The need for interconnection for
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these services may be small. CATV systems could grow in
local areas with 2 large percentage of the signals
originated and received completely in the local area.

This might resuit, for example, if local transportation
by automobile were to be partially replaced by the
television shopping and work-at-home television services.
If shopping were to be performed on an interactive basis,
medium to large computers would be needed in each local
area. While technically feasible in a superficial sensex,
such services require a change in our shopping habits as
well as substantial system design effort to avoid potential
gueueinc problems (section 5.4). The number of cable
television channels needed may be large.

If remote shopping from the home is to be developed with
CATV systems, the possibility exists that pilot systems may
be implemented using regional networks to interconnect a
number of existiné CATV systems. The retail me rchandi se
organizations would then be able to obtain a large
subscriber base to investigate market feasibility. Further
investment in requir2d central facilities could be made as

demand grows by sub-dividing the networks. Finally,

——— T - o o . S e S o T > Y o

*Until a prototype system is constructed and operated, a
statement of technical feasibility must be regarded as

suspect.
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existing common carrier network facilities could be leased
initially to minimize capital investment.

On the other hand, the interactive educational services
proposed give examples of services which require program
development and more immediate interconnection. They can be
used as a basis for cost estimation. FEstimates range
between $3,000 to $10,000 ver hour or more for two~way
learning programs. Video training tapecs for corpo.ation
training are usually estimated at $15,000 for 30 minutes
color with graphics and voiceover. Production costs
generally run between $600 to $1,000 per minute. At
standard commexcial television rates, a one-half hour
program development usually costs $90,000. The cost of
feature films for CATV have been estimated to range from
$200,000 per hour to total costs of $800,000 each.

These estimates exclude all administrative distribution
and CATV owner charges. They vary on a subscriber basis as
basic costs shown in table 11. The lowes* cost is the
$3,000 per hour t{wo-way instructional program, and the
higher cost is the $800,000 feature film. With some
exceptions the program materials would be usea by a
subscriber only once. Exceptions would include activities
such as TV games and instructionai refresher material.

Feature films can be rerun at later dates.
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Table 11
Cost of Program Development

Number of Subscribers

2000 10,000 8,000,000
Cust per $1.50 to $0.30 to $0.0004 to

Subscriber $400.00 $80.00 $0.10

Subscriber cost estimates which have been market tested
and found acceptable are not available with the possible
exception »f feature films. CATV offered feature films will
probably be priced competitively with local theaters {$2.00-
3.00 per subscriber). The previously discussed distribution
costs, administrative costs, and profits must be added to
table 11. The number of subscribers ne.ded to bring
subscriber fees into a reasonable range appears to be too
large for most CATV systems to originate a significant
amount of this type of programing. MSO companies may
approach the necessary cost-effective scale of number of
subscribers. More likely, national or regional suppliers
will develop to 3erve numerous CATV systems, Hence.this
type of programing may need regional and national
interconnection to achieve reasonable subscriber fees.

Another need for interconnection is related to computer

time-share capacity and computer-communications networks for

the time-share., interactive services (IEEE Proceedings, 1972).
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Interactive services in computer time-share systems tend to be
burst events in time. The events are generally characterized
with a long delay between request events, slow data rates during
transmission, and very short expected delays for the computer

to respond. With the video display, the expected data rates

may have to increase substantially. While this is feasible with
the wide bandwidth cable on a local basis, the impact on the
computer requirements is not minor. Computer time-share
Input/Output is currently not available on a widespread

basis even at 1200 baud. Further, systems have not been
operated with as many as 10,000 time-share terminals.

In order to obtain larger computer capacity, a computer
communications network can be used. Although this field is
relatively new, a number of such networks are currently
operating in the United States. Interconnection raises a
number of questions to be resolved concerning software
development costs and the number of terminals which can be
served simultaneously.

Software development costs must be distributed among a

number of CATV systems to minimize the cost per subscriber.

One means of developing interactive time-share computer

services without a substantial investment in computer

hardware would involve the use of an existing computer-
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communications network. Since a question of feasibility is
involved, a 3ilemounstration program could be developed using
the ARPA computer-communications network described by
Roberts and Wessler (1970) and Ornstein et al. (1972). The
network is outlined in figure 12.

One of the anticipated problems in CATV system growth is
the potential absence of a variety of two-way, interactive
programs to offer customers with two-way capability. Aside
from convent.onal uses of computers for storage and access
to motion pi:ture and video frames, use of the digital
computer has a potential for generating original video
programs through computer animated graphics. No studios are
needed. Almost all universities have digital computer
facilit ies available which could be used in this way.
Further, many government labs and corporations have similar
digital computer facilities as do time-sharing computer
companies.

This is an existing resource which could be used for
original program generation by people throughout the
country. Access to and distribution of these programs (both
one-way and two-way types) would require a computer-
communicatione network similar L0 thée ARPA net. 1In tact, a

hierarchy of nets may be needed eventually.
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A second anticipated problem concerns the development of
interactive lanquages which are in the vernacular rather
than languages such as FORTRAN, BASIC, etc. If two-way
interactive services are to be successful in CATV or
Broadband Communications services, it would be beneficial if
the languages and protocol used are simplified relative to
those available today. Again, feasibility could be
demonstrated by use of the ARPA network or similar
commercial computer time-share networks. The impact of
these techniques on network protocol, computer software, and
terminal design may be significant.

