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1.0 OVERVIEW
1.1 NASA STUDY CONTRACT

This Volume 1II, Final Technical Report, presents the compo-
site results of the "Communications Platform Payload Definition
study” performed under the NASA-Lewis Research Center contract
with Ford Aerospace & Communications Corporation, NAS3-24235.
The overall study period of performance was June 1984 though July
1985.

This study was accomplished as a joint effort of Ford
Aerospace and Satellite Systems Engineering (SSE). SSE provided
the satellite user expertise in the service aggregation scenarios
and also provided evaluation and adaptation of the traffic models
for the various services. The SSE user interpretation was based
upon experience in supporting DBSC's planned domestic DBS service
as well as in dealing with a number of domestic band
ihternational users in defining the communications needs and

economic viability of satellite communication.

The Ford Aerospace Study Manager was Dr. Edward M. Hunter.
The study management at NASA-Lewis was directed by William A.
Poley.

1.2 STUDY OBJECTIVES

The specific goals of the Communications Platform Payload

Definition Study are as follows:

o} Determine types of geostationary communications payloads
applicable to a large platform, circa 1998
o} Provide concept system architecture

o] Provide payload- concept and description
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o] Provide . comparisons including estimated cost and
technoloqy risk
o Identify high payoff technology

In the context of this study, "large geostationary facility*
means a very large (i.e., greater than 5,000 pounds) satellite, a
platform, or a cluster of satellites colocated at a single
geostationary orbit slot. "Communications payload" refers to
those subsystems which provide voice, video,* or data
communications services. Not 1included 1in the *"payload"” are
subsystens providing the functions of attitude control,
stationkeeping, and power generation.

The study evaluated the impacts of new traffic forecasts and
estimates of the new services to be provided in order to provide
NASA with answers to the following questions:

(o} Is the existenée'of one or more large scale geostationary
facilities, each consisting of a payload providing a
single . communications service or a variety of
communication services, desirable in the mid to late 1990s?

o If so, what are the most viable operational systems
(payload, spacecraft, transportation, and space
operations) for that time frame?

o For those operational systems, what enabling and
supporting technologies are required prior to
implementation and, in particular, which of those
technologies is of high technical and/or economic risk?

1.3 GUIDELINES AND CONSTRAINTS
The scope of this study was controlled by several NASA

directed as well as <contractor recommended guideline and

constraints. Among these were:
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o Utilization of 1998 operational technology (mature status
1993)

No in-orbit payload assembly

Minimum system lifetime of ten years

Conformance to "anticipated" regulatory requirements

o O O ©°

"Baseline" configurations limited to communications
payloads only

Institutional issues ultimately not a barrier

Must be economically feasible '

Must be based on demonstrated need

© O O o

Accommodate user/operator requirements

In addition to the above constraints Ford Aerospace added the
constraint that "Baseline" configqurations be constrained to rigiad
reflectors for FSS and DBS

The various communications service aggregation scenario
configurations were to include at 1least two "baseline" systems
and at 1least two "“variations". The coverage and frequency
planning for each is as follows:

a. Baseline Requirements

- Up to CONUS coverage
- U.S. domestic FSS and DBS services only
- C/Ku/Ka frequency bands

b. Variation Requirements

- Service coverage area up to entire western hemisphere
(WARC region 2 + Intelsat)

- Additional services: mobile (land, sea, air), data
collection, others

- Intersatellite '~ 1link capability to international

satellites or other non-U.S. satellites or platforms
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either

various scenario confiqurations were to be based upon
of the following two launch concepts:

Launch Concept 1l: up to a maximum single shuttle launch
of combined spacecraft and upper stage with a spacecraft
weight of up to 12,000 pounds

Launch Concept 2: allows a separate spacecraft (without
upper stage) of size and weight up to a full shuttle
launch capability (65,000 pounds)

1.4 STUDY APPROACH

The
tasks.

NASA SOW.- organized the study into an orderly sequence of
These tasks support the study outputs by successively

accomplishing:

Task 1:

Task 2:

Task 3:

Task 4:

Task 5:

Assemble a data base consisting of tratfic models,
market forecasts, technology forecasts, c¢riteria for
selection and evaluation, and cost estimating
methodology to be used for the remainder of the study

tasks.

Using the data base and criteria select at least six
service aggregation scenarios for development and
evaluation. Hold an informal briefing at NASA LeRC to
review the scenario ranking and select scenarios for
further development.

Develop payload <concepts for four of the service
aggregation scenarios developed in Task 2.

Develop four detailed payload system configuratiéns for
the concepts developed in Task 3, and define the payload
to the component level.

Provide a system cost estimate and identify cost drivers

for the payload configurations.

1-4
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Task 6: Identify both enabling and supporting technologies
critical to the eventual implementation and operation of
each of the concepts.

Task 7: Provide system comparisons between the communications

payloads.

Interim presentations were made at NASA Lewis Research Center
on 27 September 1984 and 7 February 1985, and the final review
presentation was held on 16 July 1985. Three additional interin
review meetings were held at Ford Aerospace in Palo Alto,
California as well as a bus study contract interface meeting.

The general methodology which was utilized to generate the
development planning information on performance and costs 1is
shown 1in Figure 1.4-1. The traffic analysis, performance
standards and network analysis leads to overall communications
requirements expressed in number and types of channels. The
systems analysis effort then postulates .candidate systems,
evaluates, and defines selected concepts. The systems design
effort provides hardware definition of space and ground segments
which serves as the basis for costing and other development

planning outputs.
1.5 SUMMARY DESCRIPTION

Several satellite demand forecasts have indicated a growing
pressure on arc/spectrum resources. More efficient use of this
scarce resource will be required to meet projected demands in the
year 2000 and beyond. In addition, economic pressure from
terrestrial systems such as fiber optics will require a
significant reduction in per-circuit costs in order for satellite
systems to remain competitive, especially for point-to-point high
density routes. »
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Figure 1.4-1 Development Planning Methodology
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In the point to multi-point applications such as DBS and data
gathering, the satellite should have a natural advantage over
land distribution systems. However in the U.S. the existing land
based distribution system is extensive and already in place and

will be very difficult to replace.

A potential solution to these problems is the use of large
geostationary platforms which can provide significant improve-
ment in the communications capacity of an orbital slot as well as

economies of scale.

This study describes several scenarios which provide an
increasing capability to serve projected Region 2 traffic.
Briefly these scenarios are:

A medium capacity CONUS FSS and medium power DBS capability

o A high capacity medium and high power video distribution
capability

o A high capacity CONUS FSS capability

o A complementary pair of satellites with the high capacity
CONUS FSS capability above and in addition, incorporating
intersatellite links to "European" and "Asian" platforms
to carry all Region 2 1international traffic, plus
providing all non-U.S. domestic coverage in the Western
Hemisphere, as well as all maritime service in the Western

Hemisphere.

The first three scenarios are sized such that the platform,
upper stage and fuel can be carried to low earth orbit (LEO) with
a sipgle shuttle launch:; the last scenario would require multiple
shuttle launches with in-orbit assembly of spacecraft and upper

stage, and/or fueling at the Space Station or GEO servicing.

For each scenario, this report describes the various payloads,
antenna requirements, hardware implications (including on-board
processing) and modulation/access methods. Finally, the

1-7
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advantages and disadvantages of each scenario are discussed
relative to such factors as launch considerations, institutional

barriers, reliability, and economics.
1.6 ORGANIZATION OF FINAL REPORT

The final report describing the findings of the Communica-
tions Platform Payload Definition Study 1is contained in three
volunes. Volume 1, Executive Summary, CR-174928, provides a
brief overview of the payload descriptions and key findings.
Volume II., Final Technical Report, CR-174929, provides the
detailed information on the study data base (Task 1), aggregation
scenario development (Task 2), payload concept development (Task
3), payload definition (Task 4)., cost estimates (Task 5),
critical technologqgy (Task 6), and system comparison (Task 7).

Additional supporting detail 1is contained 1in Volume TIII,
Addendum to Final Technical Report, CR-174930. This includes
descriptions of traffic models, traffic surveys, satellite and
ground system profiles, and payload details for all developed

scenarios.



Ford Aerospace &

Communications Corporation

SECTION INDEX

Page
2.0 DATA BASE (TASK 1) 2-1
2.1 OVERVIEW . 2-1
2.2 TRAFFIC FORECASTS . 4 2-3
2.2.1 Introduction and Summary of Traffic Demand vs Supply 2-3
2.2.1.1 Approach to Traffic Forecast A 2-3
2.2.1.2 summary of Traffic Demand vs Supply 2-10
2.2.1.3 Breakdown of Summary Satellite Demand 2-13
2.2.2 U.S. Domestic Traffic Forecast 2-17
2.2.2.1 Results of Industry Survey - } 2-17
2.2.2.2 Fixed Satellite Demand (U.S. Domestic) 2-18
2.2.2.3 Direct Broadcast Satellite Service (U.S. Domestic) 2-18
2.2.2.4 Mobile Satellite Service (U.S. Domestic) 2-20
2.2.3 Non U.S.Domestic Traffic Forecast _ 2-21
2.2.3.1 Fixed Satellite Service ' 2-21-
2.2.3.2 Direct Broadcast Service ' 2-25
2.2.3.3 Mobile Satellite Service - S 2-26
2.2.4 Regional Services Traffic Forecast 2-27
2.2.4.1 Regional Service- U.S. to/from Canada " 2-28
2.2.4.2 Regional Service - U.S. to/from Latin America & = 2-28
Caribbean '
.2.4.3 Regional Service - Intra Latin America & Caribbean 2-30
5 International Traffic Forecast 2-31
2.5.1 Atlantic Ocean Region (AOR) . 2-31
5.2 Pacific Ocean Region (POR) 2-33
6 Maritime Services Traffic Forecast 2-34
2.7 Future Growth for Traffic Forecast to Year 2008 2-35
2.3 TRAFFIC DISTRIBUTION MODELS 2-36
.1 Approach ' _ | 2-36
.2 NASA_FSS Model | 2-38
.3 Intelsat FSS Model 2-38
.3.4 OQther Distribution Models 2-39



Fbrd Aerospace &

Communications Corporation

SECTION INDEX (Cont.)

2.4 SPACE AND TERRESTRIAL SUPPLY FORECAST

2.4.1 .Overview
2.4.2 Estimate of

Satellite Transponder Supply

2.4.3 Terrestrial

'Terminal Supbly

2.4.3.1 Terminals
2.4.3.2 Terminals

in Support of FSS and DBS Service
in Support of Mobile Service

2.5 CONSTRAINTS, SELECTION CRITERIA, AND OTHER

CONSIDERATIONS

2.5.1 Study and Task Constraints

2.5.2 Service Agqgregqgation Scenario Selection Criteria

2.5.3 Payload Concept Evaluation Criteria

2.5.4 Other Consideration

2.5.4.1 Institutional Barriers
2.5.4.2 Regulatory Considerations

2.5.4.3 Insurance

Issues

Page
2-43
2-43
2-47
2-50
2-55
2-58

2-60
2-61
2-63
2-63
2-64
2-72
2-74



Ford Aerospace &

Communications Corporation
2.0 DATA BASE
2.1 OVERVIEW

The purpose of task 1, Initialization and Data Base

Development, was to develop the  foundation material required to
support the subsequent study tasks 2 thru 7. NASA provided
references 1 through 7 as the initial data base. During the

study, reférences 8 through 53 were compiled and used in various
phases of the effort. A summary of the task outputs included:

(o] Overall study and task constraints

Communication service aggregation scenario selection
criteria.

Payload concept evaluation criteria.
" Traffic forecasts and distribution models.

Forecasts of space and terrestrial plant-in-place.
Communications technology forecast.

o O 0 o0 o

Cost estimating methodology.

This material was presented to NASA Lewis Research Center,
Cleveland, Ohio, in a Task 1 Review held on 27 September 1984.

The data base information has been organized into the

following sections of this report: .

Traffic Forecasts (Section 2.2)

This Section contains the forecast of communications traffic
for the categories of A) U.S. Domestic B) Non U.S. Domestic C)
Regional Services D) International Traffic (Region 2 to other

regions) and E) Maritime. A breakdown of fixed services
(voice, video and data), direct broadcast and mobile is
included. The approach to this subtask was to utilize the NASA
supplied models of U.S. commercial traffic supplemented by other
models developed by'Ford Aerospace and it's associate contractor

2-1
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Satellite Systems Engineering, 1Inc. (SSE). The results of a
survey of industry, performed by SSE, on traffic requirements is

included as Appendix D.

Traffic Distribution Models (Section 2.3)

The section addresses the distribution patterns of the
traffic projected in Section 2.2 The projections were based
upon use of the NASA FSS model, the Intelsat FSS model, and
others developea for this study. Supplementary material is also
included in Appendices A, B, and C of Volume III of this report.

Space and Terrestrial Supply Forecast (Section 2.4)
This section defines the availability of spacecraft

transponders and terrestrial terminals over the period from
present up to 1998. Additional detail on satellite system
models is included as Appendix E to this report.

The space segment estimates include the numbef of satellites,
orbit 1locations, and traffic carried. The terrestrial segment
estimates include information on the traffic carried,
transmission mode split, numbers of earth stations serving the
space ségment. ranges of sizes and types of earth stations, and
frequency bands utilized.

Selection Criteria and Constraints (Section 2.5)

This section summarizes the overall study and task
constraints imposed by NASA, defines the service aggregation
scenario selection criteria, defines the payload concept
evaluation criteria, and addresses other general constraint
issues 1including a) institutional barriers b) requlatory
considerations and c¢) insurance issues. -

Additional Task 1 material related to payload servicing
forecasts and communications technology forecasts 1is presented

in Section 7 of this report.
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2.2 TRAFFIC FORECASTS

2.2.1 Introduction and Summary of Traffic Demand vs Supply

2.2.1.1 Approach to Traffic Forecast

The purpose of the traffic forecast subtask of Task 1 was to
assemble,  develop, and/or synthesize traffic forecasts and
models required by the study and not furnished by NASA. This
information was supplemented by a NASA provided synthesis (Ref.
8) of the results of the most recent Western Union (Ref. 1 and
2) and I.T.T. (Ref. 3) demand studies, completed in the summer
of 1983.

