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ABSTRACT 

This report consider. the impact of foreign satellite communications 

systems on NASA's 30/20 OBz development program. The Report includes a 

comprehensive traffic demand forecast, a scenario for the transition process from 

current satellite systems to more advanced systems of the 1990's, systems 

configurations with and without the use of 30/20 GHz, and a comparison of these 

two eHernatives. Conservative figures were used in computing the estimates 

presented herein; therefore, the total impact of 30/20 GHz development could be 

much greater than indicated below. 

'rhe demand forecast is based on earlier work performed for NASA 

Lewis and other entities. It is keyed to the relative level of development of the 

economies of world regions, as meuured by GNP. The forecast estimates a total 

world denumd of 5000 transponders for voice and data, and 33000 transponders for 

video teleconferencing by the year 2000. Transponders equivalent to those used in 

~urrent domestic systems are used as a measure for demand. 

The need for evolutionary improvement in slitellite eapacity and flexi­

bility is indlcatetl by a comparison of current trends with the projected traffic 

demand. Capacities per satellite on the order of 300 to 800 transponders are 

required by the year 2000, but current trends project development of satellites with 

much lower capacity. This clearly shows the need for the 30/20 GHz bands as well 

as additional technology Improvements. 

The addition of 30/20 GHz capability to communications satellites can 

be expected to have several benefits. Despite the somewhat higher cost for items 

of 30/20 OHz equipment, the total cost per channel will be reduced. This will 

occur because of the higher capacity per satellite resulting from the use of 30/20 

and other techniques. Connectivity will also be enhanced at reduced cost. 

Furthermore, in many regions of the world, ~he lower frequency bands are made 

unaccessable by the dense terrestrial microwave networks. The many benefits of 

customer-premise earth stations will then be available only through the use of 

30/200Hz. 
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Based on our market analysis, u.s. industry could expect to sell 

equipment AAd spacecraft for use at 30/20 GHz ifi "'.,..e regions of the world. If 

video teleconferenci"l Is developed as a market, we estimate direct sales on the 

order of $8 bWion. If only voice and data market. are considered, direct sales 

would total about $1 billion. Indireot beneflts to u.s. industry would proceed from 

lmpi'o'Ved communlc'tlons, particularly direct manufacturer to customftr communi­

cations. These improvements could increase u.s. sales abroad In many product 

areas. 

The major conclusions of this Report can be summarized as follows: 

1) The use of 30/20 GHz will result in increased ~tel1ite capacity, 

which will be needed to satisfy demand. 

'2) The use of 30/20 GHz will decrease the transmission cost, 

especially for broadband communications" 

3) In some areas, particularly Europe and Japan but also the U.S., 

30/20 GHz is the only aVaill(ble frequency band for customer 

premise earth stations. This Is because of the dense terrestrial 

microwave networks. 

4) The development of 30/20 GHz technology will improve U.S. 

markets (or equipment and satellites in many world reg.ions. 
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'iECTION 1 

EXF.COTIVE SUMMARY 

This report was prepared for NASA Lewis Research Center under NASA 

Contract NAS 3-21500. The report examines the interaction between NASA's 

30/20 OHz Program and existing, planned, or possible foreign satellite 

communications systems. The primary consideration in this contract has been the 

examination of potential markets for U.S, industry which may arise as a result of 
the 30/20 GHz Program. 

1.1 TraffIc Proje-ctions 

The utility of 8 satellite communications system can only be measUl'ed 

with respect to the accommodation of the traffic demand. In examining future 

satellite systems, therefore, it is useful to develop traffic p'l'ojections. Based on 

earlier work performed by Western Union and ITT tor NASA LewIs, FSI has 

prepared a traffic model lor the U.S. domestic service. In the present report, this 

model is €xtended by means of econom ie correlation factors to encompass the 

entire world. This model takes into account expected technology advances and 

reductions in transmissil)n costs, legislative snd regulatory changes permitting 

increased competition, and rising energy costs which will encourage more extensive 

SUbstitution of telecommunications for travel. 

In global forecasting it is standard practice to segregate countries into 

world model regions of similar political and economic characteristics. For the FBi 

moclel, we have segregated the world into two major groups as follows: 
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Group I 

Group n 

ORIGINAL PAGE IS 
0,., POOR QUALITY . 