The top 100 television markets may eventually each need
a major computer system in the local CATV network in
addition to interconnection in a computer communications
network. Park (1972) estimated that one-way entertainment
television distribution inciuding distant signals would
achieve 20 to 35 percent penetration near the center aand 30
to 60 percent penetration near the edge of the 35 mile zone
in the top 100 markets. If these estimates are reasonably
good, one-way television distribution provides a base for

the introduction of two-way services.
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5. SYSTEMS

Consideration of systems for CATV interconnection
involves a substantial number of topics. This section
addresses three of the more important of these topics.
First, the major transmission systems which might be used
are considered. These involve communication satellites and
line-of-sight terrestrial microwave circuits. Second, the
modulat ion is considered in terms of analog modulation
versus digital encoding and modulation. Finally, the
queueing aspects of services, number of subscribers, and
waiting times for service are discussed.

Satellite links and terrestrial microwave circuits
actually form the basis for a system but do not raise the
subst antial questions concerning the system configuration,
protocol timing, and performance requirements. As an
example, interconnection networks in star, loop, Or tree
confiqurations could be considered. The survey has not
uncovered any major efforts involving system designs
configqured other than common carrier systems reported in
section 2. Design efforts needed to make comparisons were

beyond the scope of this survey.
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5.1. Satellite Transmission

Interconnection of CATV systems on a regional and/or
national basis with communication satellites cannot be
discussed in terms of any existing satellite systems. All
the proposed systems which would interact with most CATV
systems have yet to be launched. Although the INTELSAT
series and the ANIK I (Canadian Domestic Satellite) are
operational, they do not provide primary coverage of the
United States. The INTELSAT IV and ANIK technical
characteristics are important, thrugh, because the same
technology will be used in the U.S. Domestic Satellites.

Within the next five years the NASA ATS-F satellite and
the U.S. Domestic Satellites will be launched. These
satellites will provide as yet undefined service to the CATV
industry. On an experimental basis the Canadian Technology
Satellite to be launched by NASA is of interest. Finally
the technology under study for INTELSAT V will have
implications relevant to the next generation of
communication satellites because of the probable use of
digital transmission techniques and modulation.

Power, antenna gain, and frequency bandwidth influence
the satellite transmission of television signals. Narrow
bandwidths (around 5 MHz) require use of SSB-AM or digital

modulation (with e:xtensive data compression) and the
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communication range is largely controlled by the power and
antenna gain. The synchronous satellite ranges are on the
order of 22,000 miles one-way. Free-space propagation
losses increase from 177 dB at 470 MHz to 200 4B at 6 GHz
and 204 4B at 10 GHz. If high index FM is used, a lower
carrier~to-noise ratio is possible because of the FM
demodulator processing gain in the receiver. This permits
use of less power or antenna gain. The wide bandwidth (25~
30 MHz for a 5 MHz television signal) is traded for smaller
power or antenna gainst.

Direct satellite to home broadcast is always of
interest. With current satellite power capabilities at 800
MHz, a seven foot parabolic antenna would be needed to
oktain a 32 4B signal-to-noise ratio at the input to a
standard home television receiver. The picture quality
associated with this signal-to-noise ratio was considered
only passable by 90 percent of viewers in the TASO study.
Basically about 6,000 watts satellite power per channel
would bhe needed for SSB-AM direct reception with a simple

antenna.

*Smaller antennas usually result in larger sidelobes and may
contribute to an increase in interference from other
synchronous orbit satellites.
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The ATS-F satellite to be launched in 1974 will have an
860 MHz direct broadcast experiment using 40 MHz FM
bandwidth, 80 watts transmitter power, and a 30 foot
parabolic antenna on the satellite. The receive only ground
station will use a 10 foot parabolic antenna and a low noise
FM to AM converter television set front-end (Rao et al.,
1972) to provide a CCIR-B grade signal. This signal quality
is not sufficiently high to permit CATV head-end reception
and system cable distribution. This type of system design
has been studied extensively by C.C.I.R. (1972).

For the immediate future the conclusion is suggested
that direct satellite bfoadcast of television signals to
homes does not appear economically feasible with present
technology. The costs would be on the order of $1000 per
home at the present time. To change this situation, higher
power communication satellites are needed for those
frequency allocations which don't have power flux density
limitations because of potential interference to terrestrial
microwave systems. The 11.7-12.2 GHz band does not have a
power flux density limitation. Newman, et al. (1971) and
Andrus (1971 have studied the broadcast requirements in
this band and have shown that no problems of technical

feasibility exist.
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Information on the frequency bands that are allocated in
Region 2 (including U,S.A.) for FIXED SATELLITE (Earth-to-
space), FIXED SATELLITE (Space-to-eartn), and BROADCASTING-
SATELLITE services is summarized in tables 12, 13, and 14,
respectively (ITU, 1968, 1971). The number of earth and
satellite services sharing each band are provided along with
the number of allocation notes included in ITU (1968).

These numbers provide an indication of possible frequency
sharing problems. Only two FIXED SATELLITE allocation bands
provide for within-the-band, earth-to-space, and space-to-
earth transmissions, i.e., 220-230 GHz and 265-275 GHz.