" The requirement for a :large space platform is ultimately
dependent on the anticipatéd need from the end users, not only
to enable optimall design of the platform but also for the
continued justification of the requirement for the

communications payload.

There is certainly no deérth of demand studies for
communication satellites in the next 15-20 years. There are
forecasts that have been produced on a regular basis to be sold
to the 1industry at large. There are fqrecasté that have been
produced on a contract basis to support. FCC application and
business plans of would-be satellite operators. There are also
fdrecqsts that have been produced under contract to NASA, or
other government agencies, in support of various programs. As
might be expected, the methodoloqigs and assumptions used by the
various demand studies have varied considerably, resulting in
some dramatically different results, but, until very recently,
almost all forecasters agreed in their assessment of almost
exponential growth in the demand for satellite communication,
with no slowdown in sight. The only perceived constpaint to
this growth was not a slackening of demand, but rather the
saturation of the ‘orbital arc and an inability to build and
launch enough satellites fast enough to cater to the demand.
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The most obvious recent proof of the optimism is the number
of applications for FSS licenses received at the FCC in November
1983. If all of the satellite systems currently authorized and
pending at the FCC weré approved (and financed). the number of
commercial C and Ku-band satellites in orbit would grow from 18
at vyear-end 1983 to 32 by year-end 1985, 78 by year-end 1990,'
‘and 111 by year-end 2000 (assuming one for one replacement at
the end of the expected design life and no new systems).
Alreédy. one of the November 1983 applicants, American
Satellite, has proposed a Ka-band package in their planned
system, and in December 1983 'Hughes Communication became the
first company to propose a commercial all Ka-band satellite

system.

Despite these events, in recent months there has been some
uncertainty heard in the fqrecasting world. " One recent demand
projection, the report of Working Group A-1 (WGA-1) of the FCC
advisory Committee on Space WARC '85 (Ref. 10) was somewhat more
cautious in it's outlook for the satellite communications

- industry. ' '

wéA—l used two different approaches to develop their demand
estimates, the average of which was 10% 1lower than Western
Union's (1983) demand projections and 25% lower then I.T.T.'s
(1983) demand projections. .

The most probable stimulus for this more cautious view of
future growth 1in sate}lite demand 1is the current - "buyers's
market"” for satellite transponders. There are a number of
transponders available on operational satellites and many more
available on satellites to be launched in 1984 and 1985
(especially GTE's G-Star and Spadenet Systems). With the supply
of transponders about to double in the next 2-3 years, some hard
questions are beginning to be asked about those demand studies
predicting virtually unlimited growth.

2-4
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This temporary shifting in the satellite marketplace should
be seen as the natural result of two factors:

1. A predictable slowdown 1in growth of the two major
applications that spurred the growth of the commercial
satellite industry in the 1970's - point-to-point heavy
trunking telephony and cable TV distribution

2. Slower than expected growth in some of the newer services
that were expected to drive satellite demand 1in the
future - video conferencing, DBS, and private corporate
networks ' ‘

With the fairly rapid introduction of both SSB-AM microwave
and fiber optics into the terrestrial transmission systems (and
the related decision by AT&T to keep most of their long-distance
voice traffic off their satellite), it has become obvious that
high denéity point-to-point traffic does not exploit the true
advantages of satellite transmission, especially when. there is a
substantial terrestrial infrastructure 1in place. Voice will
continue to be a major component of satellite demand but in the
context of many smaller networks and with emphasis on remote
locations and lower density traffic.

The distribution of video signals from a network center to
cable franchises 1is a natural wuse of satellites, and this
application provided the spark that ignited the growth of the
commercial satellite industry. But the cable T.V. industry is
also in a period of reshuffling, facing competition from new
technologies such as LPTV, MDS, private cabie. etc, and weeding
out of some of the poorly managed and conceived programming
services (eg, CBS cable, the Entertainment Channel, etc). In
the: long run, the television industry will continue to be a
major user of communication satellites, as the recently
“announced satellite interconnection plans of the three
commercial TV networks illustrate.

2-5
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The reasons for the slower than expected growth in some of
the newer services are ultimately cost-related. Almost all
video conferencing so far has been full broadcast quality, using
an entire transponder. Until most video conferencing can be
compressed into less bandwidth (ie, 1.544 Mb/s or even 56 kb/s)
with acceptable quality, the costs of video conferencing will be
inhibiting. Similarly. the growth of private corporate networks
has been hampered by the high cost of earth stations and
accompanying equipmenf. The advent of DBS has been slowed by
requlatory hurdles and the uncertainty over the optimal mix of
cost and sophistication in the sky and cost and 'sophistication

on the ground.

What is occurring now in the satellite industry is a more
critical assessment by users of the advantages and disadvantages
of satellite communications, compared to other transmission
media. And' what is now becoming clear to users 1is that the
major - operational advantages of satellites are in
point-to-multipoint, and multipoint-to-multipoint applications.
It is in these applications that the inétant networking feature
of a satellite network becomes MOét d;amatic. In the next
decade and beyond, the industry will understand better these
market (and economic) realities, 1leading to rapid growth in
those areas where satellite communications are most suited.

It is projected that the new growth areas will come from the

following:

o Video Conferencing - Analysts still believe that video

conferencing will have a major impact on future demands
for network capacity. As video conferencing costs fall
due to economies of scale in the provision of service and
the transition to all-digital service (leading “to moré
efficient compression techniques), demand for the service
will grow dramatically. Combined with the continued rise
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"in the cost of travel and the increased productivity by
not- travelling. video conferencing should evolve into a
major component of demand in the next 25 years.

o CPT-CPT - Often the most expensive and difficult
component of any transmission system is the local
distribution 1link. Direct - satellite 1links Dbetween
customer premise terminals (CPT) offer the opportunity to
avoid 1local distribution problems entirely. As earth

station prices continue to decline and more efficient
transmission modes (eg, thin-route TDMA) are introduced,
this option becomes cost effective to a larger number of
users. I.T.T. (Ref. 3) foresees CPT-CPT traffic as 20%
of- the total satellite market by the year 2000, while
W.U. (Ref. 2) estimates this application as 25% of the
total satellite market by 1990. Another report fdrécaéts
growth in thin route earth station sales revenues from $3
million in 1981 to $175 million in 1991, reflecting an
annual compound growth rate of 50%.

0 Personal Cbmppter Networks - As the personal computer

market continues to grow, there will be a burgeoning need
for low-volume déta communication links direct to the
telephone 1line. A recent study predicted growth in
household ownership of personal computers with modems
from almost none in 1982 to nearly 5 million in 1985. It
also predicted the number of electronic mail wusers
expanding from 10,000 in 1982 to almost a million by
1986. Much of this communication can be handled over the
telephone 1local lines, but there will be an increasing
need for visual and graphic forms of communication,
requiring more bandwidth than the 1local telephone
companies can . supply.
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(o} DBS - Depending on whom you believe, DBS .represents
nothing 1less than the next deneration of TV program
delivery or nothing more than an idea whose time has come
and gone. In theory, DBS is the most natural application
for satellites, with millions of small, inexpensive
ground stations inétantly connected in a network via a
very powerful satellite. The major drawback ‘to DBS in
this country is not the DBS technology itself, but a well
entrenched broadcast and cable industry with billions of
dollars of plant in place. There is an initial potential
market of 10-20 million homes for DBS in the next 10
years or so, and 1if DBS systems gain a foothold, the
cable industry will find it hard to compete when the time
comes for upgrading or replacing their existinq plant.
The key to the success of DBS is the need to reduce the
costs of building and launching these larger, more
powerful satellites.

o] Mobile Satellites - With the coming boom 1in cellular

radio, there will be a sizable market. for connecting
those areas outside of SMSA coverage, including rural and
offshore areas. There 1is alreédy an application for a
commercial mobile satellite system on file at the FCC,

- and Canada has plans to build a mobile satellite for its
own national needs. »

o Data Gathering - Essentially the mirror image of DBS
(multipoint-to-point), this is an application that has so
far been used mostly for earth remote sensing and Qeather
monitoring, but _'holds much promise for such
labor-intensive services as meter reading, security
monitoring of businesses and homes, o0il well management,
and myriad other uses. Already the Association of Rural
Utilities 1is considering the use of satellites for the
reading of gas and water meters outside of major cities.
The potential for these types of services is enormous.
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What 1is common to all of the above-listed services 1is the
requirement for sophisticated satellites using large antennas,
high-powered transmitters, and sensitive receivers. What also
is common is the need for these communication services to be
offered at competitive prices. And the most obvious way to help
keep the price of such services down is to take advantage of the
economies of scale inherent in placing various communication
packages on a large space platform.

The. methodology utilized to establish the traffic forecast
included the following steps:

a. Conduct a 1literature search of all existing forecast
data, both international and domestic. .

b. Conduct a series of industry surveys to fill in the gaps
of existing forecasts with special emphasis on both the
user community and those services,hot addreséed by the
forecasts (eg, data gathering, private computer networks,
etc). ' ’

c. Convert the traffic data base into meaningful units, egq,

(1) Data - bits per second (b/s)
(2) Video - channels

. (3) Voice - circuits
(4) Mobile satellite - circuits
(5) Data gathering - b/s |

[N

Quantify traffic data base in terms of types of usage and
distribution of traffic. The temporal and spatial
distribution of the flow of communications is needed for
optimal system design. This distribution would vary with
the service offered and included the following traffic
allotment as appropriate: '

2-9
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(1) By earth station

(2) By SMSA

(3) By other defined region
(4) By CONUS

2.2.1.2 Summary of Traffic Demand vs Supply

This section summarizes the overall demand/supply for
communications traffic in Region 2. The traffic data base is
based upon the following:

NASA Model for CONUS FSS and CPS

SSE estimates for DBS

Mobile estimates based on GE forecast
Maritime estimates based on Inmarsat forecast

o A& QO U o

International. and 1intra Region 2 based -on INTELSAT
Forecast of Aﬁgust 1984 -

Non-U.S. domestic Region 2 from various sources

g Forecast extrapolation based on Ford Aerospace/SSE
estimates

‘The orbit spares philosophy has significant impact on
supplY/demand projections. This study has added the following

factors to demand in order account for sparing requirements:

U.S. Domestic ' None

Non-U.S. Domestic & Regional 50%
International 50%

The following assumptions were used in determining the
sparing factor:

a. U.S. domestic sparing factor is probably in the 20-30%
range, however the U.S. domestic traffic base addresses

satellite addressable traffic only, and it was felt the
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traffic actually carried via satellite would reduce the demand
by approximately the same percentage as -sparing requirements
would add to demand.

b. Non-U.S. domestic and regional traffic requires
conservative sparing philosophy because of critical importance
of national telecommunication network infallibility and 1lack
of alternative spacecraft to which traffic could be rerouted.

c. International traffic also tequires conservative sparing
philosophy because of international agreements and require-
ments of sophisticated switching on board the satellite.

A summary of demand versus supply projectioﬁ for the various
satellite communications services follows:

A. Demand/Supply for Fixed Satellite Services
The summary shown in Table 2.2.1-1 represents the aggregation
of demand from voice, video and data services. Demand summaries

have been converted to equivalent 36 MHz transponders to show
projected demand vs. supply in the same unit. Conversions were
made according to the capacity loading factor in Table 2.2.1-5.

Table 2.2.1-1

Fixed Satellite Services

(In Equivalent 36 MHz Transponders)

1990 2000
U.S. ' Non-U.S U.s. Non-U.S
* x* K
supply 1048 384 1951 574
2 & 1 % * K
Demand 1024 182 - 2150 270
* Assumes constant growth from 1995
* % 1995 Estimate
* % % Including 50% sparing factor
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B. Demand/Supply for Non-Fixed Satellite Services
Table 2.2.1-2 compares the best estimate of supply for U.S.

and Non-U.S. DBS, mobile and maritime services. Transponders
are equivalent, but for each service (i.e. voice, video, data) a
separate conversion factor was used.

Table 2.2.1-2

Non-FPixed Satellite Services

DBS (In Channels)
(In Equivalent 36 MHz Transponder)

1990 2000
U.S. Non-U.S U.S. Non-U.S.
’ *
supply 10 0 42 12
Demand 24 0 50 ' 20

Mobile Services

(In 4 MHz Transponders)

supply 3 T 6 1
Demand 23 0.2 75 2

Maritime Services

(In Equivalent Inmarsat 2nd Generation Transponders)

*

Supply 3 3

Demand ‘ 1 2

*

- 1995 Estimate
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2.2.1.3 Breakdown of Summary Satellite Demand

This section details the component segments of the summary
satellite transponder demand projected in Table 2.2.1-2.

Highlights of the demand forecast include:

1. Little change from NASA - provided U.S. FSS demand model.
-- Outstanding issue -- effect of fiber optics

2. 'Non-U,S. FSS features moderate to high growth, based on
current and projected traffic.

3. DBS (includes high power and medium power services not
addressed by NASA model) shows low to moderate growth.

4. Mobile services have very high demand in U.S.(based on
G.E. forecast) and low demand elsewhere '

5. Maritime services show moderate growth (based on Inmarsat

projections)

A summary of projected traffic demand as a function of

communications mode. follows:

A. Fixed Satellite Demand
Table 2.2.1-3 shows the breakdown of us Domestic fixed
satellite service demand for voice, video, and data segments

(Ref. 8) is the source for this demand.

Table 2.2.1-4 combines all estimates of FSS demand that were
considered for traffic between Canada-U.S.-Latin - America:
Canadaspatin America; Intra Latin America:; Atlantic Ocean Region
(AOR): and Pacific Ocean Region (POR). Figures are taken from a
combination of sources including the August 1984 Intelsat
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Table 2.2.1-3

U.S. Domestic Fixed Satellite Demand

(Voice-Half Circuits, Video-Channels, Data-Peak Hr. Mb/s)

Voice

Video-Broadcast Ch.
-Video Conf.