North America 
Western Europe 
lJSSR 
East~rn Europe 
Jttpan 

Latin America 
Middle East 
China 
Asia 
Africa 

Other Countries Those not covered in 0 roups 
I and a 

Satellite transmission requirements have been expressed in unitl.i ot 
transmission capacity equivalent to 8. typical domestic transponder with 36 MHz 

ba.ndwidth. Such a transponder Is capable of transmitting approximately 1,000 one­

way voice channels or 64 Mbps of one-way data.- A Gummary of the total 

requirements Is shown in Tables 1-1 and 1-2 and in Figure 1-1. Since there is still 

some uncertainty conc~rn1ng the development of video conferenclng systems, we 

hav*" performed the aubsequent analysis for a "high traffic" model which Includes 

video conferencing and for a ''low traffic" model which contains voice snd data 

requirements only. 

'The term "transponder" is used as fa reference to express traffic levels. 
transponder capacity is assumed to remain constant over the study period. 
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Table 1-1 

I! 
Total R!9ulrements - Low Traffic Model 

(DomesUc and R.eiSionCil) 

(Transpondet's) 
Ii 
, , 

,1 
". Mid"Year 1980 1984 1988 1992 1996 2000 

1 
North America 131 284 458 653 858 1,083 
Western Europe 56 245 470 803 1,141 1,515 
U .S.S. R. 11 27 52 91 169 280 
Eutern Europe ° 21 66 107 140 148 
Japan 46 141 236 359 460 538 

Total Group I I 244 718 1,282 2,013 2,768 3,565 

LfAtln America 7 46 128 269 485 766 
Middle East 3 11 28 57 113 241 
China ° 2 9 23 49 97 
Asia 17 38 81 164 312 579 
Africa 6 15 26 41 59 78 i 

,j 

Total Group II 33 112 272 553 1,017 1,761 

I TOTAL 277 836 1,568 2,590 3,821 5,376 

Table 1-2 ,j 
Total R!,9uirements - tlis:h Traffic Model 

~ (Domestic, Regional, and InternatiQnal) 

(Transponders) 
l. 

i 
" 

1980 1984 1988 1992 1996 2000 

Regional Traffic 277 836 1,568 2,590 3,821 5,371> 

INTELSAT Traffic 46 78 120 173 244 342 

1 
Video Conferencing 7 36 1,558 8,998 19,468 33,521 

Total 
High Traffic Modpj, 330 950 3,246 11 ,961 23,533 39,239 .j 
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1.2 Systems Evolution 

Becawe ot InoreaslnJ pressure on the limited orbital capacity, s8.tellite 

systems In the developed countries will be driven to Increasing levels of 

sophistication. The rate at which this process will occur will depend on, among 

other thinp, the development of ,,0/20 GHz hchnology. The additional frequency 

space ar.turded thereby wUl have several beneficial eftectsl in mUUibeam r.:y"tems, 

capacity will be available to alleviate saturation in high traffic areas. The 

capacity per satellite w/fU be increased, thus lowering the cost per traNIPonder in 

orbit. In addition, in rtlllions such as Western Europe, where the present terrestrial 

microwave network is quite dense b:>th at C-i>and and Ku-band, 30/20 GHz will 

likely be the only treQ'Jency bp!ld available for widespread use. This type of 

coverqe, where earth stations can be freely located, is essential for the 

development of dlrect-to-the-user, or customer-premises type services. 

The need for additional development to increase capacity can be seen 

by comparing Fieure 1-2, which shows our estimation of the evolutiona.ry trends of 

current satellite technology (without 30/20 GHz) with Figures 1-3 and 1-4, which 

show the required capacity t;>er orbital slot for the developed world reg'ions. It is 

apparent that the high traffic model, which includes substantial customer-premises 

s'!rvices such as video conterencing, cannot be satisfied using the present 

technology trend. 

l.3 Systems Which Do ~ot .use 30/20 GHz 

With a continuation of current trend$, an advanced form of on-i>oard 

8witchir.g is expected around 1990. This will enable operational satellitp.s with 

multibeam technology to have capacities of about 130 equivalent transponders. 