With the frequency sharing requirements in the common
carrier terrestrial microwave bands, the satellite radiated
power flux density is limited. No sharing with earth
services is presently allocated in bands above 19 GHz.

Marsten (1972) describes the NASA ATS-F satellite
Educational Television Broadcast one year experiment to be
conducted by the Rocky Mountain Federation of States
{Denver, Colo.) under HEW and Corporation for Public Broad-
cast sponsorship. ATS-F is designed for a two year life and
has twelve other experiments on the satellite. The ETV
experiment downlink broadcast will be in the 2500 MHz to
2690 MHz band with 15 watts transmitter power. The 30 foot

ATS-F parabolic antenna with multiple feeds will provide two
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Table 12
Fixed Satellite (Earth-to-space) Allocations

Number of Region 2 radio Regqulation
Frequency Regions sharing Services Allocation Page Number
Bapd_(GHz) ___ Excluded Farth Satellite __Notes RRS=
2.655 2.690 1 2 1 7 82
4.400 4.760 1 0 0 86
5.725 5.850 2,3 N/A N/A N/A 86
5.850 5.925 NA N/A N/A 92
5.925 6.425 2 0 0 92
7.900 7.975 2 0 0 95
7.975 8.025 0 0 1 . 95
8.025 8.175 2 1 0 96
8.175 B8.215 2 2 0 96
8.215 8.400 2 1 0 96
10.95 11.20 2,3 NA N/A N/A 103
12.50 12.7¢ 3 2 0 0 104
14.00 14.30 1 0 1 104
.30 14,40 0 1 1 104
14.40 14.50 2 0 2 104
27.%50 29.50 2 0 0 110
29.50 31.00 0 0 1 110
50 51 0 0 0 113
c2 35 0 0 0 115
140 142 0 0 0 11¢
220 239 0 1 0 116
265 275 0 1 0 116
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Table 13
Fixed Satell.ite (Space-to-earth) Allocations

Number of Region 2 radio Regulation
Frequency Regions Sharing Services BAllocation Page Number
Band_(GHz) ____Excluded Earth Satellite Notes RRS -
2.500 2.535 1 2 1 5 81
3.400 3.500 2 0 1 86
3.500 3.700 3 0 0 . 86
3.700 4.200 2 0 1 86
7.250 7.300 0 0 2 92
7.300 7.450 2 0 1 93
7.450 7.550 2 1 1 93
7.550 7.750 2 0 1 93
10.95 11.20 2 0 0 103
11.45 11.70 2 0 0 103
11.70 12.20 1,3 3 1 2 103
12.50 12.75 2 VA N/A N/ A 1Ca
17.70 19.70 2 0 0 108
19.70 21.20 0 0 1 108
40 41 0 0 0 113
102 105 0 0 0 115
150 152 0 0 0 116
220 230 0 2 0 116
265 275 0 1 0 116
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Table 14
Broadcast Satellite Allocations
Number of Region 2 Radio Regulation
Frequency Regions Sharing Services Allocation Page Number
Band_ {GHz) _ Excluded _Earth Satellite Notes RES -
2.500 2.535 2 1 5 81
2.535 2.550 2 0 4 81
2.550 2.655 2 0 5 81
2.655 2.690 2 1 7 82
11.70 12.20 3 1 2 103
22.50 23.00 1,2 NA N/ A N/A 108
41 43 0 0 0 113
84 86 0 0 0 114
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beams with dimensions of 360 miles in the east-west
direction and 500 miles in the north-south direction over
the Rocky Mountain region. Frequency modulation with a 25-
30 MHz bandwidth will be used for one video signal and at
least four multiplexed audio subcarriers. There are no
satellite radiated power flux density limitations in the
2500-2690 GHz band.

The purpose of the experiment is to determine the
feasibility of direct satellite educational velevision
multi-linqual broadcasts to remote regions for home, school,
and commun}ty center television reception; CATV head-end
-eception; and educational television broadcast station
recept ion. The uplink transmission to the satellite will ke
at 6 GHz. The ground receive terminal will consist of an
antenna (7-10 foot simple parabolic dish), low-noise<figqure
receiver (2 dB to 7 4B noise figure depending on cost), down
converter, and M to AM converter. An outpht picture
signal-to-noise ratio of 47 4B, CCIR weighted, is the
objective. The current cost projections for the single
channel receiver package is $800-$1000 each in quantities of
500. For comparison, the uplink transmission terminal cost
would be approximately $150,000 to $200,000. This is an
important experiment for CATV system interconnection.

Unfortunately, if the experiment is successful, the only
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services which could be transmitted in that frequency band
re educational services.

Comsat's INTELSAT IV.satellites are in orbit and
operational. The INTELSAT IV satellite has 12 fully
redundant repeater-transponders with a usable bandwidth of
432 MHz. The satellite receive freguency band is 5932 MHz
to 6418 MHz and the transmit band is 3707 MHz to 4193 MHz.
The TWT output powers are about 7 watts. A global (17
degree) antenna beam and a spot (4.5 degree) antenna beam
are used. Total communications capacity is 3000 to 9000
two-way telephone calls or 12 simultaneous color TV
channels.