Data

TOTAL TRANSPONDERS*

1930 2000
1,831,000(654) 6,849,900(1522)
158(79) . | 233(78)
1,971(56) 8,225(176)
L21687( 235) 26.945(3%4)
(1.024) (2.150)

* Equivalent 36 MHz Transponders -

Table 2.2.1-4

Total Non-U.S. Domestic, Regional, And International FSS Dem

and

Voice
Video
Data

TOTAL TRANSPONDERS

(Voice-Half Cirbuits, Video-Channels, Data-Peak Hr. Mb/s)

1990 ' 2000

148,823(53) 332.361(74)
144 (57) 274(91)

461( 9 1,081(15)
(119) (180)

* Equivalent 36 MHz Transponders
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database (Ref. 9), various applications for satellite and fiber
optic services e.g.. (Ref. 20), past traffic trends and other

secondary industry sources.

Raw estimates have been converted into equivalent 36 MHz
transponders according to the capacity loading of Table 2.2.1-5.

Table 2.2.1-5

Capacities Per Equivalent 36 MHz Transponder* Year

ITEM 1985 1990 2000
* K
1/2 Voice Cir 1200 2800 4500
Brpadcast 1 2 3
Video Channels
R * ¥ %
Data Mb/S 36 54 72

* Use of small terminals will limit capacities
** Weighted average voice channels for all applications
*x%x Includes video conferencing

'B. Direct Broadcast Satellite Demand

Table 2.2.1-6 shows the summary of direct broadcast satellite
demand for the combined U.S. Domestic, Canadian, and Latin
America/Caribbean regions ie. WARC Region 2.

Table 2.2.1-6

Direct BroadcastASatellite Demand

U.S. Domestic, Canada, Latin America & Caribbean Regqgion

(in Channels)

1990 2000

LOW .12 32

BEST 24 70
HIGH - 32 96
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C. Mobile Satellite Demand
Table 2.2.1-7 shows the projected mobile satellite demand for

years 1990 and 2000.

These-figures were based upon the General Electric study done
for NASA(Lewis)'(Ref. 15) and the Canadian Phase B market study
done for Telesat. The U.S. portion represents over 90% of
demand. No market demand 1is foreseen for Latin America and
Caribbean by the year 2000. The potential market for radio
determination and positioning services are reflected in these
numbers. : _

Table 2.2.1-7

-

Mobile Satellite Demand
U.S. Domestic, Canada and Latin America

In Useps'and'(4 MHz Transponders)

1990 2000
Voice (2 way)* _
 u.s. 217,000 (9.0) 1,130,000 (47.0)
Non U.S. 2,000 (0.1) 20,000 (1)
* K
Voice (1 way) .
' U.s. ‘ 557,000 (12.0) 1,245,000 (26.0)
Non U.S. 6,000 (0.1) 60,000 (1)
. * KX
Data (Low Speed)
- u.s. 175,300 (2.0) 205,000 (2.0)

TOTAL TRANSPONDERS (23.2) . (77)
* 24,000 Usérs per Trénsponder'

** 48,000 Users per Transponder
*** 96,000 Users per Transponder

2-16



Ford Aerospace &

Communications Corporation

The conversion from number of users to requirements for 4 MHz
transponders were based on the following assumptions taken from
mobile satellite applications:

0 One 4 MHz  transponder éan be divided into 800 5 KHz
channels 4

o Each channel can accommodate 30 two-way voice users, 60
one-way voice users or 120 (low speed) data users.

-

Applicants for proposed mobile services believe there will be
"more demand for 1low speed data than 'is reflected in these

estimates.

2.2.2 U.S. Domestic Traffic Forecast

This section provides detail on the fixed service, direct
broadcast, and mobile service traffic demands for the U.S.

Domestic Traffic.
2.2.2.1 Results of Industry Survey

There are no‘changes in the fixed sgrviées forecast from the
NASA Communications Traffic Synthesis. SSE did not analyze
video or voice traffic estimates. However further analysis was
pfovided for demand for data services 1in the following
cétegories: remote job entry, 1inquiry/response, timesharing,
point of sale., videotext/teletext, telemonitoring, and secure
voice. It was assumed that these 7 categories included all of
the 'new' services for which SSE attempted to quantify demand.

A series of industry_surveys were conducted, with emphasis on
those companies 1likely to be telecommunications wusers in the
above categories. (See Appendix D for a-list of industry survey
respondents and analysis of those responses.) Major trends
revealed were: integqgration of services: high demand for remote
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- job entry (RJE) and telemonitoring mostly satisfied by mobile
satellites: timesharing growth captured largely by fiber
optics; and more long haul traffic in inquiry/response, and in
point of sale transactions. It is not expected that these
developments will signifiéantly alter the NASA traffic data base.

2.2.2.2 Fixed Satellite Demand (U.S. Domestic)

Table 2.2.2-1 summarizes the voice, video, and data segments

of the U.S. domestic fixed satellite demand.
Table 2.2.2-1

Fixed Satellite .U.S. Domestic Demand
(Voice-Half Circuits, Video-Channels, Data-Peak Hr. Mb/s)

Year ' Year

1990 2000

Voice 1,831,000 6,849,000
Video _ _ :

Broadcast Channels 158 233

Video Conferencing 1,971 8,225

Data A 12,687 ' 26,945

2.2.2.3 Direct Broadcast Satellite Service (U.S. Domestic)

Direct broadcast services considered were from either medium
or high powered satellites. (Channel estimates reflect =2zonal
coverage; i.e., ﬁalf—CONUS channels). 65% of U.S. T.V.
households (approximately 87 million) are bresently’cable (half
of these homes are actual subscribers); it is probable that 25%
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will remain uncabled due to'high installation costs per mile. A
limited market for DBS exists in cabled areas since about 50% of

current systems are only 12 channel systems.

The only real competition to DBS 1in non-urbaﬁ areas is from
the 'backyard TVRO market, receiving C-band video. However,
begaﬁse of scrambling, 2o spacing and legal uncertainties, the
fully saturated market for C-Band TVRO's 1is estimated at 2
‘million. Of first round DBS licensees, only Comsat's Satellite
Television Corporation (STC) actively started building it's high
powered DBS system, although it is unclear exactly what type of
services it will provide. Dominion Video, USSB, and DBSC are
still in the process of securing financing. Four second-round
applican;s have also received authorization to construct direct

broadcast satellites.

While system costs are high, and DBS may eventually be
offered on medium powered satellites rather than high powered
ones, the market for DBS seems to exist for 2 systems by the end
of the decade and about 4-% systems by the. year 2000.

A summary of the direct .broadcast traffic demand is shows in
Table 2.2.2-2.

Table 2.2.2-2

Direct Broadcast Satellite Demand (U.S. Domestic)
(In Channels)

1990 2000
LOW 12 , 32
BEST . 24 50

HIGH 32 64



Ford Aerospace &

Communications Corporation
2.2.2.4 Mobile Satellite Service (U.S. Domestic)

The Mobile Satellite Service (MSS) encompasses three main
service categories: a) mobile radio telephone b) other voice
services (include commercial and public radio, and voice service
to 0il and gas companies and the trucking industry), and c) low
speed data services (alpha - numeric messaging, dispatch,
position surveillance, etc.) The two main quoted market studies
for mobile services are the traffic model prepared by GE in June
1983 for NASA Lewis and subsequently referenced in the Mobilsat
application (Ref. 15) and the market study prepared for NASA in
November 1982 .by ECOSYSTEMS International and subsequently
referenced by Skylink, and used as the traffic base model for
the TRW contract under NASA Lewis (Ref. '25). The GE traffic
base was wused by SSE as the best tréffic base for mobile
services. The ECOSYSTEMS forecast fell 1in between the
‘conservative' and ‘likely' scenarios of GE. (i.e., ,179,060
potential mobile users in 1990). The main uncertainty in GE
traffic base is the 'assumption that there will be no land-based
mobile radio outside of SMSA's.

In addition to the forecast of traffic for the MSS, there is
an application pending at the FCC by Geostar for a satellite
system offering service in the = radio-determination area.
Geostar, 1in recent conversations, hds alluded to an overall

- market of approximately 9 million wusers by 1995. Each user
would have a pocket calculator-sized terminal capable of
receiving and sending brief alpha—nuﬁeric messages, and would be
able to be constantly ©positioned by the Geostar computer
facility to a distance of a few meters. This number appears
extremely optimistic, and the inability of the Geostar system to
offer voice services 1is, in our view, an inhibiting factor to
its potential for operation. '
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SSE concluded that the demand for messaéing and positioning
services is more accurately reflected by the Mobilsat estimates,
and that such services are more 1likely to be carried on a
satellite such as Mobilsat or Skylink.

Table 2.2.2-3 summarizes the expected mobile satellite demand
for voice and data for the time period of 1990 and 2000.

Table 2.2.2-3

Mobile Satellite Demand (U.S. Domestic)
(In Number of Users)

1990 2000
DATA - ' 175,000 205,000
VOICE (1 way) 557,000 1,130,000

(2-way) 217,000 - 1,245,000

2.2.3 Non U.S.Domestic Traffic Forecast

This section details the traffic forecast for Canada and the
Latin America/Caribbean areas for FSS, direct broadcast and
mobile services communications segments.

2.2.3.1 Fixed satellite Service

Canada Voice Traffic: ~

The traffic demand projections listed in Table 2.2.3-1 were
based on actual traffic carried on Anik C Ku-Band (5 city node)
for switched services plus Anik D C-band for Northern services.
This includes data traffic, expressed in equivalent voice grade
channels.x Very 1little private network service 1is currently
carried via satellite. Telecom Canada has adjusted overall
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switched voice traffic growth forecasts downward and only small
growth is seen in switched services via satellite.

Future growth is projected in various private line services,
including: high speed data (by Globe & Mail newspaper; Mobile
0il), ISDN, off-shore communications, and other private network
users. Increased competition between Telecom Canada and CNCP
telecommunications 1is 1likely to spur grdwth. Thus, overall

" voice traffic carried via satellite will double between 1985 -
1990 (approximately 14% per vyear), and then triple between
. 1990-2000 (approximately. 12% per year).

Table 2.2.3-1

Canada Voice Traffic (Non-U.S. Domestic)
(Half-Circuits)

1985 1990 2000 -

10,000 20,000 60,000

Latin America & Caribbean Voice Traffic:

The projected demand shown 1in Table 2.2.3-2 1is based on
analysis done by> Working Group A-1 of FCC Space WARC 1985,
Advisory Committee (Ref. ). Projections were made on expected
requirements of the nine countries that are 1likely satellite
users for domestic traffic The working group considered
demographic and economic variables; regression analyses were
also performed to forecast long distance telephone calls, and
ultimately the number of circuits required. It was assumed that
countries in these areas would place a 1larger proportion of
circuit growth on satellites, due to lack of extensive
terrestrial infrastructure. Voice projections also include some
data traffic. |
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Table 2.2.3-2

Latin America/Caribbean Voice Traffic (Non-U.S. Domestic)
‘ (Half-Circuits)

1985  19%0 = 1995 = 2000
Argentina - 167 - 725 1315 1830
Bolivia 60 138 220 314
Brazil 13,974 20,904 29,684 40,574
Chile 446 1,001 1,689 2,574
Colombia - 341 1,712 3,254 4,840
Ecuaddr . 60 138 220 314

Mexico 2,423 7.916 14,037 20,797
Peru 35 80 128 179
Venezuela 45 240 491 803
TOTAL 17,550 32,881 .51.038 72,193

Canada Video Traffic:

. The Canadian Video Demand shownAin Table 2.2,3—3‘15 based on
actual traffic on Anik during period of 1975-1983. A stable
rate of growth for video service_ is expected due to slower
growth for pay T.V. A strong demand for provincial educational
television is not expected to materialize. Approximately half

- of the video services serve the Arctic region and half are for
program distribution by T.V. networks. Little, if any.
videoconferencing is 'curréntly carried on Anik. Nonetheless,
interest in video 1is high, and the 4projected demand reflects
moderate needs by the private sector over the next 15 years.
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Table 2.2.3-3

Canada Video Traffic (Non-U.S. Domestic)

(Channels)
1985 1990 1995 2000
Broadcast T.V. 33 40 50 60
.
- Videoconferencing _0 5 10 30
TOTAL 33 : 45 60 90

* ’ -
Expressed in Broadcast Quality Video Channels;

1 Broadcast Channel=20 Videoconferencing Channels.

Latin America/Caribbean Video Traffic:
Intelsat traffic and video projections to 1985 were used on

-the base for the video traffic projected 1in Table 2.2.3-4.
Steady growth in Latin America is expected for video

distribution chénnels. - Requirements in Mexico, Brazil,v
Venezuela and Colombia account for most of the demand in 1984

and will continue to dominate demand. This estimate tracks
towards the 1low end of the PANAMSAT forecast (which doesn't
include video forecasts for Mexico and Brazil). Video traffic

is expected to be carried on the Brazil and Mexican domestic
satellite systems ( and any other future or regional satellite
systems) and is included in the above estimate.

It is not expected that there will be a large demand for
domestic videoconferencing in this reqgion. A minor demand for
videoconferencing is included in the above forecast.
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Table 2.2.3-4

Latin America/Caribbean Video Traffic
(Non U.S. Domestic)

(Channels)
) 1985 1990 199% 2000
Broadcast TV 15 24 33 40
®*
'Videoconferencing _0 1 3 5
TOTAL 15 25 36 45

* Expressed in Broadcast Quality Video Channels:
1 Broadcast Channel= 20 Videoconferencing Channels.’

2.2.3.2 Direct Broadcast Service

Canada Direct Broadcgsﬁ Traffic:

The primary market for DBS in Canada is in rural areas and in
the North; however, these areas are already accommodated by
Ku-band video on Anik C. 1In addition, all major and secondary
cities in Canada are cabled. and initial -pay-T.V. efforts of

last year were not very successful (4 of 7 services failed). 1In
view of these developments, the prospects for DBS in Canada are
not very bright with nominal traffic forecast as shown in Table

2.2.3-5.

The Canadian government has taken- a go-slow approach on DBS
and the market for DBS in Canada does not appear to be firm. A
more optimistic forecast would show up to 10 DBS channels by the

year 2000.