Depending on the traffic density, lowel', olr slightly higher capacities will also be 

designed. Based on this premise, VlTe have configured systems and coverage!. for the 

world model regions. The resultinf' satellite capacities are shown in Table 1-3. 
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Table 1-3 
Re~onal Satellite Caeaclties 

Without Ka-band 
(Transponders) 

Region 1983-1989 1990-2000 

Western Europe 24 120 

Japan 64 160 

Latin America ()4 64 

Middle East 64 64 

Africa 64 64 

China 64 64 

Asia 64 64 

Due to the low traffic levels for the less developed countries, larger 

satellites are net strictly needed even afte", 1990. 

Detailed systems configurations were developed for Western Europe, 

Japan, and Africa, for both the high and low traffic models. A summary of 

satellite and system parameters is shown in Table 1-4. 

A number of types of earth stations were configured for operation in 

the systems without 30/20 GHz. Costs for these earth stations ate shown in Table 

1-5. While many earth station designs are possible, we think that these provide a 

sufficiently wide range of facilities and costs for comparison purposes. 
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Table 1-4 

Satellites Without 30/20 GHz 

Item 1 

Coverage Type Area 

Approximate Capacity 
In 36 MHz Transponders 24 

Design Life, years 7 

Mass (kg~ 545 

f9wer (Watts) 

EOL 1,150 
BOI~ 1,450 

Fraction or STS Used 1/4 

Upper Stage Used IUS 

Costs (Millions of 1980 Dollars) 

Satellite 

Development Cost 40 
Pel'" Uni t Cost 15 

Launch 

Shuttle Cost 10 
Upper Stage Cost 14 

Total per Satellite 
in Orbit 39 

Number Launched (Low Traffic) 

Western Europe 
Japan 
Africa 

22 
0 
0 

ORIGINAL PAGE IS 
OF POOR QUALITY 

10 

Satellite Type 
2 

Area 

64 

7 

1,330 

2,000 
2,500 

1/2 

IUS 

60 
32 

20 
16 

68 

0 
7 
4 

~-_ ....... 44I:k4i ••• .¥ ;pat 

3 

Multiple 
Spot Beam 

120-160 

10 

2,100 

3,000 
4,200 

1 

IUS 

82 
53 

30 
18 

101 

17 
5 
0 
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Item 

Front Ends 

Antenna System 

4/6 GHz 
11/14 GHz 

RF Equipment 

4/6 GHz 
11/14 GHr. 

Terminal Equipment 

Mux/Demux 

Totals 

4/6 GHz 
11/14 GHz 

Table 1-5 

Typical Earth Station Costs in 1990 

(Thousands of 1980 Dollars) 

(Moderate Quantity) 

Bush 
Radio 

10 
12 

5 
6 

3 

18 
21 

Sta tion Types 

SCPC/ 
DAMA 

12 
15 

6 
7 

6 

3 

27 
31 

Multi-carrier 
PSK 

18 
24 

10 
12 

30 

18 

76 
84 

1.4 Systems Which Use 30/20 GHz 

SS/TDMA 

18 
24 

24 
47 

59 

4 

105 
134 

The addition of 30/20 GHz technology to the advanced on-board 

switching and other improvements which will be available in 1990 will result in a 

satellite of quite high capacity. The vse of the full Shuttle cargo bay will be 

required. Typical capacities are shown ~n Table 1-6. 
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* C-band assumed not a.vailable due to frequency coordination problems. 

In a manner similar to that used for systems without 30/20, we have 

developed configurations fot Western Europe, Japan, and Africa which attempt to 

satisfy both the high and low traffic models. In general, this can be done more 

flexibly and with better results using 30/20 GHz. Indeed, the traffic forecast for 

Western Europe can only be satisfied using the 30/20 GHz systems, due to the 

restricted use of the lower frequencies. This will be true in any region where C­

band and Ku-band microwave densities are similarly high. 