The Canadian Domestic Satellite is now in synchronous
orbit with 12 transponders, each capable of 960 one-way
voice telephone channels or 1 color TV broadcast. Each
independent channel has a bandwidth of 36 MHz and at least
33 dBW effective isotropic radiated power throughout Canada.
Spacecr aft lifetime is estimated at 7 years. The output TWT
amplifier of each channel operates as a saturated final
amplifier to provide 5 watts output power. The repeater
schematic is shown in fiqure 13. It is representative of
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Two channels on ANIK I are available for lease. All 12

channels on ANIK 2 will also be available to lease after
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launch in April of 1973. These channels are available for
lease to United States Corporations on a temporary basis.
RCA has made an agreement to use one channel of ANIK 2
starting in June 1973. The American Satellite Corporation
(AMSAT) , a joint venture between Fairchild Industries and
Western Union International, has agreed to lease two
channels for one year. Other leases are expected in the
near future by U.S. corporations which have proposed a U.S.
Domestic Satellite System. Lease costs per channel are
estimated at $2.5 million per year. These costs are
consistent with those used in section 3. These satellites
represent an opportunity to develop a pilot CATV television
experiment within the limitations of the satellite antenna
coverage patterns.

Proposals for the U.S. Domestic Satellite Systems are
somewhat difficult to summarize accurately since they are in
a state of change. 1Initial proposals totaled about 600
transponders in orbit with each transponder capable of one
color TV broadcast or about 900 to 1000 FDM/FM voice
channels or a 24 Mbps data stream. One notes from the
digital versus analog discussion in section 5.3 that over
five monochromatic digital television signals might be

multiplexed in the 34 Mbps data strean in the future.
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Table 15 gives a general summary of the proposed system
characteristics. Table 16 summarizes individual system
par ameters including total system investment cost estimates
and per channel space segment cost estimates.

Use of satellite circuits in television and data
transmission for CATV applications was discussed in section
2, including cost estimates. At the time of this report,
2ight applications* to build domestic satellite systems are
pending before the FCC (Wall Street Journal, 1972). A
current restriction limits A.T.&T. to use satellites for
regqular and wide-area or WATS telephone service and to
nrovide private-line communications to the federal
government. These vestrictions will terminate in three
yvears after A.T.§T. offers satellite service. It appears
from table 16 that the eight applications involwve on the
order of 280 transponders. Each transponder is designed to
relay one color television signal using high index FM when

television signals are to be relayed.

*A.T.6T. and Comsat; Comsat and Lockheed Aircraft Corp. and
MCI Commnications Corp.; Western Union Telegraph Co.;
Western Telecommunications, Inc.; Fairchild Industries,
Inc.; RCA Global Communications, Inc.; RCA Alaska
ommunications, Inc.; Hughes Aircraft Co.; and GTE Service
Corp. (see also Barmat, 1971) . Fairchild Industries and
Wagtern nion International., Inc. have formed the American
Satellite Corp. as a joint venture and recently anncunced
purchase of three 12-transponder communication satellites
(Wall Street Journal, 1973).
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Table 15
General Summary: U.S. Domestic Satellite System Cnaracteristics

Transmitter Power - 12 watts to 3%xW
Transmitter Bandwidth - 34 to 40 GHz
Antenna Size - 32 to 105 feet

4 GHz 54.3 to 59.4 dB

Antenna Gain -
6 GHz 57.8 to 62.9 dB

4 GHz 0.18 to 0.32 degrees

Antenna Beamwidth -

6 GHz 0.12 to 0.21 degrees

Noise Temperature - 60 to 150 degrces K
G/T - 35.3 to 41.2 dB
Azimuth of Radiation - 102 to 265 degrees
E.I.R.P. Main Beam - 73 to 92.5 dBW
E.I.R.P. Horizontal Plane - 3 to 25.8 dBW/4 kHz
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Not all of the 280 transponders will be used by the CATV
industry because c¢f the competitive needs of other
industries for transmission of telephone, data, and
television signals by satellite. The role of satellites in
one-way and two-way television transmission for CATV
applications has not been explored on a system basis
sufficiently well to permit an assessment. The potential
number of channels represents an opportunity for rapid
growth in interconnection, but cost will be an important
factor.

A final comment relative to the frequency bands of
satellite transmission is relevant. The U.S. domestic
satellite applications generally propose to use the common
carrier frequency bands for downlink transmissions with a
few exccptions. 1In order to transmit in these frequency
bands, the satellite radiated power flux density is limited
to prevent interference to terrestrial microwave systems.
Research is needed to develop terminals which can operate in
fregrency bands above 10 GHz, which are less restrictive in
terms of radiated power flux density. An important future
possibility exists in the use of digital television

transmission for broadcasting (see section 5.3).
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5.2. line-of-sight Transmission

Microwave transmission bhelow 15 GHz uses repeater
spacings on the order of 15-40 miles. Diversity operation
provides reiiable operation since rain attenuation is low
(25 mm/ hour rain rate: 0.09 4B/km at 6 GHz and 0.75 dB/km
at 11 GHz). Above 15 GHz the rain attenuation forces
repeater spacings to 1.5 to 4 miles and perhaps as long as
10 miles (25 mm/hour rain rate: 7.5 dB/km). RAttenuation
measured at 60 GHz aprears to be greater than anticipated
according to Roche (1970).