Table 2.2.3-5

Canada Direct Broadcast Traffic (Non-U.S.Domestic)
(Channels)
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Latin America/Caribbean Direct Broadcast Traffic:
‘No traffic forecast for these areas currently exists. The

only data sources are 1inputs from various countries at_ RARC
'83. DBS is a natural application for many countries 'in this
region, given the 1lack of competitive nationwide terrestrial
distribution - systems. ‘ However, the number of T.V. sets is
extremely low, and the costs of a DBS system will be extremely
high.

The most likely video distribution system will be direct to
community antenna, via low-to-medium powered satellites.
Countries that are candidates to build such systems. are Brazil,
Argentina, Colombia,Venezuela, Chile, and several countries 1in
the West Indies. Wé believe that fixed satellites will carry
most - of the DBS-type traffic, and have already 1included that
‘traffic in the FSS estimates. A nominal number of DBS channels
that could be offered by a higher powered satellite system,
probably in Brazil or Mexico are projected in Table 2.2.3-6. A
more optimistic outlook show up to 16 DBS channels by the year
2000.

Table 2.2.3-6

Latin America/Caribbean Direct Broadcast Traffic
(Non U.S. Domestic)
(In Channels)

2.2.3.3 Mobile Satellite Service

The projected demand for mobile satellite service to Canada

‘and Latin America/Caribbean is given in Table 2.2.3-7.
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The projections are based on results from both Phase A and
Phase B market surveys for Telesat Canada. Major portions of

usage are slated for Northern Canada which 1is outside of the
Trans-Canada telephone system. The latest design of the
Canadian MSAT 1is for a one satellite, 2-beam system, with
capacity of approximately 10,000 users. At this point, no
L-band paging, positioning or alpha-numeric messaging is slated
to be carried on the satellite. Canada would still like to have
a joint satellite with the U.S., but is getting impatient with
lack of FCC approval for such a project. If necessafy, Telesat

, believes there 1is -enough businéss for a dedicated Canadian
satellite.

Table 2.2.3-7

Canada, Latin America/Caribbean Direct Broadcast Traffic

(Number of Users)

1990 2000
2,000 (2-way) 20,000
6.000 (Push to talk) 60,000

2.2.4 Regional Services Traffic Forecast

This section details the traffic forecast for the regional
services in the following 3 categories:

a. United sStates to/from Canada
b. United States to/from Latin America/Caribbean
c. Intra Latin America/Caribbean
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2.2.4.1 Regional Service - U.S. to/from Canada

Terrestrial links currently carry 95% of the traffic between

the U.S. and Canada. - This is not expected to change
significantly over the next 20 years. At present, there is very
little U.S. - Canada commercial voice, video or data traffic via

satellite, but Telesat has been negotiating reciprocal
agreements with U.S. carriers, including American Satellite, SBS

and Equatorial.

Many 1industry sources believe fiber optic . transmission
systems will be extensively utilized for this traffic. Any
satellite traffic would largely Dbe customer-premise-to--
customer-premise for' private networks. Based on the interest
shown by the carriers, we see this as a slowly emerging market,
and the traffic projections shown in Table 2.2.4-1 reflect this

view.

‘Table 2.2.4-1

U.S./Canada Fixed Services Traffic
(Regional) '
(Voice - Half Circuits, Video-Channels, Data-Peak Hr. Mb/s)

- 1990 2000
VOICE 2,000 10,000
.VIDEO 5 10
DATA 10 25
2.2.4.2 Regional Service - U.S. to/from Latin America And

Caribbean

The voice traffic projections shown in Table 2.2.4-2 are from
the 1984 Intelsat traffic data base, and are also 'consistent
with PANAMSAT projectioﬁs. While traffic is exclusively that
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between earth stations in the Intelsat system, we believe these
numbers are sufficiently ‘'soft' to include expected growth 1in
private line traffic. The projected voice traffic also includes

some data.
Table 2.2.4-2

U.S./Latin America And Caribbean Voice Traffic
(Half-Circuit)

1990 1995 . 2000
13,280 19,424 28,702
The video traffic projections shown in Table 2.2.4.3 are
based on a Satellite Communications Procurement Index developed
by PANAMSAT, and on current traffic. Almost all video traffic
will be TV distribution from major «cities to ©provincial
centers. Little demand is projected for videoconferencing.

Table 2.2.4-3

U.S./Latin America And Caribbean Video Traffic

(Channels)
1990 1995 2000
Broadcast T.V. 6 11 20
. . *
Videoconferencing _0 _1 _2

TOTAL : , 6 12 22

*
Expressed in Broadcast Quality Video Channels:

1 Broadcast channels = 20 Videoconferencing Channels.
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2.2.4.3 Regional Service - Intra Latin America & Caribbean

The voice traffic projections of Table 2.2.4-4 are from the
1984 Intelsat traffic data base, and are also consistent with
PANAMSAT projections. While traffic is exclusively that between
earth stations in the Intelsat system, it is believed that these
numbers are sufficiently 'soft' to include expected growth in
private ‘line traffic. The voice traffic also includes some data.

Table 2.2.4-4

Intra-Latin America & Caribbean Voice Traffic
(Half-Circcuit)

3,048 4,575 6,650

The video traffic projections of Table 2.2.4-5 are based on a
Satellite Communications Procurement Index ‘developed by
PANAMSAT, and on current traffic. Almost all video traffic will
be TV distribution from ‘major cities to provincial centers.
Little demand is seen for videoconferencing. .

"~ Table 2.2.4-5

. Intra-Latin America & Caribbean Video Traffic

{Channels)
1990 1995 2000
Broadcast T.V. 6 11 20
Videoconferencing* _0 _1 _2
TOTAL 6 12 22

*Expressed in Broadcast Quality Video Channels;
1 Broadcast channels = 20 Videoconferencing Channels.
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2.2.5 International Traffic Forecast

This section details the voice, video and data traffic
forecast for communications between Region 2 and other regions.
The information 1is divided 1into two segments, namely the
Atlantic Ocean Region(AOR) and thé Pacific Ocean Region (POR).

2.2.5.1 Atlantic Ocean Region (AOR)

The Atlantic Ocean Region voice traffic projection of Table
'2.2.5-1 is based on the 1984 Intelsat traffic data base. This
covers all trans-Atlantic traffic between North and south
America to Europe and Africa. There are two countervailing
factors which tend offset each other, leaving the Intelsat’
projection as. the ‘'best guess': 1) the positive effect of
competitoré to Intelsat in the satellite industry and:; 2) the
negative effect of fiber optic cables (TAT-8 and TAT-9).

Table 2.2.5-1

Atlantic Ocean Region Voice Traffic (International)
(Half Circuits)

1990 1995 2000
53,942 77.995 117,630

‘“The Atlantic Ocean Region video traffic projection of Table
2.2.5-2 is based on the current Intelsat leases for
"international video, PANAMSAT traffic projections and the Walter
Hinchman Study prepared for Intelsat. The 1983 base figure is
5;5_ Intelsat transponders leased for video. High growth is
projected to include both program transfer and videoconferencing
(expressed in equivalent broadcast-quality T.V. channels).
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Table 2.2.5.2

Atlantic Ocean Reqgion Video Traffic

{Channels)
1990 1995 2000
~ Broadcast T.V. : 10 20 30
Videoconferencing* A 5 | 10 30

TOTAL 15 30 60

*Expressed in Broadcast Quality Video Channels;
1 Broadcast channels = 20 Videoconferencing Channels.

The three elements of data traffic considered are: current
traffic carried by ORC's(i.e. telex, telegraph & low speed
data); current data traffic carried over voice-grade circuits;
and IBS type traffic. The forecast of Atlantic Ocean Region
voice traffic shown in Table 2.2.5-3 is based on estimates of
International Business Services (IBS) from 1Intelsat plus
projections of growth for gateway Intelsat data traffic. It is
assumed that 1 voice grade channel = 3 telex bearers; 1 telex
bearer = 24 telex channels; and 1 voice gréde channel = 64 kb/s.

Table 2.2.5-3

Atlantic Ocean Region Data Traffic

(In Mb/s)
1990 1995 2000
190 410 880
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2.2.5.2 Pacific Ocean Region (POR)

The Pacific Ocean Region voice traffic projection shown in
Table 2.?.5-4 is based on the 1984 Intelsat traffic data base
(Ref. 9). This forecast covers all trans-Pacific traffic
between Canada, the U.S., and Mexico to Eastern Asié and Oceana.

Table 2.2.5-4

Pacific Ocean Reqion Voice Traffic
(Half Circuits)

13,672 22,132 37,186

The Pacific Ocean Region video traffic projection shown in
Table 2.2.5-5 is based on Intelsat's current video channel
leases (5.5). The traffic 1is 1largely composed of U.S. - -
Australia and U.S.- Japan TV distribution and videoconferencing. -

-TheA videoconferencing component of demand 1is .expressed in
equivalent broadcast quality TV channels.

Table 2.2.5-5

Pacific Ocean Reqion Video Traffic

(Channels)
1985 1990 2000
Broadcast T.V. 6 10 15
Videoconferencing* _0 _2 10
TOTAL 6 12 25

* Expressed in Broadcast Quality Video Channels;
1 Broadcast Channel = 20 Videoconferencing Channels.
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The Pacific Ocean Region data traffic projection shown in
Table 2.2.5-6 is based on the estimate of demand cited by
International Record Carrier's in support of Pacific Ocean fiber
optic cable request to the F.C.C. There is currently no IBS
forecast for the Pacific Ocean Region. The P.O.R. voice traffic
is estimated to be approximately 10% of Atlantic Ocean Region
(A.0.R) voice traffic for 1990 and 20% by 2000.

Table 2.2.5-6

‘Pacific Ocean Region Data Traffic
(In Mb/s)
1990 2000

4] 176

2.2.6 Maritime Services Traffic Forecast

The maritime traffic forecast of voice and data for Canada
and Latin America/Caribbean as shown in Table 2.2.6-1 is based
on the current Inmarsat traffic matrix, and forecasts for the
second generation Inmarsat system. The "Nominal" Inmarsat
traffic estimate is used as the traffic base. Traffic is split
in following ways: 90% voice, 10% data; 80% A.O.R.. 20% P.O.R.
Development of significantly cheaper earth stations and more
varied service _offerinds, may spur maritime drowth beyond
estimates shown. |

Table 2.2.6-1

. Maritime Traffic From Canada And Latin America/Caribbean
" A.O.R. & P.O.R.
(In voice-grade circuits)
1985 ~ 1990 1995 2000
72 147 245 307
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2.2.7 Future Growth for Traffic Forecast to Year 2008

The growth 1in traffic for fixed satellite services is
expected to follow the grbwth rates projected in Table 2.2.7-1.
The dgrowth rate for the decade of year 1990 to year 2000 1is
compared to that of the succeeding decade for each segment of
FSS demand (voice, video and data) aé well as for different
geograghic areas.

Table 2.2.7-1

Pro jected FSS Growth From Year 2000 To 2008

1990-2000 2600-2008

REGION GROWTH RATE PER YEAR(%) GROWTH RATE PER YEAR (%)

Domestic Voice Video Data Voice Video  Data

a)u.s. 14 15 8 ©10.5 11 6

b)Canada 7.5 .'7 - 6 6 -2

c)Latin America,

Caribbean. & )

South America - 8 6 - 8 6 -

REGIONAL

a)Canada-U.S. 7 - . 10 6 - 7.5
‘b)U.S.-Latin

America 12 L4 - 12 14 : -

c)Intra Latin

America 12 14 - 12 14 -

INTERNATIONAL

a)A.O.R. 8 15 8 8 11 6

b)P.O.R. 10.5 8 16 10.5 8 6
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The total projected traffic demand for year 2008 for each of
the types of services is shown in Table 2.2.7-2. The derivation
of the video conferencing demand for trunking applications in
detailed in Table 2.2.7-3.

Table 2.2.7-2

Projected Traffic for year 2008 by Type of Service

Type : | Year 2008 Totals
— Voice -Trunking
—  Digital (60%) 9090  10° HVC
—  Analog (40%) 6060 10> HVC
— VoiceCPS | | 78 10° HVC
- — Data Trunking 5336 Mb/s
— Data CPS 39907 Mb/s
— Video Conf. Trunking 37800 Mb/s or
- (1576 10’ HVC)
—  Video Conf. CPS | 2131 Mb/s '
—  Broadcast Video ' " 537  Channels

2.3 TRAFFIC DISTRIBUTION MODELS

2.3.1 Approach

During the data base development, ‘distribution models for the
CONUS traffic and the Intelsat traffic were acquired from NASA
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Table 2.2.7-3

Derivation of Video Conferencing Demand (Trunking)

FULL LIMITED sLowW
1-WAY 30 184 -
2-WAY 78 5776 1748

TOTAL {0+ S960 + 1748 = 7814 CHANNELS

" o THROUGHOUT: 3 (FULL). 36 (LIMITED). 900 (SLOW)
(36 MHz) | |

o AVERAGE REQUIREMENT PER CHANNEL '

8t MB/S , (106 5360 17481 _ , . .o e
7814 3 36 300 |

o TOTAL 2008 REQUIREMENT
7814 X 2.1 X 1.118 = 37800 MB/S

~and Intelsat respectively. It was also necessary to generate

models for Canada. Mexico and Brazil since the. projected 2008
demand exceeded the 4x reuse from C and Ku-band application.
Use of populatién distribution data and domestic phone systenm
‘distribution data were used to make a first cut apbroximations
at the distribution matrix.

Section 2.2 discussed total traffic forecasts in several
categories. However, in designing a payload - especially the
beam coverages - the distribution of the traffic must also be
considered. First, there is the well-known skewness of U.S.
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traffic to the East; high frequency reuse in this area is a
major objective of any payload design. The point-to-point
nature of the distribution is 1important in those channels
operating with analog modulation, and can also be used to

optimize designs using SS/TDMA.

Distribution models were not developed for all traffic
considered. As an example, broadcast video does not require a
distribution. Domestic coverage for several South American
countries - e.g., Columbia - could be provided by a single beam;
hence distribution characteristics were not relevant.

~ The following subsections describe the distribution models

used in this study.