Table 1-7 shows typical satellite parameters, costs, and number of 

spacecraft needed for these systems. Table 1-8 shows costs for 30/20 GHz earth 

stations which correspond in type t.o the earth stations considered earlier. 
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Table 1-7 

Satellites with 30/20 OHz 

Satellite Type 
~" : j Item 4 5 

~ , 
f Coverage type mUltiple spot beam 

j 

I area ' ~ 

" 
' ~ 

Approximate capacity, 
in 36 MHz transponders 126 315-430 

Design life, years 10 10 

Mus (kg) 2100 4000 

Power (watts) 

EOL 3000 10kW 
BOL 4200 14kW 

Fraction of S1'S used 1 1 

Upper stage used IUS Centaur " 

I 
'I 

22!!! (Millions of 1980 Dollars) 

1 Satellite i 
j 

Development cost 100 130 
Per-uni t cost 60 96 

1 Launch 

Shuttle cost 30 30 , 
" 

Upper stago cost 18 20 i 
Total per satellite in orbit 108 145 

1 
Number launched (low traffic) 

~ Western Europe 0 5 

i Japan 0 3 

Africa 1 0 
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Table 1-8 

Typical 30/20 GHz Earth Station Costs in 1990 

(thousand of 1980 dollars) 

(moderate quantity) 

Item 

Front Ends 

An tenna System 
RF E<;!uipment 

Term inal Equipmen t 

Mux/Demux 

Totals 

Bush 
Radio 

20 
30 

3 

53 

Sta,tion Type 

SCPO/ 
DAMA 

24 
55 

6 

3 

88 

Multi-Carrier 
PSK 

30 
80 

30 

18 

158 

1.5 Econom lc Evaluation of Alternative Systems 

TDMA 
SS/TDMA 

35 
160 

60 

4 

2S9 

Based on the systems scenarios developed for systems with and without 

30/20 GHz, we have evaluated the total cost per transponder-year and per voice 

channel-year. These calculations were perfut'med for Western Europe, Japan, and 

Africa. A time-phased economic modelling rrogram was used, which accounts for 

investments, depreciation, operating and maintenance costs, return on investment, 

and the level of J.oadlrJi of the satellite fac1lities. In addition, in the cost 

comparison, we have accounted for the advantage which accrues to the earth 

station as a result ot operating with satellites of larger capacity. This comes about 

because full connectivity is assumed. In order to provide this without multiple-hop 

transmission, the earth stations must each access a certain minimum satellite 

capacity. With larger satellites, this can be accomplished using fewer antennas, 

teeds, and sets of RF equipment at the earth station, thus a cost savings results. 
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Table 1-9 shows the average COlt per transponde..-year for the various 

configurations. A summary of total cost (space + earth segment) per voice circuit 

per year il presented In Tf\ble 1-10. 

1.8 Market Analysts 

A solely quantitative market analysis would be of little use In a future­

oriented Itudy such 88 this one. The numbers so derived would essentlaUy be Uttle 

more than opinions. In order to mitigate this situation, we have includf;d a 

gua1ltatlve discussion of the satellite market potential in many of th~ world model 

regions, together with a consideration of any pe>lltical factors or local manufacture 

pollcles which, affect the opportunities tOl' U.s. industry. The discussi~n Is too 

lengthy to include here. 

8ttSed partly on the market discussion referred to above, and pertly on 

PSI's judgement, we have prod.Jced numerical estimates for 1) the total spacecraft 

and earth station markets, 2) the fraction of these markets likely to be captured 

by U.S. industry, and 3) the total dollar value for this portion. Table 1-11 shows 

the total markets for 30/20 GHz equipment worldwide, in numbers of transponders 

and numbers of earth stations. Relatively small differences between th~ low and 

high traffic m9dels for the less-developed countries are a result of the very small 

amount of video conferencing forecost for these areas during this period. 

Table 1-12 gives the estimated "capture percentages" for U.S. industry, 

for both earth and space segment. The combination of Tables 1-11 and 1-12 results 

in a total market for U.S. industry; this is shown in Table 1-13, along with the 

estimated dollar value ranges for this market. 
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Wostern Europe 

Japan 

Africa 

Tab16 1-9 

Averse Space Segment Cost 

Per Transponder-Year 

(Millions of 1980 Dollars) 

Low Trafflc 
W!tho'.!t With 
30/20 30/20 

0.27 

0.28 

0.78 

0.t9 

0.28 

0.74 

High Traftlc 
Without With 
30/20 30/20 

0.22 

0.18 

• 

0.11 

0.15 

• 
-----------------------
• Neglil,ible video conterencing 198()-2000 
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Region 

Western 
Europe 

Japan 

Africa 

Table 1-10 

Average Annual Cost Per Voice Circuit 

(In Thousands of 1980 Dollars) 