As previously mentioned in section 3, common carrier
microwave transmissions occur in bands around 4, 6, and 11
GHz. Allocations in the 10-13 GHz band are listed in table
17. A number of manufacturers offer equipment in these
bands. Morgan et al. (1272) observe that 16,620 radio-relay
allocations exist in the 3.700-4.200 GHz band, 11,820
allocations exist in the 5.925-6.425 GHz band, and about
4,500 allocations have been made in the 6.625-7.125 GHz
band.

Most of the equipment in the 10.55 to 13.25 GHz band
uses low index FM as the modulation. Low index FM enjoys no
significant signal-to-noise ratio advantage relative to DSB-
AM, but does allow the use of non-linear microwave

amplifiers (TWT). The absence of linear microwave power
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amplifiers may be changing with recent developments at 4 GHz
(Seidel, 1971). SSB-AM transmission effectively uses one-
half the low index FDM-FM signal bandwidth and permits
heterodyne translation to standard television frequencies
without demodulation to baseband and re-modulation.

Table 17
Allocation from 10.55 to 13.25 GHz

FCC FREQUENCY MAX OUTPUT
Rules Part BAND DESIGNATOR SERVICE POWER (Watts)
87,89,91 10,55 - 10,68 25,000 F9 Business Radio 1.5

21 10,70 - 11.70 30,000 F9 Common Carrier 1,5
81,87,89 12,20 - 12.70 20,000 F9 Misc. Private
91,93 Business Radio 1.0
74 12,70 - 12.95 25,000 F9* CATV/CARS 1.0
73 12,70 - 13.25 25,000 F9 Aux. Broadcast l.0
21 13.20 - 13.25 25,000 F9 Common Carrier l.0

*AM 1s also permitted in the CARS band

However, as promising as SSE-AM systems appear, they are
in an early stage of development, and the few real systems
in existence, particularly all solid state, are still in an
experimental or brassboard stage (Maccone, 1972; Ivanek,
1972) . One of the problems,”as mentioned before, in the
development of SSB-AM is in transmitter linearity (Ivanek,
1972). Various schemes have been experimented with and
simple, but adequate, solutions have yet to be found. One

experimental system (Ivanek, 1971), as an example, shows
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launch in April of 1973. These channels axe available for
1l ase to United States Corporations on a temporary basis.
RCA has maile an agreement to use one channel of ANIK 2
starting i June 1973. The American Satellite Corporation
(AMSAT) , a joint venture between Fairchild Industries and
Western Unic International, has agreed to lease two
channels for one year. Other leases are expected in the
near future by U.S. corporations which have proposed a U.S.
Domestic Satellite System. Lease costs per channel are
estimated at $2.5 million per year. These costs are
consistent with those used in section 3. These satellites
represent an opportunity to develop a pilot CATV television
experiment within the limitations of the satellite antenna
coverage patterns.

Proposals for the U.S. Domestic Satellite Systems are
somewhat difficult to summarize accurately since they are in
a state of change. 1Initial proposals totaled about 600
transponders in crbit with each transponder capable of one
color TV broadcast or about 900 to 1000 FDM/FM voice
channels or a 34 Mbps data stream. One notes from the
digital versus analog discussion in section 5.3 that over
five monochromatic digital television signals might be

multiplexed in the 34 Mbps data stream in the future.
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Table 15 gives a general summary of the proposed system
characteristics. Table 16 summarizes individval system
parameters including total system investment cost estimates
and per channel space segment cost estimates.

Use of satellite circuits in television and data
transmission for CATV applications was discussed in section
3, including cost estimates. At the time of this report,
eight applications* to build domestic satellite systems are
pending before the FCC (Wall Street Journal, 1972). A
carrent restriction limits A.T.&T. to use satellites for
reqular and wide-area or WATS telephone service and to
provide private~line communications to the federal
government. These restrictions will +:rminate in three
vears after A.T.&T. offers satellite service. It appears
from table 16 that the eight applicaticas involve on the
order of 280 transponders. Each transponder is designed to
relay one color television signal using high index FM when
television signals are to be relayed.

- —— - ———— —— ———————

MCI Communications Corp.; Westerr Union Telegraph Co.;
Western Telecommunications, Inc.; Fairchild Industries,
Inc.; RCA Global Communications, Inc.; RCA Alaska
Communications, Inc.; Hughes Aircraft Co.; and GTE Service
Corp. (see also Barmat, 1971). Fairchild Industries and
Western Union International, Inc. have formed the American
Satellite Corp. as a joint venture and recently announced
purchase of three 12-transponder communication satellites

pusviia o Lo LILIETT

(Wall Street Journal, 1973).
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Table 15
General Summary: U.S. Domestic Satellite System Characteristics

Transmitter Power - 12 watts to 3kWw
Transmitter Bandwidth - 34 to 40 GHz
Antenna Size - 32 to 105 feet

4 GHz S54.3 to 59.4 dB

Antenna Gain -

6 GHz 57.8 to 62.9 dB

4 GHz 0.18 to 0.32 degrees
Antenna Beamwidth T -

6 GHz 0.12 to 0.21 degrees
Noise Temperature - 60 to 150 degrees K
G/T - 35.3 to 41.2 dB
Azimuth of Radiation - 102 to 265 degrees
E.I.R.P. Main Beam - 73 to 92.5 dBW

E.I.R.P. Horizontal Plane 3 to 25.8 dBW/4 kHz
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Not all of the 280 transponders will be used by the CATV
ir.{ “try ~ecause of the competitive needs of other
.ndustries for transmission of telephone, data, and
television signals by satellite. The role of satellites in
one-way and two-vay television transmission for CATV
applications has not been explored on a system basis
sufficiently well to permit an assessment. The potential
number of channels represents an opportunity for rapid
growth in interconnection, but cost will be an important
factor.