2.3.2 NASA FSS Model

A tapé containing data on a 316x316 matrix, representing the
distribution traffic between 316 selected SMSAs, was provided by
NASA at the beginning of the study The distribution was used
for all U.S. domestic point-to-point requirements. Section
4.2.3.1.1 describes how the tape was processed in various ways
for use in - satellite 1loading programs. In particular, all
traffic requirementsAbetween SMSAs whose distance was less than
400 miles were deleted from the original tape to obtain
satellite addressable traffic. '

2.3.3 Intelsat FSS Model

The Intelsat distribution model reflected actual satellite
addressed traffic from gateway station to gateway station. This
matrix then was used to geherate intra Region 2 traffic.as well
as Region 2 to AOR and Region 2 to POR traffic matrices for
application to the payload concepts discussed in Section 4.
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2.3.4 Other Distribution Models

In three cases distribution models were developed as part of
this study because the total year 2008 requirements of Seétion
2.2.7 indicated frequency reuse would be necessary to mcet the
demand in Canada, Mexico, and Brazil.

The basic approach used was to break each country into
regions, such as provinces, and to use population estimates to
obtain a distribution as follows:

Let Pi be - the population the ith region, and aij be the
proportion of the total traffic between region i and j. Then:

PP,
a . e ——
Y ED%ﬂﬁfﬁ

Ic'

There were two modifications to this basic approach. Fifst.
for Canada only., a “proportionality matrix" was dévelobeé which
adjusted the aij to reflect a "400 miie rule" (see Section
2.3.2). For example, New Brunswick is 1less than 400 miles in
total extent, so all traffic from that province to itself was

deleted. The modified formula is:

a'..=_—'—'—

.J :%%Fufﬁfﬂ

where t:.lj is the proportionality factor. The second
ad justment was to inflate traffic to/from national capitals, or

the regions in which they lie, by a factor of 10.
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Tables 2.3-1 thru 2.3-4 indicate the various values used to
derive the distribution matrices. The matrices (in terms of
total demand) are contained in Appendix C. For Mexico, the
fraction of population was estimated to be that shown in Table
2.3-1.

Table 2.3-3

Canada-Proportionality Matrix

Alberta .2 .91 1 1 1 1 1 ; 1 1 1 .81
British Col. .9.31 1 1 1 1 1 1 1 1 1 1 1
Manitoba 1 1 .21 1 1 1 1 1 1 1 1 .41
New Brun. 1 1 1 0 1 12 0 1 1 O .51 i 1
Newf. 1 1 1 1 .21 1 1 1 1 1 1 1 1
NW Terr. . 1 1111111111111
Nova Scotia 11 1 o 1 1 0 1 1 0 1 1 1 1
ont 1 1 11 1 1 1 10 .91 0 1 1 1
ont 2 1 1 1 1 1 1 1 .9.91 1 1 1 1
P.E. Is. ‘ 1 1 'i 0O 1 1 0 1 1 0 1 1 1 1
Que 1 1 11 .51 1 1 0 1 10 .71 1
Que 2 11 1 1 1 1 1 1 1 1 .7 .91 1
Saskwan. - .81-.41 1 1 1 1 1 1 1 1 .21
Yukon 1 111 1111111111
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Table 2.3-1

Proportion Of Population By Reqion - Mexico

Area 2 of Population
North Region 20%
Central Region 50%
South Region 30%

Table 2.3-2

Canada - Adjusted Population

Province/Area Population(K)
Alberta 1627
British Columbia 2184
Manitoba 988
New Brunswick , 635
Newfoundland . 522
NW Territories 35
Nova Scotia 789
ontario 1 8880 (1)
Oontario 2 1540 (2)
Prince Edward IS ' 112
Quepéc 1 . 4822 (3)
Quebec 2 | 1206 (4)
Saskatchewen . 926
Yukon 18
*

(1) 7703 x .8 + 302 x 9

(2) 7703 x .2

(3) 6028 x .8

(4) 6028 x .2

* 302 K = population of Ottawa:; the factor of 9 provides the

inflation mentioned in section 2.3.4 for capitals
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Table 2.3-4

Brazil-Adjusted Population

State Population (x 1000)
Acre 160
Alagoés : 1271
Amapa 69
Amazonas 721
Bahia 5991
Ceara' 3338
Distrito Federal ‘ 1410*
Espirito Sauto 1189
Guias 3307
Guanabara ' 1955
Maranhao - 2492
Mato Grosso A 910
Minas Gerais - 9799
Pura 1551
Paraiba » 2018
Purana ' 4278
Pernambuco 4137.
Piaui | 1263
Rio de Janeiro o L 3403
Rio Graude de Worte . 1157
Rio Graude de Sul } 5449
Rondonia ' 71
Roraima ' 29
Santa Catarina , 2147
Sao Paulo 12975
Sergipe 760
*]141K = population of Federal District; population

in the Table 1is inflated as mentioned in section

2.3.4.
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2.4 SPACE AND TERRESTRIAL SUPPLY PORECAST
2.4.1 Overview

A main subtask of Task 1 was to estimate the extent of both
space and terrestrial plant in place for the time period of
interest. This effort was 1largely conducted by Satellite
Systems Engineering, Inc. (SSE).

The main objectives of this subtask were threefold:

1. To assess the demand for positions on the orbital arc
in the late 1990's. This serves as the basis for evaluating the
motivation behind a better utilization of the arc (through the
introduction of multiple frequency reuses and scanning‘spot beam
coverage). '

2. To offer a snapshot of what kinds of commercial
satellite services are likely to be offered in the late 1990's
without the existence of a larger space platform, thus giving
some indication of the satellite operator's perception of
demand: and | '

3.. To give a preliminary estimate of the extent of
displacement if a 1large space station became operable during
this timeframe.

The space segment estimates include number of satellites,
frequency bands utilized by each, capacities. and orbital
location.

An example model of satellite supply based on current and

planned U.S. domestic satellite systems is shown in Tables 2.4-1

and 2.4-2. The tables 1list the name of the system, the
~frequency bands used, the number of satellites in orbit and the
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ORIGINAL PAGE i
OF POOR QUALMTY
Table 2.4-1

U.S. Domestic FSS Systems Satellite Supply

Sateilita Frequency Number of Sata1iitas in Orait Per Yzar
Systams 3and 1985 1290 1895 2200

Advahced Sus.

Communication Xu ) 2 2 2
Alascom c 1 2 2 2
American C,Ku 1 3 3 0
Satellite C,Ku,Ka 0 1 1 3
Cablesat
General ‘ c -1 2 2 2
Comstar c 2 0 0 0
. Ku 0 3 3 3
Digital” C 0 1 1 1
Telesat Ku 0 1 2 2
Equatorial c 0 2 2 2
Fed. Express Ku 0 2 2 2
Fordsat C,Ku 0 3 3 3
Galaxy ¢ 3 - 4 4 4
Ku - 0 3 3 3
G-Star Ku 2 3 3 3
Martin Marietta Ku 0 2 2 2
National ¢ 0 2 2 2
Exchange Ku 0 4 4 4
Rainbow Ku 0 4 4 4
RCA Satcom ¢ -4 7 7 7
: Ku 2 3 _ 3 3
$BS Ku 4 1 1 1
Ku 0 5 5 3
Spacenet C,Xu 2 3 3 3
Telstar ¢ 3 4 4 4
USSST  Ku 2 4 4 4
Westar ¢ i 0 0 0
c 4 7 7 7
Ku R R |
TOTALS 32. 31 32 81
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Table 2.4-2

U.S. Domestic FSS Systems Transponder Supply

Number of  Number of Available Transponders

Sateilite Fraquency 36 MHz 3y Year
Systems Band Transponders 1985 1990 1995 2000
Advanced
Bus. Communic. Ku 24 0 48 48 48
Alascom c 24 24 48 48 48
American . C,Ku 36 3 108 108 108
Satellita C,Ku,Ka 48 0 48 48 144
Cablesat General C 24 26 48 . 48 48
Comstar c 24 48 0 0- 0
: Ku 24 0 72 72 72
Digital Telesat € 24 0 24 24 24
Ku 24 0 24 48 48
Equatorial -~ C 24 0 48 . 48 48 -
Fed. Express Ku 48 0 96 96 96
Fordsat C,Ku 48 0 144 184 124
Galaxy ¢ 24 72 96 96 96
Ku 24 0 272 72
G-Star  Ku 24 48 72 2 72
Martin Marietta Ku 24 0 48 48 48
Natl, Exchange € ' 24 0 48 . 48 48
Ku 24 0 9% 96 96
Rainbow Ku 24 0 9% % 9
RCA Satcom o ) 24 96 168 168 168
‘ Ku 24 48 72 72 72
s3s . Ku 12 48 2 1 12
Ku 24 0 120 120 120
Spacenet C,Ku 36 R 108 108 108
Telstar c ‘ 24 .72 96 96 96
UsSsST - Ku . 24 43 96 96 96
wastar C 12 12 0 0 0
c 24 96 - 13 168 163
Ku 23 0 72 72 72
4 2133 2372 2268
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number of available transponders for 5-year intervals up to the
year 2000. The determination of equivalent transbonders is
based on a frequency allotment of 500 MHz bandwidth to an
orbital location in C-band or Ku-band. Dual frequency reuse for
CONUS coverage results in a maximum of 24 egquivalent
transponders for a C-band or Ku-band satellite and 48 equivalent
transponders for a hybrid satellite. Spot beam coverage is not
considered. These tables assume one-for-one replacement after
the end of the expected design life, with no new systems being
added.

The question of orbital locations is largely dependent on the
results of Space WARC '85 and how soon the FCC will phasé‘in
2o spacing. Working Group A-2 of the FCC Advisory Committee
preparing for the Space WARC has projected that the saturation
point of the U.S. portion of the C-band and Ku-band arc is
between 48 and 65 satellites, depending on how quickly improved
antennas are introduced on the ground. This estimate assumes
that three satellite slots would be kept vacant as "guard band"

~slots to allow for possible adjustments in some -orbit locations
due to inhomogeneities between certain satellite . systems or
types of satellite services. There 1is obviously a major
discrepancy between the number of satellites being proposed and
the capacity of the orbital arc.

It is difficult to predict the types of traffic carried on
the satellites during this time period, since satellite systems
are usually designed before any customer has been signed.

The terrestrial segment estimates include numbers of earth
stations serving the space segment, range of sizes and types of
earth stations, and frequency bands utilized.

Information .waé obtained from FCC applications and
statistics, direct contacts with the major terrestrial
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transmission system owners, and a literature search. There is a
large body of material in the CCIR and CCITT area on this topic,
with special reference to the introduction of the Integrated
Services Digital Network (ISDN).

The guantity, range of sizes and types, and frequency bands
utilized by the earth stations during this period are all
directly related to the estimate of space segments in place.
SSE keeps an updated data base of all FCC 1licensed earth
stations by size and 1location, as well as an educated
"guesstimate" of the approximate size and 1locations of all
unlicensed earth stations (ie, the nearly 200,000 “backyard
TVROs"). This data base was expanded to include the inputs from
FCC applications for future satellite systems, interviews with
industry analysts, and an extensive literature search.

2.4.2 Estimate of Satellite Transponder Supply

The supply estimates in this section were prepared by
Satellite Systems Engineering, Inc. (SSE).

The following types of satellites were considered: U.s.
-Fixed Satellite Service (FSS), Direct Broadcast Satellites (bBS)
and Mobile Satellite, Non-U.S. Region 2 PSS, Atlantic Ocean
Region (A.O0.R.) and Pacific Ocean Region (P.O.R.) FSS.

The SSE transponder supply model is based on the actual and
planned supply of satellites. For example, in the United
States, there are currently 23 fixed communications satellites
in orbit. Many more are planned, and filings to the FCC
indicate planned launch dates.

The SSE model ©provides the number of satellites and
transponders in orbit now, and low, high and best estimates for
corresponding numbers of satellites in orbit in 1990 and 1995.
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For fixed service satellites, a 36-MHz transponder is used as a
reference transponder. For DBS and mobile service satellites,
the number of active channels planned is used.

The low estimates are based on satellites actually operational
in space, satellites under construction, or authorized
satellites. The high estimates are based on all known planned
satellites. In general., the amount of planned systems will
reflect a perceived demand that may not be realized in the short
term. It appears from available FCC data on transponder loading
that the market for communications satellites in the U.S. is
over-saturated, in the sense that more transponders are
available in orbit than are being used (even taking into account

sparing philosophies).

The best guesé estimates have been guided Dby these
considerations. An attempt has been made to take into account
Vthe shift to higher frequencies with frequency reuse and the
resulting changes effected in. numbers of transponders by
successive generations.of satellites. An optimistic long-term
demand is projected for U.S. DBS and mobile satellites, although
financial' and regqulatory difficulties may be severe. The
forecast 1is optimistic about the development of satellite
communications over the Atlantic Ocean; however, it 1is more
reserved about the Pacific and Latin American markets.

A summary of the U.S. domestic satellite supply is given in
Table 2.4-3 and a summary of the non-U.S. domestic supply is
given in Table 2.4-4.

The supply projections are taken from known planned satellite
systems worldwide. Since it is highly unlikely that all planned
systems will be built, a probability factor was applied to each
system reflecting various considerétions, including éinancial.

market base, regulatory, and/or institutional factors.
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Table 2.4-3

Forecast Of U.S. Domestic Satellite Transponder Supply

1990 1995 2000
FSS* LOW 636 804 faRadal
BEST 1048 1430 1951 *xnkx
HIGH 2364 2280 XK K
DBS** LOW ] 0 -0
BEST- 10 42 42
HIGH 222 222 222
MOBILE/ *** LOW _ 0 0 0
RADIO- , BEST 3 6
NAVIGATION HIGH 19 19 - 21
* In equivalent 36 MHz transponders
*x In broadcast quality channels
* kK In 4 MHz transponders :
ek ok K Not estimated
jafakafiodel Assumes constant growth from 1995

The key findings reached from the supply analysis are as

follows: o '

o  U.S. Domestic FSS Supply roughly tracks demand.

o Non-U.S. Supply is considerably more than demand.

o DBS Supply roughly tracks demand.

o MobileASupply insufficient to handle demand in U.S. (as
currently applied for); supply tracks with demand in
Canada.

o] Maritime Supply exceeds demand.