A final comment relative to the frequency bands of
satellite transmission is relevant. The U.S. domestic
satellite applications generally propose to use the common
carrier frequency bands for downlink transmissions with a
few exceptions. In order to transmit in these frequency
bands, the satellite radiated power flux density is limited
to prevent interference to terrestrial microwave systems.
Research is needed to develop terminals which can operate in
frequency bands above 10 GHz, which are less restrictive in
terms of radiated power flux density. An important future
possibility exists in the use of digital television

transmission for broadcastirg (see section 5.3).
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5.2. line-of-sight Transmission

Microwave transmission below 15 GHz uses repeater
spacings on the order of 15-40 miles. Diversity operation
provides reliable operati-za vince rain attenuation is low
(25 mm/ hour rain rate: 0,09 dB/km at 6 GHz and 9.75 dB/km
at 11 GHz). Above 15 GHz the rain attenuation forces
repeater sp;cings to 1.5 to 4 miles and perhaps as long as
10 miles (25 mm/hour rain rate: 7.5 dB/km). Attenuation
measured at 60 GHz aprears to be greater than anticipated
according to Roche (1970).

As previously mentioned in section 3, common carrier
microwave transmissions occur in bands around 4, 6, and 11
GHz. Allocations in the 10-13 GHz band are listed in table
17. A number of manufacturers offer equipment in these
bands. Morgan et al. (1972) observe that 16,620 radio-relay
allocations exist in the 3.700-4.200 GHz band, 11,820
allocat ions exist in the 5.925-6.425 GHz band, and about
4,500 allocations have been made in the 6.625-7.125 GHz
band.

Most of the equipment in the 10.55 to 13.25 GHz band
uses low index FM as the modulation. Low index FM erjoys no
significant signal-to-noise ratio advantage relative to DSB-
AM, but does allow the use of non-linear microwave

amplifiers (TWT). The absence of linear microwave power
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amplifiers may be changing with recent dewvelopments at 4 GHz
(Seidel, 1971 . SSB-AM tiransmission effectively uses one-
half the low index FDM-FM signal bandwidth and permits
heterodyne translation to standard television frequencies
without demodulacion to baseband and re-modulation.

Table 17
Allocation from 10,55 to 13.25 GHz

FCC FREQUENCY MAX OUTPUT
Rules Part BAND DESIGNATOR SFR "¢ T"OWER (Watts)
87,89,91 10.55 -~ 10.68 25,000 F9 Busine+ Re'e 1.5

21 10.70 - 11,70 30,000 F9 Common Carrier 1
81,87,89 12,20 - 12.70 20,000 F9 Misc., Private
91,93 Business Radio 1.0

74 12,7¢ - 12,95 25,000 F9* CATV/CARS l.0

73 12,70 - 13,25 25,000 F9 Aux. Broadcast 1.0

21 13,20 - 13.25 25,000 F9 Common Carrier 1.0

*AM 18 also permitted in the CARS band

However, as promising as SSB~-AM systems appear, they are
in an early stage of development, and the few real systems
in existence, particularly all solid state, are still in an
experimental or brassboard stage (Maccone, 1972; Ivanek,
1972). One of the problems, as mentioned before, in the
development of SSB~AM is in transmitter linearity (Ivanek,
1972). Various schemes have been experimented with and
simple, but adequate, solutions have yet to be found. One

experimental system (Ivanek, 1971), as an example, shows
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rate [baseband signal) would bhe 6.72 x 106 bits per second.
Conventionally, picture coding compression ratios are
expressed in a different way, as explained below, although
tne concepts are similar. Further, in many techniques, the
cuanzizing, encoding, and compression are per formed

simult aneously so that the signal processinc explained in
terirs of PCM is not actually present. The digitally encoded
and compressed data sequence has no resemklance to a picture
structure unless the decompression-decoding algorithm is
used.

Finally, it is noted that each method of quantizing an
analog signal has a certain usable dynamic range for the
input signal. Uniformly quantized PCM, for example, for n =
8 does not have sufficient dynamic range to digitize voice
or video signals. Non-linear quantized PCM (referred to as
companded PCM) is usually employed to obtain an adequate
dynamic range to match the input signal dynamic range.
Companding techniques have also been developed for delta
modulztion.

The state-of-the-art in reducing the data rate or
bandwidth is reflected in Bell Laboratories publications

(Mount+s, 1970); special IEEE issues (IEFE Txauisarctions on

Communication Tachnoloav. 1971: IEEE Proceedings, 1967

and 1972: IEEE Spectrum 1972: and IEEE Transactions on
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Computers, 1972), and numerous survey papers suCh as
Schwartz (1969), Hua.ug et al. (1571), and Wilkins et
al. (1971). A relatiwvely up-to-date bhibliography is
available from the Image Processing Laboratory at the
University of Southern California (Andrews,1972)
This bibliography contains approximately 1000 references on
the subject of image processing, coding, and transmission.
Some textbooks are also available (Rosenfeld, 1971;
Lawrence, 1967; and Berger, 1971). The consensus at the
present time indicates data rates of 1 x 106 bits per second
for 30 jrames per second, good quality gray scale video
transmission for Bell System PicturePhone* television
signals. Recent developments presented at the 1973 Picture
coding conference incicate Bell System plans for a 1.544
Mbps Picturephone* digital transmission data rate for
network applications including T1 carrier. The single video
channel encoder uses frame-to-frame redundancy encoding with
Shannon-Fano variable code word lengths. A 345,000 bit
frame memory and a 120,000 bit coder buffer are included.
The 525 line broadcast television picture, as noted
previously, has 270,000 picture elements per frame. This is
not (525)2 because of the 4:3 picture aspect ratio and other

resolution factors. At a 30 frames per second rate about

*Registered Trademark of A.T.ET.
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8.1 x 106 picture elements per second are obtained. Connor
et al. (1972)'summarize intra-frame coding techniques and

the number of transmitted bits per picture elements 2s:

fixed length code with 3-4 bits per
predictive algorithm picture element
(2.43 - 32.4 x 106 bps)
Variable length code with 2-3 bits per
predictive algorithm picture element
(16.2 - 24.3 x 106 bps)
Adaptive techniques 1.2-2.2 bits per
Conner, et al. (1972) picture element

(9.72 - 17.8 x 108 bps)

Transform techniques 1-2 bits per
(2 dimensional, adaptive) picture element
wintz (1972) (8.1 - 16.2 x 10% bps)

It is important to note that the statement 1-2 bits per
picture element is the result of dividing the 8.1 - 16.2 x
106 bps data rate by 270,000 picture elements. It is an
average and does not mean that each picture element requires
1-2 bits.  Some picture elements need more and some less.

Inter-frame coding described by Haskell et al. (1972)
achieves a 1 bit per picture element average rate with a
67,000 bit buffer required for overflow. Ignoring the

forced updating of picture information due to buffer
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overflow, the long-term average data rate is about 0.35 bits
per picture element. Buffer size and delay make it
difficult to achieve this rate with a single channe . If
data from several (12-15) conditional-replenishment coders
are combined prior to buffering and transmission, the
required channel rate appears to be about 0.5 bits per
picture element. This would involve a data rate of about
4.1 x 106 bits per second for each video picture signal
using black and white rather than color techniques. For
color transmission the data rate would be around 10 x 106
bits per second. These rates actually apply only tc the
head-and-shoulders picture of the Picturephone* application.
The CATV system will be assumed to use 5 MHz bandwidth
for the television video sirnal. Also, a signal~to—-noise
ratio of 42 dB to 48 dB at the television receiver is
assumed as well as excellent phase stability because of
color transmission. This type of commurications channel can
support an 8 level coherent PSK modulation for transmission
on the cable or for interconnection. Assuming a required
bit error rate of 1 x 10-¢ (4 bit errors ver second) for
good picture quality, a signal-to-noise ratio of 19 to 20 d4dB
is needed. The signal) bandwidth for the 4.1 x 106 bps rate

would be between 1.4 MHz and 2.8 MHz (Hill, 1972). One

————— ——— s — - — -
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could then ideally transmit two or three digital television
black and white video channels for every analog television
videc signal as long as the Picturephone* picture statistics
are applied. For color, larger bandwidths would be needed.
This would represent the current research and development
state-of-the-art for digital Picturephone* television. A
key unanswered question in this area concerns the nremory
size for commercial television pictures. The numbers
presented above are based only on a head-and-shoulders type
picture. The savings in signal-to-noise ratio is
substantial and reprosents an area for trade off with the
required digital equipment and buffers for data compression.

Analog transmission is characterized by an accumulation
or noise which gradually degrades the signal-to-noise ratio
irreversibly. Operation of IF amplified microwave links
with diversity and 80 dB signal-to-noise ratio does permit
coast-to~coast video transmission. Digital transmission
accumulates errors during regeneration because of noise
exhibit ed partly as clock jitter, but the degradation is
reversible with error correction coding. Monitoring and
fault location are easier, but degradation exhibits a

threshold effect. If time division multiplex transmission

—— . — y —— g o e S i Ul P S
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is used, timing and synchronization requirements impose
added costs and error sources.

From the point of view of CArV interconnection and to
some extent within the larger CATV systems, digital
transmission may be a feasible alternative in the future.
An 80 video chi¢nnel interconnection loop may be able to
operate at lesc %hin %400 Mbps data rate in a bandwidth less
than 200 MHz 1. black and white transmission. This
bandwidth is withi. the capabilities of coaxial cable,
microwave radio, nd sute’lite relay. A digital loop
network confiquration would provide point-to-point CATV
system interconnection with far less interconnecting links
and also would give 24-hour full channel service without
switching. It appears that inveétigation of the application
of this technology to CATV systems would be fortuitous at
the present time. Most of the CATV systems must be built

and changes can be made much easier in the next few years.