Additional detail on the estimate of U.S. domestic satellite
transponder supply 1is given in Table 2.4-5, and detail on the
non-U.S. domestic supply is given in Table 2.4-6. The projected
launch dates and configurations of Region 2 Commercial
Communications Satellites over the period of 1984 to 2010 are

shown in Fiqure 2.4-1.
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.. ‘ Table 2.4-4

Forecast Of Non-U.S. Domestic Satellite Transponder Supply

(Includes Canada, Latin American, Caribbean,
Atlantic Ocean Region and Pacific Ocean Region)

1990 1995 2000
FSS* LOW 210 276 -
BEST 384 574 574
HIGH 1100 1650 -
DBS* LOW . o} 0 0o
BEST 0 12 12
HIGH 6 24 24
Mobilex** LOW (o] 0 0
BEST 1 1 1
HIGH
Maritime LOW 1 2 2
BEST

HIGH 5 4 4

* In equivalent 36 MHz transponders
** In broadcast quality channels ‘
*** In 4 MHz transponders
*%%** n equivalent 2nd generation Inmarsat
transponders

2.4.3 Terrestrial Terminal Supply

The forecast of terrestrial terminal supply for satellite
communications 1is divided into: a) FSS and DBS Service (for
U.S. and non-U.S. segments) and b) Mobile Services. Additional
detail on the quantities, characteristics: and distribution of
the current population of earth stations in the United States is

given in Appendix E-2.
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*- Table 2.4-6

Estimate Of Non-U.S. Satellite Supply And Transponders

System Current # Est. ¢ . Est. # .
Sat,/Tr. in Sat,/Tr. in Sat,/Tr. %n
orbit 1984 orbit 1990 orbit 199
Preq. low high best low hig best
RON-U.S. REGION 2 PSS _
ANIK 2/48 C 2/48 2/48  2/48 2/48 2/48 2/48
iR 2;48 Ku 2;48 3572 2748 2;48 3%72 3%72
s G40 © WA s g4 4 va U
MORELOS 8/8 ¢, Ku 070 2772 1/86‘ 0/8 §/Z§ %/32
gﬁgégﬁAT 858 S’Ku 378 %fﬁg 870 840 2;48 42
SBTS 070 C 070 2748 1724 0/0 2748 %/43
TOTALS: 4/ 96 4/96 16/384 6/156 4/96 16/408 12/300
INTERNATIONAL A.O.R. PSS
CYGNUS 0/0 Ku 0/0 2/48 0/0 " 0/0 2/48 0/0
o PO T W 7 S 7/ S 7 T 7/ R /1 S /1
NT. VI* 070 C,Ku 0/3 3/96 2/33 2796 57480 g/f44
NT. VII* 070 C,Ku,Ra 070 078 070 070 47288 0/0
INT. Y/Z* 3/8 Ru 0/0 %/72 %/24 070 5/120 2/48
I I N B N 7 X
UNISAT 070 C 176 2712 070 070 070 070
TOTALS: 7/170 4/78 18/548 6/192 2/96 20/1076 6/214
- INTERNRATIONAL P.O.R. PSS .
INT. IV* 1/20 -C 0/0 0/0 0/0 0/0 0/0 0
BER VR S 13 Vhelde Vi G U8
PACIFIC 070 &' 070 1712 070 0/0 2724 1712
TOTALS: 1/20 1/36 5/168 1/36 2/84 5/166 - 2/60
NON-U.S. DBS
CAN-DBS 0/0 DBS 0/0 1/6 - 0/0 0/0 2/12 1/6
S.AM.-DBS 070 DBS : 070 070 ofo o%o 2712 176
TOTALS: 0/0 ' 0/0 1/6 0/0 0/0 4/24 2/12
NON-US MOBILE/MARITIME
INMARSAT **
~MARECS 1/1 1/1 1/1 1/1 0
B At ooy oot
M-SAT *** (70 UAF 070 171 171 070 171 171
TOTALS: 5/5 5/5 10/10 8/8 2/2 5/5 4/4
* Satellite/Transponder Supply numbers refer only to operational

satellites. .
Ll MARECS and MCS - 30 channels/satellite
2nd vear - 150 channels/satellite
*** MSAT - 5 MHz/satellite
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Figure 2.4-1

Projected Reqion 2 Commercial Communications Satellite In Orbit 1984-2010
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Figure 2.4-1 (Continued)
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2.4.3.1 Terminals in Support of FSS and DBS Service

United States Located. A forecast of the earth station

population within the United States for FSS and DBS service is

given in Table 2.4-7.

Table 2.4-7

Earth Station Population Within The U.S.
(FSS And DBS Service)

Licenseqd Unlicensed Total

Receive Only ‘
TVRO 5,707 506,793 512,500

Audio/Data RO : 710 5.890 6,600
Transmit/Receive .
Carrier ' 575 - ' 575

(i.e., 'shared use)

Dedicated - . . 615 - ' 615

(on Premise)

Other
' 98 98

*
Totals 7.705 . 512,683 520,388

* It is to be noted that about 500,000 of the Receive Only TVRO
terminals are unlicensed backyard installation and that this
value is a very approximate estimate.

Data on the licensed earth stations comes from the Facilities
and Services Division of the FCC's Common Carrier Bureau, July
1984. Data on the unlicensed earth stations comes from a
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variety of sources, including in-house data at SSE,. contracts
with satellite system operators and resellers, trade
associations, industry publications and consultants, and users.
The number of unlicensed TVRO's are approximate at best as this
industry 1is very 1loosely structured and growing fast. all
transmitting earth stations are 1licensed. 90% of all T/R's
operating in Alaska are owned by Alascom and are shared usage
carriers. Very few T/R's in either Alaska or Hawaii are for

- private, dedicated use.

The quantity of terminals projected for the future will be
very dependent upon the growth of competitive fiber optic cable
systems.

In the past few years fiber optic technology has experienced
several major breakthroughs in~'capability. practicality of
implementation, and costs. Over a dozen national and regional
fiber networks are currently being implemented in the U.S. and
it is possible that. 80,000 route miles will be 1installed and
operational by the late 1980's. This represents about 30% of
the current long-haul plant in place;

Key paraméters of current fiber optic network planﬁing includes:
o 3-5 Nationwide Networks
-- AT&T, MCI, Sprint, etc.
-~ 565 MB/s/fiber pairs
-- 5-20 fiber pairs/cable

-- 7,000 - 20,000 route miles for each network
0 Many Regional Networks

-- Lightnet - East

-~ Microtel - East

-- Electra - Central

-- Litel - Central

-- LDX : ' - Central

-- Fibertrak ' - West

-- United Telecom - Central/West
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Non-U.S. Located. A forecast of the FSS and DBS earth
station. population within Canada is given in Table 2.4-8. The

large T/R corresponds to antenna dish sizes in excess of 10
meters; the medium T/R are less than 10 meters; the Receive Only
(RO) are greater than 2 meters; and the DBS are less than 2

meters.
Table 2.4-8
FSS And DBS Terminals Within Canada
A 1985 1990 2000
Large T/R 20 30 : 50
Medium T/R 100 200 1000
RO 10,000 25,000 25,000

A forecast of the FSS and DBS Terminals within Latin America,
South America, and the Caribbean is given in Table 2.4-9. The
large T/R stations représent the Intelsat gateway stations, and
the medium T/R stations represent domestic and intra-regional

stations.
Table 2.4-9

Terminals Within Latin America, South America, And The Caribbean
(FSS And DBS)

1985 ‘ 1990 : 2000
Large T/R 45 50 75
Medium T/R 70 200 1000
RO 50 2000 - 5000 50,000

DBS 0 | 0 100,000
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2.4.3.2 Terminals in Support of Mobile Service

The forecast of earth terminals 1in support of U.S. and
non-U.S. mobile services is given in Table 2.4-10.

Table 2.4-10

Terminals Used For Mobile Services

Year 1990 : Year 2000
U.S. Canada Uu.s. . Canada .
Voice Users 45,000 2,000 180,000 20,000
Data Users 180,000 | 6,000 1,440,000 60,000
TOTAL 225,000 8,000 1,620,000 | 80,000

For the United States, it is expected that by 1990 there will
be one mobile satellite system in place, with a total of 2
"transponders" of 15 MHz each (probably at L-band with spatial
diversity and dual polarization). It is projeéted that the
system will be used at 50% capacity, with a typical growth
curve. One channel will serve 30 voice users, using 1loading
statistics as stated by Omninet and Mobilsat. One channel will
serve 120 data users, assuming BPSK Aloha modulation of 240 b/s
messages. Current>market estimates suggest the system will be
equally shared by voice and data. The 15 MHz bandwidth will

serve:
1500 channels x 30 voice users/ channel = 45,000 voice users
- and
1500 channels x 120 data users/channel = 180,000 data users.
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By the year 2000, it is expected that two mobile satellite
systems will be in place, with a total of 8 "transponders" of 15
MHz each (some combination of L-band and UHF-band, with multiple
spatial diversity and dual polarization). It is forecast that
the year 2000 system will be used at s50% capacity. Thus, there
will be a total of 60 MHz of capacity in use.

Using the previously described methodology., it 1is expected
that 60 MHz would serve 180,000 voice users and 720,000 daté
users. However, it is predicted that QPSK.yill be commonly used
for data by 1995 - 2000 (the voice bandwidth of 5 KHz is already
at the edge of the state-of-the-art, and hence further bandwidth
efficiency is not expected)., thus doubling the number of expected
data users. - Thus, the 60 MHz bandwidth will serve 180,000 voice
users and 1.44 million data users.

The Canadian estimate for year 1990 and year 2000 is based on
the Phase B market survey done for Telesat Canada.

Table 2.4-10

Terminals Used For Mobile Services

Year 1990 ‘ Year 2000
U.s. éanada U.S. Canada
Voice Users . 45,000 - 2,000 180,000 20,000
Data Users 180,000 6,000 1,440,000 60,000
TOTAL 225,000 8,000 ° 1,620,000 80,000
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2.5 CONSTRAINTS, SELECTION CRITERIA, AND OTHER CONSIDERATIONS

2.5.1 Study and Task Constraints

Several guidelines and constraints were imposed by the SOW
and several others were added by Ford Aerospace during the study
in order to 1limit the scope of this study. These limitation

included:

-

General Guidelines:; The study was to use payload confiqurations
which were based on utilization of 1998 operational technology.
No in-orbit payload assembly was to be required and a minimum
system lifetime of ten years was to be feasible. In addition, a
conformance 'to anticipated regulatory requirements was to be

accommodated.

Other general guidelines 1included the accommodation of
communications payloads only, and a rigid spacecraft antenna
configuration was to be incorporated for the baseline FSS and
DBS configurations. The system must be economically feasible,
must be based on demonstrated needs, and must accommodate

user/operator requirements.

Launch Concepts: The payload configurations and characteristics

were to be subject ~to constraints imposed by various
spacecraft/transportation system/space operations capabilities.
These constraints on the payload ére in terms of permissablé
weight/power volume/lifetime envelopes. Two sets of envelopes
were to be considered initially: ‘

Launch Concept 1: Up to a maximum single shuttle launch of
combined = spacecraft and wupper stage with a spacecraft
weight of up to 12,000 pounds.

Launch Concept 2: Allows a separate spacecraft (without
upper stage) of size and weight up to a full shuttle launch
capability (65,000 pounds)f
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Communications Service Baseline Requirements: The baseline

gervice aggregation scenario requirements were to provide: 1)
up to CONUS coverage b) Domestic FSS and DBS services (only)
and c) Transmission at C/Ku/Ka freguency bands.

Variation to Service Aqgreqation Scenarios: The service

coverage area was to be extended to include up to the entire
western Hemisphere. Additional services including mobile and
data collection were to be considered as well as additional
frequency bands. An intersatellite link caﬁability .to
international satellites or other non U.S. satellite or
platforms was to be considered.

2.5.2 Service Agqgreqgation Scenario Selection Criteria

Several 1interactive concepts are involved in the development
of aggregation criteria. The first and simplest 1is the
inclusion of multiple, distinct payloads-such as fixed
communications, DBS, or CPS services - on a single satellite. A
second level is aggregation of multiple users within a single
payload. Also, the selection of aggregation criteria must go
hand-in-hand with payload criteria ; the two sets of criteria
cannot be developed independently. As an example, an
aggregation scenario that would result in a payload set whose
mass -or power 1is excessive should be 1identified -early to
preclude wasted effort in the subsequent payload concept and
definition tasks. Regulatory and institutional constraints can
also interact with the ability to aggregate users within a
payload, or even payloads on a platform. An established
satellite user would have to see significant economic benefit
before relinquishing his "very own" system.

The suggested evaluation criteria given in Appendix A to the
RFP for this study included:

a. Potential communication capacity from an orbital slot.
b. Impacts on both space and terrgstrial plant-in-place.

c. Communications service reliability/availability.
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Criterion b has been discussed above vis-a-vis space
impacts. Terrestrial plant-in-place impacts include such
factors as ensuring that an existing carrier's terrestrial
facilities - if its space plant were to shift to the platform -
are still usable or easily modifiable with minimum downtime.

There is an interaction between criteria a and c¢c. Most users '
would be reluctant to place all their traffic on a single
satellite, even if sufficient capacity'could be provided in a
single orbital slot for that user. Thus, one could end up
considering different mixes of payldads/users in different
slots. Sparing considerations complicate the problem but must
be taken into account. In spite of the aforementioned problems,
the pressures on orbital slot availability, may very well drive
the FCC to give preference to  filings that conserve ﬁhis
resource or diréctly regulate the use of the orbital slot.

There are other criteria that could be considered in addition
to those —covered above. For example, 1in evaluating the
inclusion of a payload serving a particular market segment, the
economic benefit of a satellite-based system, relative to other
alternatives, wbuld provide a measure of the likelihood such a
system would be viable. As an example, it would be very
difficult for a satellite-based mobile system to compete with a
éellular terrestrial system in a metropolitan area because of
the latter's high degree of frequency reuse in a small area. On
‘the other hand, a mobile user should not be expected to provide
two different systems. Hence, compatibility 1issues must be

considered.