5.4. Queueing Aspects
Those services proposed for CATV two-way systems which
involve request-service interactions in real time face a
sianificant system trade-off. The system capacity can be
developed to handle all requests with no delay. This design

approach must be responsive to maximum peak loads.
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To minimize capacity requirements, one can introduce the
concept of waiting times for access and service. If
acceptable delays (to the customer) can be found, one can
determine the required capacity for efficient utilization of
the system resources. The familiar application of these
ideas is found in the selection of the number of checkout
counters to install in a supermarket store.

Martin (1971) describes two examples which illustrate
the principles involved. A CATV system with 30,000
subscribers is cssumed. One television channel is assumed
to be connected in a loop and operated as a 6 Mbps data
channel. The channel would be operated to collect data from
subscriber sets. Using a block framing technigque to include
synchronizatioa bits and error correcting parity check bits,
a data rate of 15.8 characters per second from each
subscriber set can be maintained. One must type very fast
indeed to maintain this rate. Maximum delay would be 62
milliseconds. Other polling designs could be developed to
obtain the same delay as an average delay and allow the
system to serve more subscribers or serve the same number cf
subscribers with a smaller data rate. The capability of a
television channel bandwidth for interrogation of 30,000 or
more subscribers is apparent.

Martin (1971) also describes - example in which data is
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transmitted to the subscribers. Again a single television
channel is used for a 6 Mbps data rate and 20,000
subscribers are assumed. The television set is assumad to
display the character responses of 119 characters each.
Average access delays would be 0.25 second with a maximum
possible access delay of 4 seconds. This may be
satisfactory since more than 4 serconds are usually required
to read 119 characters.

These examples involve transmission of request data and
reply data in block form on a loop circuit in which the
head-end or terminal wait for the next addressed block for
transmission. Conventionally this time of transmission is
referred to as the service time with the average designated
it, The average rate of transmission per hour is designated
as A. The product L&;ﬁ_ is p. This reflects the channel
utilization or the efficiency of use of the system
resources.

A review of proposed services indicates each will have a
different distribution of service times and consequently
different average service times #-l Further, a multiple
number of channels will be available for transmission of

carvicaq.
caervices

These rroblems are difficult to treat
analytically without simulation. Some general estimates can

be made. Using results of Janc et al. (1973) and
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Thomopoulos et al. (1973), a three television channel case
is assumed.

The system has one head-end and one television channel
for receiving requests from subscribers, as described
before. The system has 30,000 subscribers. Three
television channels are available for servicing the
requests, i.e., transmitting the information requested to
the subscriber terminal. Wwhen a transmission occurs on a
channel to service a request, that channel is not available
to service any other subscribers request until the first
transmission has been completed. The head-end has three
identical sets of equipment for servicing requests. When a
request is received, the transmission occurs on one of the
available channels and the subscribers t
tuned to the appropriate channel automatically.

Figure 16 shows the relation—betweenta, H-t and A for
two different grades of service. The grade of service is
the probability that all three channels are busy when a
subscriber makes a request. This is the system access
probability if it is assumed that the request channel has
zero delay. Since that delay is a maximum of 63

milliseconds

ere, it will be ne
encounters a delay, the next important parameter describes

the average waiting time to access. This is given by a
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multiplication factor expressed as W,. The average waiting
time is then givel. by u -t times Wae

In figure 16, P = 1.0 corresponds to an average
utilization of only one channel whereas P = 2.2 reflects an
average utilization of two full channels and the third
channel 20 percent of the time. The rate of requests for
service A is given in the number per hour. For p = 1.0, the
grade of service is 0.30 and the waiting time factor W, is
1.3. When p = 2.2, the grade of service increases to 0.47
and the waiting time factor increases to 1.7. 1In the latter
case a subscriber would encounter a delay almost one-half
the time and the average delay to transmit his request would
be 1.7 times the value of u-t.

By extrapolation from figure 16 along the p = 2.2 curve,
one obtains u-t of 0.25 seconds for 30,000 requests per hour
anl g -t of 0.8 seconds for 10,000 requests per hour. The
3¢,000 requests would correspond to a peak locad and 10,000
requests to 33 percent load. The corresponding average
de lays would be 0.43 seconds and 1.4 seconds. The 30,000
suhscriber case gives the same results as Martin's (1971)
se Ind example, cited previously. The u-t of 0.25 seconds
corresponds to about 120 characters average per service

responsc. This may be adequate for many time-share
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channel systems have to be developed, a 30 channel system of
30,000 subscribers may be able to service 8,000 requests per
hour with an average service time of 10 seconds and an
average waiting time of 17 seconds for the 47 percent of the
requests which would be delayed. One notes that 53 percent
of the requests would not encounter any delay.

These examples suggest that a large number of television
channels may be needed to support interactive two-way
services for large CATV systems. This appears to be the
case for an aggregation of multiple services. Some of these
could be fairly sophisticated and involve large values of
p-t (such as 10 minute duration travel films). The model
used for figure 16 involves a Poisson arrival process with
the same exponential service time distribution on each
channel. Situations with interactive service times require
a model such as that described by Matney (1972). Other
models used in computer time-share system design may be

appropriate (Martin, 1967) .
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