As a result of the Task 1 efforts it was determined that the
following selection criteria be used in the evaluation of the

various service Aggregation Scenarios:
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a. Optimum Communication Capacity From An Orbital Position.
b. Impact On Terrestrial And Space Plant-in-Place.
Communications Service Reliability/Availability
-- Risk Associated With "All Eqgs In One Basket".
-- Numerical Reliability
-- Frequency Selection For Availability.
d. Institutional Issues
-- Antitrust Issues
-- Regqulatory Issues (FCC, CCIR, CCITT)
-- Insurance Issues
-- Ownership And Financiﬁg
Multipayload Schedule Risk
f. Privacy lIssues
g. Restriction On Re-Allocation Of Existing Service
h. Orbit Servicing Outages.

2.5.3 Payload Concept Evaluation Criteria

‘ The key evaluation criteria for payload concepts are as
follows: A
a. Frequency spectrum utilization
-- Bandwidth
-- Re-use
-- Modulation efficiency
Inter-system interference
Communications service reliability, availability.
Growth potential/flexibility
Complexity (Risk)

™ ©® & G U

Percent payload capacity utilization.

2.5.4 Other Consideration

In additidn to the technical and performance constraints to
be imposed on the Scenario development are various other
parameters to be considered. The three factors examined in this
study are: a) institutional = Dbarriers b) regulatory
considerations and c¢) insurance issues.
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2.5.4.1 Institutional Barriers

If the technical problems 1in developing, launching, and
operating a geostationary communications platform can be solved
and if the "economies of scale" materialize, the platform may
make economic sense. However, there still remains the problems
of.institutional barriers.

The Communications Common Carriers have been restrained by
antitrust laws. This was viewed as a problem even in assembling
the "Carrier Working Group" for the LeRC 30/20 GHz Pbogram,
However, these carriers have a long history of working together
on cooperative projects. The submarine cables, which have been
in operatibn for almost 100 years, are usuaily owned by one
carrier, but others have been able to use part of the
capability. Intelsat was formed in 1963 to own the space
segment of the satellites carrying international traffic. This
international <consortium has been remarkably successful 1in
providing global communications services.

The carriers owning domestic ‘and regional communications
satellites have been able to 'lease spare capacity to. one
another. The RAnik A satellites 1leased transponders to U.S.
carriers before the U.S. domsats were launched. Currently, Anik
C-2 has been tiltéd so that its antenna footprints fall on the
U;S. rather than Canada, and high power Ku-band transponders are
being leased to U.S.C.I. for television distribution in the
Eastern U.S. The Comstar satellites were bought by Comsat and
leased to AT&T, who in turn subleased. channels to GTE. The
Galaxy satellites are unique 1in that their owner, Hughes
Communications, Inc., did not decide to be a common carrier, but
leased the transponders to carriers. This has become known as a
"condominium” satellite, since the transponders were all spld to

individual owners.
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The platform could follow any of these commercial models:

a. The platform could be owned by a single organization, and
spare channels could be leased to other carriers.

~b. .The platform could be owned by a consortium formed for

that purpose, and the consortium members could have

access to the channels.

¢. The platform could be developed by a single organization,
and communications channels could be sold to carriers.

An alternate system could have the platform owned by a
government entity. This could presumably be the system chosen
by a government with a PTT (postal, telephone, and telegraph)
organization.

Purposes and Priorities of the Payloads: The purposes and the

priorities of the payloads on the Geostationary Communications
platform affect the institutional barriers. For example, these
barriers can be quite different if the platform is owned by an
international consortium such as Intelsat which operates on a
world wide basis, or by a U.S. Commercial corporation operating
domestically.

The following potential-categories of payloads are possible.

a. Satellite Communications
-- - Commercial, domestic
- Commercial. international
-- Governmental, domestic
-- . Governmental, international
b. Meteorological observétion and dissemination’
c. Earth resources observation and dissemination
d. Military reconnaissance
e. Scientific observations
-f. Engineering tests of components and system.
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Platform Ownership Options: The communications satellite

platform could have a number of different ownership options.

these are listed below, with examples:

A U.S. common carrier (e.g., AT&T, GTE, ITT, WU, RCA

a.
Americom, SBS, etc.)
. A consortium_of U.S. carriers.
. A U.S. designated monopoly corporation (a "carriers"
carrier")
d. A U.S. government agency, e.g., NASA
e. A regional multinational consortium, e.g., Eutelsat
f. An international consortium e.g., Intelsat, Inmarsat.
Platform Ownership Responsibility: The responsibilities of

ownership include obtaining or providing for :

a. Regulatory approvals,

b. Financing

c. Contracting for the spacecraft manufacture, payload
integration, testing, and delivery to the launch site.

d. Launch Services. ’

e. Insurance

f. Tracking, telemetry, and command for a master Earth
Station; including the orbit positioning and deployment,
attitude control, station keéping, environmental control,
configuratidn management, and radio-frequency
interference control. =~ ' ‘

g. Payload management, switching control, terrestrial
network management.

“Condominium" Payload Owners' Responsibilities: While the

platform owner's responsibilities involve monitoring and control

of the spacecraft as a whole, the individual payload owners can

be responsible for:
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a. The configuration of communications circuits, switching
within the payload subsystems, and control of the
individual antenna beam “footprints.*

b. The switching of. spare components within the payloads,
and possibly, the replacement and repair of failed
components or subsystems.

c. An oversight of the platform management which affects the
operations and priorities of the individual payloads.

Representative Scenarios: Several representative scenarios of

platform development are described, in order to review the
institutional barriers which must be overcome.

» Scenario #l: A U.S. domestic platform owned by an individual
common carrier: Suppose that the number of communications
satellites over North America grew so rapidly that the orbit-
capacity was filled in all practical frequency bands allocated
for communications satellites. 1In order to increase the orbital
capacity, one of the U.S. carriers assigned an orbital slot by
the FCC proposed to build a large platform, and serve as the
“landlord," subletting space and utilities (power, environmental
control, attitude control, switching circuits, etc.) to other
("condominium") carriers interested in providing their own
payloads for this platform. '

The platform owner would have to obtain the regulatory
approvals. The original application to the FCC would have to be
amended to permit this wuse of his construction permit.
Presumably, the .amended plétform would accommodate multiple
frequency transmitters and receivers, multiple ‘"spot" beamnm
antennas, and could présent problems in harmful radio-frequency
interference to& other authorized users of fhe radio spectrum.
These concerns  would have to .Be addressed, and the
communications subsYstem designed to obviate any such harmful
interference. The FCC would have to circulate his amendment to
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all interested parties, review the responses, possibly hold
evidentiary hearings, and then decide whether or not to permit

his Application to be amended.

In the event that any of the interested parties was
unsatisfied with the FCC results, he could resort to the
Judicial Branch of the government to .seek legal redress.

Assuming these barriers were overcome, the FCC would submit

~ the amended application to the International Telecommunication

Union, to insure that no other Administrations would suffer

harmful interference from the operation of the platform in its
assigned orbital position. )

In ordér to permit multiple carriers to cooperate in
designing - and -integrating communications ©payloads onto a
platform, the Dept. of Justice would have to waive the
anti-trust laws which are designed to prevent collusion between
carriers on pricing services. Arquments showing this
cooperation was in the public intérest would be required to
pﬁrsue such a waiver. If‘the current laws do not permit such
cooperation, then the appropriate Congressional Committees
could consider changes in the law to make this possible.

The FCC has 1limited the rate of return on domestic
communications carriers to a fixed percentage of the invested
capital. this limitation could restrict the po;ehtial profits
of the platform owner, and make it difficult to raise the
finances. While the recent trends have been for 1less
regulation, these trends may not continue indefinitely.

The platform owner would have to obtain financing for
development and construction. Because of the 1long lead times
involved, several years would pass before any income would be
realized from the platform's operation. The expenditures would
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start slowly, and build up steadily as the construction took
‘place. Progress payments would be required for. the 1launch
vehicle, and the owner could incur costs on the order of a
billion dollars or more at the time of the launch.

Since few corporations can generate this. much cash from
operating expenses, outside sources of financing will Dbe
required. The "condominium" owners could be a source of these
fuﬁds, if they will pay in advance for'space on the platform.
Alternatively, the money could be borrowed or .raised from
private or public subscriptions. The public subscriptions come
under the jurisdiction of the Securities and Exchange Commission.

Currently, communications satellites qualifY for 1investment
tax credits. These "ITC's" could enable a cdrporation_to deduct
some of the investment in the platform from operating profits in
other activities. This assumes that the current laws on ITC's
and depreciation allowances on high-technology enterprises will
continue, and will apply to the platform as well as other
communications satellites. The 1Internal Revenue Service must
approve the use of the ITC's for the platform owners.

Insurance must beée obtained for the platform, and the large
expenses involved may strain the'capacity of the'underwriters.
If the perceived risks in the platform exceed those of
conventional satellites, the higher premiums may handicap the
profit potential of the platform.

The launch serviceé may not present institutional barriers,
since the platfoim will presumably be launched on the space
Shuttle. However, the size of the platform will require more
extensive integration facilities at Cape Canaveral than are

needed for smaller communications satellites.
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After the platform is successfully launched, checked-out, and
is operational, the multiple carriers on-board can effect a
degree of interconnection which 1is rare in terrestrial
circuits. Properly designed, the platform can permit
intefconnection via an on-board switching system of any uplink
‘with any downlink. This can permit any earth station
communicating with the platform to reach any other earth
station, irrespective of the frequency bands. While this
versatility can result in better utilization of all
participating earth stations, the coordination in tariff
charges and state and federal regqulation of these tariffs can

‘present new problems.

Assuming that these barriers can be overcome, the platform
could offer a high degree of utilization of the geostationary
orbit "slot", due to -the interconnectability and multiple
frequency re-use in "spot" beam antennas.

Scenario #2: An international consortium becomes the platform
owner, and leases out communications subsystems to members of
the consortium. If Intelsat became the owner, the institutional
barriers are less_formidable, because many of them have already
been overcome. 1If a new international consortium were set up in
‘competition with 1Intelsat, then the administrations involved
would have to agree to pgrmit competition with Intelsat'é

current monopoly.

) In this scenario, suppose that a rival international
consortium were set up to serve the heavy traffic¢ areas of the
Atlantic Basin in competition with Intelsat. The U.S. could use
two approaches in permitting free entry into international
satellite communications. One 1is to license the domestic
applications first, and then deal with the other
administrations; the other is to reverse this sequence.
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Within the next several years, the question of whether or not
to permit competition with Intelsat's current monopoly will be
addressed by the Executive Btanch (the Senior Interagency Group
on International Communications Policy), by the FCC (either 1in
licensing procedures or in a broad rule making inquiry), or by
the Legislative Branch (in oversight heafings by relevant
congressional committees). Congress might find it necessary to
amend the Communications Satellite Act of 1962.

Assuming that competition to Intelsat is permitted, then the
platform can communicate with earth stations in a number of
Administrations. Each participating'Administration could permit-
earth stations communicating on several frequency bands with a
platform positioned over the Atlantic Ocean. Because of the use
of “spot" beams antennaé. the power flux densities ("p.f.d.'sﬁ)
could be higher than that available from Intelsat satellites,
and smaller earth station antennas could be used. °Because of
the direct communications betweén international corporations, or
video distribution networks, and ‘the elimination of terrestrial
links ahd related expenses, the communications circuits would
presumally be cheaper than those invoiving the local PTT's and

Intelsat.

The institutional barriers which must be overcome to permit
this scenario include the waiving of restrictions on competition
to Intelsat, the permits to construct earth stations by all
participating administrations, the coordination and assignment
of an orbital slot by the ITU, and the permits to use high-power-
flux densities within the antenna beam "footprints." '

The financial barriers are similar to those described
previously, but in this case the funds might be provided by the
sponsoring administrations, or by private ventures from each
corppration in proportion to .the communications- capability
subscriptions. The managing entity could be a new consortium,
or an eXxisting satellite operator might be engaged to perform

. this service.
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2.5.4.2 Regulatory Considerations

The following government ofganizations or corporate entities
many present regulatory barriers in establishing a platform

communications systemn.

FCC: Grants construction permits (licenses) and assigns orbital
slots for domestic applicants, coordinates these slot
assignments with the ITU, coordinates interference complaints by
users of the radio spectrum, and regulates tariffs.

NTIA: Coordinates telecommunications policy in the Executive
Branch of the government.

State Public Service Commissions: Regulates inter-state tariffs.

Dept. of Justice: Enforces the laws governing communications

common carriers.
Congress: Makes the laws governing the carriers.

Courts (Judicial Branch of the Government): Adjudicates disputes

between interested parties.

Dept. of State: ~“Coordinates international agreements with other

Administrations.

ITU (International Telecommunications Union): An agency of the
United Nations which coordinates frequency assignments, orbital
positions, and harmful interference between competing users of

the radio-frequency spectrum.

UN: Parent organization of the ITU; makes policy related to

international broadcasting.

Foreign Governments: Make treaties concerned with international

communications.
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Foreign Government PTT's (Postal, Telephone & Telegraph): State
monopolies controlling the earth stations and communications

interconnections on their territory.

IRS (Internal Revenue Service): Regulates the tax credits and
depreciation schedules affecting communications satellite
systems.

SEC (Securities Exchange Commission): Regulates stock offerings
and private placements' (which might be used to finance the
platform).

Investment Bankers, and venture capitalists; Financing.

Insurance Companies: Underwrite risks on construction and
delivery, launch and commissioning, plus the orbital operations
or the platform.

NASA: spacecraft integration at the launch site; - launch

services. o -

Master cControl Earth Station: Tracking. telemetry, and control
_of the platform in orbit. ’

"It is expected that key regulatory action would be ‘required
for the following: ’

a. Domestic Communications (orbital slots, frequency
assignments, power levels, modulation techniques):  FCC¥
for commercial applications, IRAC for government
applications.

b. Heavily trafficked frequency bands may require a
long-term effort with the FCC to clear a platform orbital
-slot, or the use of a slot assigned to a satellite owner
(or owners) with waivers to operate a platform.
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c. Formation of consortia of U.S. common carriers will
require anti-trust laws to be waived by the Dept of
Justice. ,

d. Geostationary slots for both domestic and international
communications must be assigned by the ITU.

e. Broadcasting across national borders requires approval by
the administrations involved, and may involve the U.N.

2.5.4.3 Insurance Issues

The insurance of communications satellites is a relatively
new business. It began with coverage of the launch phase of the
Intelsat I (Early Bird) in 1965. The first coverage of the
operating phase in orbit was with Western Union's Westar I in
1974. The insuraﬁce of property damage and malfunctions is now
considered in four phases:

a. Manufacturing

b. Prelaunch, from the time the satellite leaves the factory
until intentional ignition of the launch vehicle

c¢. Launch, ending with positioning in the geostationary
orbit and (sometimes) checkout on orbit

d. Operation, with periodic renewals throughout the lifetime
of the satellite |

The 1industry has dgrown to the point that the total sums
insured in 1983 afe approximately $1.5 billion. However., the
maximum capability on a single launch is 1limited to slightly
over $200 million. Because a geostationary communications
platform's cost will exceed this 1limit, the industry capacity
must grow to support higher levels.

A second type of insurance involves 1liability claims. Even
though some spectacular unplanned reentries have occurred, such
as the 80-ton Skylab's crash over Western Australia in July of
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1979, only minor damage has resulted.. The total industry
capability of third party 1liability is now on the order of $1
billion.

The gJeostationary platform poses some unique risks in
‘comparison with individual satellites. The most obvious is
"putting all your edggs in one basket." A catastrophic event
such as a micrometeoroid 1impact <could totally destroy a
platform. A more likely event such as the loss of the attitude
control subsystem could also render the platform useless.
However, with the large weight and space and more redundant
subsystems, a means of regaining control can be incorporated
into the platform. The 1insurers must review -the reliability
assessments of the platform and compare them with individual
satellites in order to determine the premiums that should be

charged.

Another risk peculiar to the platform is the potential for
radio-frequency 1interference (RFI) between diverse payloads.
The juxtaposition of high-power transmitters and sensitive
receivers has caused unanticipated problems on satellites
carrying multiple' payloads. For example, the high powered
transmitters on Fleetsatcom produced intermodulation products
(IMP) from noniinear components which jammed the receivers.
This satellite required extensive redesign and suffered scheduie
delays and cost overruns. The insurers must follow the designs
and tests during the platform development to determine if this
risk is acceptable. Alternately, the insurance policies>cou1d
be written to preclude claims resulting from RFI between

separate payloads.

The "insurance of a large and expensive communications
platform could present problems with the space insurance
community in their present state of affairs. The total exposure
on a single satellite launch has increased from a value of
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approximately $10 million in the late 60's, to a value slightly
over $100 million currently. This trend is 1illustrated 1in

Fiqure 2.5-1.
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Figure 2.5-1. Insurance on Individual Satellites

~ On multiple satellite launches from a single launch vehicle,
this exposure can be multiplied by a factor of two or three.
The insurance underwriters became painfully aware of these risks
during the 11th Shuttle Mission (Feb. '84) in which the failure
of the PAM-D Perigee Kick Motors resulted in losses of $180

==
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million for WESTAR VI and PALAPA B2. While these losses may be
lessened by recovery and re-sale of these errant satellites, the
loss was a bitter one for the underwriters. The subsequent loss
of approximately $80 million 1launch of INTELSAT V F9 on the
previously reliable Atlas/Centaur_Launch Vehicle exacerbated the
problem.

Ultimately., the space insurance business must be profitable
in order for it to continue. Figure 2.5-2 shows the 1losses
exceeding the premiums in '79, and rising sharply with the three
losses mentioned above 'in'84. At the present time the total
cumulative 1losses are approximately double the cumulative
premiums which have be collected.

5BB.~CQmu1atiue Net Premiums & Losses

Lossesé; 

';.... ,‘ . ,rnnl‘luu‘lll“i"""‘""lqm"
78 72 74 76 T8 8
| " Calendar Year

Figure 2.5-2. Cummulative Satellite Insurance
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The insurance premium rates will have to increase to permit
underwriters to become financially healthy again. The launch
and commissioning rates have been between approximately 6% and
10% depending on the perceéived reliability of the launch vehicle
used. The rates quoted since the disasters of '84 have been
roughly doubled. If the launch reliability improves, and the
highér premiums - contribute to the financial health of the
underwriters, then their capacity can grow to the point that
they could support a platform launch.

The platform may cost a billion dollars or more. This large
expense Wwill ©probably Arequire outside financing, and - the
financiers will 1insist on insurance to 1limit their exposure.
The successful launch and testing of an experimental version of
the platform would help reduce the perceived risk on the first
platform launch.

If the premium costs are much higher than that for individual

communications satellites, the introduction of platforms may be

- delayed. Alternativély. the 1insurance could be written with

deductibles; either tbe loss of one platform in a series of

platform launches, or other limitation on the underwriters®

: payments in case of loss. 1In the case of a platform launched by

government organization such as NASA, the practice has been to

self-insure. This could be another reason that the initial
platform would be experimental.
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3.0 AGGREGATION SCENARIO DEVELOPMENT (TASK 2)
3.1 OVERVIEW

The purpose of Task 2 of this study was to develop a minimum
.of six communications service aggregation scenarios describing
potential groupings of voice, video and data services which
maximize the communications service capacity of a single

location in geostationary orbit.

Using the criteria developed in Task 1 and approved by NASA,
a total of 8 service aggregation concepts were synthesized and
tested against the criteria. The scenarios described potential
groupings of voice, video, and data services that maximize the
communication service capacity of a single location in
geostationary orbit. Information was obtained on the following
parameters:

o Traffic considerations
-- Capacity for each service by frequency
-- Re-use estimates based on beam size
—-- Service area covered by service and frequency

0 Platform aftﬁibutes
-~ Estimates of RF power required
-- Estimates of dc power required
-- Estimates of weight by service

-~ Development risk assessment
0 . Required orbit locations by service

o Ground system attributes
-- Approximate number of earth stations by service
-~ Approximate sizes of earth stations by service
-- Geographic location of earth stations
-- Effect on anticipated plant-in-place
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The ranked scenarios and their descriptions were presented to
NASA and five of the scenarios were selected for further
development in this study (see section 3.4)

3.1.1 Rationale used in Scenario Development

The different services that potentially could be provided by
satellite from the geostationary orbit are fixed (FSS),
broadcast (BSS), maritime, aeronautical, 1land mobile, radio
navigation, meteorological, military, data collection, voice
broadcast, citizen band repeaters, etc. The satellite providing
these services can operate in any one or a combination of three

modes:

o} Global coverage
o] Regional, zone coverage
o] Domestic coverage

Each of the services (FSS, DBS, etc.) uses preassigned radio
frequency (RF) bands allocated by the concerned regulatory
agencies. The agencies coordinate with the International
Telecommunications Union (ITU) for inter-region allocations.
Although planned geosynchronous satellite services are varied,

» it 1is evident that fixed satellite services communications
satellites outnumber all others. Frequency allocations for FSS,
by international agreement, consist of:

Frequency (MHz) Available RF
Band Uplink Downlink Bandwidth (MHz)
C 5925-6425 3700-4200 500
Ku 14000-14,500 11700-12, 200 500
Ka 27500-29,500 17700-19,700 2000
Ka 29500-30,000 19700-20,200 500

Thus far, the C band has been the most widely utilized, to

. . . o
such extent that at certain locations (especially from 70 to
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143° west longitude) it 1is thought of as a nearly depleted
commodity. To that effect, during the 1979 World Administrative
Radio Conference (WARC-79) and under much pressure from
developing countries and Western European nations, it was
resolved that "A World Administrative Radio Conference shall be
convened not later than 1984 to guarantee in practice, for all
countries, equitable access to the geostationary satellite orbit
and the frequency bands allocated to space services."

Though the Ku-band and particularly the Ka-band are utilized
less than the C-Band, it 1is 1likely they will be equivalently
treated within ahy international and domestic planning
procedure.' However, their global, regional, and domestic
allocation, repartition, and methods of utilization will offer
more flexibility than those at the C-band because they are less
thoroughly established from the network design and operation
vieWpointé. For instance, while 1° circular or even smaller
spoi beams will be desirable for some services in the U.S. at
the Ku and Ka-bands, the same size épot beam Qill be unlikely at
C-band. An already existing operational structure at C-band
will prevail beyond the late 1990's whereby the usage of the
band is locked to CONUS or 50 states plus Puerto Rico and Vvirgin
Islands coverages. By the same token it would be hard to
imagine at C-band the realization ef a data transmission network
(low speed/medium speed) with roof-mounted small dishes, whereas
1.5 meter or even smaller diameter dishes at the Ku band could

be ideally suited for such a service.

The Ku-band was looked upon as a solution to the congestion
existing in the C-band arc/spectrum. The Ku-band alleviates tﬁe
congestion problem because it provides more available spectrum
and therefore more capability than the C-band alone. However,
also to be considered is that the capacity of the C and Ku-bands
can be colocated or combined on one payload in orbit, thus
optimizing usage of the orbit arc/spectrum. Additionally, the
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two bands can be interconnected to create specialized networks,
not to mention the economies of scale that can be achieved for
transponder costs. This can be extended to include the Ka band.
which is quite attractive for very large capacity voice and data
transmission (multicarrier FDM/FM and TDMA).

It is 1interesting to notice that whereas up to a few years
ago the capacity provided for CONUS coverage from one orbital
location was twelve 36 MHz C-band transponders, the aggregation
of C/Ku/Ka-bands and the use of dual polarization make it
possible to have as many as 168 (24 C + 24 Ku + 120 Ka)
equivalent 36 MHz transponders from the same orbital 1location

with no other reuse scenario.

The North American arc, which is facing C-band congestion
problems, will get some relief from an orbital spacing reduction
to 2° from the current 4°. However, the North American arc,
which presently extends from 70° to 1143°, (U.S. orbital arcs
extend from 7d°_to 102° and from 118° to 143° with the Canadian
arc extending from 102° to 118°), 1is 1in jeopardy of being
reduced. Mexico has already received 1locations in the Canadian
arc at 113.5° and 116.5° and Brazil has received locations
at 65° and 70° at the end of the North American arc. In
addition, Columbia has been allocated two orbital 1locations at
75.0o and 75.4o for 1it's planned domestic satellite system.
It is anticipated that parts of it will be sought by other
Region 2 countries. This is especially true of spots within the
orbital arc from about 60° to 90°, which will be contested by
the U.S. on one hand and Central American and Caribbean
countries on the other. On the other haﬁd. recent FCC filings
have indicated that the sought-after orbital positions requested
for U.S. coverage extend as far down as 55° west longitude.

Taking into consideration present orbit/spectrum constraints,
available satellite and launch technology capabilities (physical
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dimensions, weight, and power), a growing requirement for the
need for transponders, and the economies of scale derived by a
larger number of transponders on a given spacecraft, leads to a
future generation of increased capability communications
satellites (platforms) that will weigh about 5000 1b (2265 kgq)
in geosynchronous orbit at beginning of life. Such a platform
could be stretched up to a weight of 13,000 to 14,000 1b, still
making use of single STS 1launch). More mnissions could be
accommodated and a payload of about 200 equivalent 36 MHz
C/Ku/Ka-bands communications transponders achieved. If the same
economies of scale are applicable as shown in Table 3.1-1,
reduced cost per transponder per year should be achieved. The
cost per transponder per year has dropped from about $10 million
in 1964 for Early Bird to about $370,000 today and is projected
to drop to about $190,000 by 1987. The data in Table 3.1-1 has
been compiled by Ford Aerospace research.

Table 3.1-1

History of Cost per Transponder Year‘

Number of Cost*/

Procurement Transponders Transponder/

Year Satellite Transponders/Band Year$M (1982)
1972 Westar 12 C-band 0.65
1974 Satcom 24 C-band 0.50
1981 Galaxy 24 C-band 0.37
1981 Satcom 24 C-band 0.26
1982 Spacenet 36 Hybrid 0.28
1987 FASSC S4 Hybrid 0.19

*Launch plus satellite

The same. analysis can be applied to other services and in
particular to BSS, where the 1initial STC program direct
broadcast sa;ellite was planned as a three channel system, to
where 'subsequent DBS systems will be considerably 1larger,
pérhaps reaching a capacity of up to 32 high-power RF channels
per orbital slot as allocated by RARC-83.
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With the basic services of voice, video, and data to be
provided as before but where changes are bound to happen due to
growing requirements, larger throughputs, use of new RF bands,
planning and optimization of the orbit/spectrum, and the
increasing cost effectiveness of transponders, a number of
service aggregation scenarios can be postulated. Among these

are:

FSS only at C/Ku/Ka bands

DBS only at Ku band

FSS and DBS at C/Ku/Ka bands

DBS and FSS (TV distribution only) at C/Ku bands
FSS and mobile at L/C/Ku/Ka bands

FSS (data transmission only) at Ku/Ka bands

© 0 0O 0 o o

A short description of each of these possible scenarios

follows:

o FSS using up to 7000 MHz of bandwidth that will fulfill
long distance and regionalvtelephony requirements as well as
data and video transmission requirements throughout the U.S.
and/or between the U.S. and Western Europe on one hand, and
the U.S. and countries qf the Americas on the other.

o DBS for Region 2 using the 12.2 to 12.7 GHz RF band with
diréct and indirect circular polarization. An overall of 256
X 24 MHz RF channels are available for the U.S. from 8
orbital positions (8 x 32 channels) at 61.5°, 101°, 110°,
119°, 147°, 157°, 166°, and 175° of west longitude. 192 RF
channels are available for Canada from 70.5°, 72.55, 82°,
91°, 129°, and 138° west longitude. Both Brazil and Mexico
have also expressed multichannel requirements from each of 4
orbital positions. Other Region 2 DBS aggregation
possibilities are 115° west 1longitude for the Andean
countries group, and at 103/04° west longitude for Colombia
and Venezuela.
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o) Mixed FSS and DBS missions using C/Ku/Ka bands serving
the U.S., Western Europe, and Japan. Platforms would be
located at pre-established DBS orbital positions and provide

voice and data service transmissions as well, conforming to

1.

designated and established limits of power flux density.

o Considerable TV programming és well (SMATV) transmission
is presently taking place in the U.S. at the C-band with new
service deployment planned at the Ku-band. These transmission
media will prevail throughout the 1990s. A mix of FSS (TV
transmission and distrib