Low Traffic 
Without With 

Earth StaU:m Type 30/20 30/20 

Bush Radio 8.9 17.6 
SCPCIDAMA 2.9 6.0 
Multi-Carrier PSK 3.1 2.6 
SS/TDMA 1.3 0.8 

Bush Radio 8.6 15.8 
SCPCIDAMA 3.0 5.6 
Multi-Carrier PSK 2.4 2.6 
SS/TDMA 1.0 1$0 

Bush Radio 9.6 16.8 
SCPC/DAMA 4.0 6.S 
Multi-Garrier PSK 3.4 3.5 
SS/TDMA 2.0 1.9 

High Traffic 
Without With 
30/20 30/20 

8.8 11.4 
2.~ 5.8 
3.6 2.4 
1.2 0.6 

8.4 15.5 
2.8 5.3 
l.2 2.3 
0.6 0.5 
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Reg!on 

Canada 

Western Europe 

Japan 

IJatin America 

Middle East 

China 

Asia 

Africa 

Others 

Table 1-12 

U.S. t'l~try Capture Percentages 

tor 30/20 Equipment 

I 

Satellites Earth Station Eguiement 

90% 20% 

0% 20% 

0% 596 

7096 5096 

7096 5096 

70% 2596 

5096 3096 

70% 50% 

90% 3096 
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Table 1-13 
~-

Market Summary (I)r 30/20 OHz Systems 

Tota) Space Serment 

Sales - Transponders 
1980 dollars 

Total Earth Serrl~ent 

Sales - Earth Stations 
1980 dollars 

Total Market for U.S. Industry 

1980 dollars 

1,450 
$900 million 

32,000 
$1.7 - 8.4 billion 

$2.6 - 9.3 billion 

1. 7 Other Benefits From 30/20 GHz S'jstem_s 

Low Trattic 

730 
$450 mUlion 

10,600 
$0.6 - 2.7 billion 

$1.0 - 3.1 billion 

In addition to direct sales of communications equipment to foreign 

nations, other benefits will accrue to the U.S. industry. In many areas of Western 

Europe, 30/20 GHz will be the only frequency band which will enable the use of 

customer-premises earth stations (CPf». It is in the U.S. interest to encourage such 

a CPS system, since U allows direct broad- band communications between U.S. 

companies and their customers, rents, and subsidiaries in Europe. High-speed 

facsimile, electronic mail, and video conferencing flre some of the services which 

would be made feasible. 

Such o'ommunications systems would facilitate the control of business 

by the U,S. industry overseas and could improve the competitive posture of U.S. 

industry. Other communications systems could not be expected to fulfill these 

functions, since it IS unlikely that broad-band local loops will be installed 

throughout Europe in the near future. Due to extensive terrestrial micrOWAve use 

at C-band and even at Ku-band, 30/20 GHz offers the only real poisibility for this 

broad-band CPS system. 
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In the context of the present international satellite arrangements, such 

direct international .. rvices could be furnished within the INTELSAT system. The 

customers on the PTTs would provide the ground segment, and 30/20 GHz space 

segmer.t would ~e lensed from INTELSAT. This would make the INTELSAT system 

a large potential customer for 30/20 GHz equipment, and could substantially 

increase the overall benefits to U.S. industry. 

1.8 2!!rall Conclusions 

This4)ort indicates a substantial market outside the U.S. for 30/20 

GHz equipment, both satellites and ground equipment. This market is partly 

available to U.S. industry because of the experience and success rate of U.S.-built 

satellites and earth stations. However, this market will be available only under 

certain condition.,: 

1. U.S. industry must take the lead in developing and proving 
technology for the 30/20 GHz bands; 

2. U.S. firms must make arrangements for the satisfaction of local 
manutacturer/local content requirements; and 

3. In cooperation with NASA, U.S. manufacturers should begin parallel 
incorporation of results from NASA's 30/20 GHz development 
program, so as to reduce the ~ag between NASA demonstrations of 
practicality and actual use in commercial satellites. 

1.9 Further Work 

This report has taken an initial look at the possible uses of and markets 

for the 30/20 GHz technologies developed in the U.S. Because of the limited detail 

and the numerous judgements necesS\~ry in this study, further work in this area may 

be desirable. A number of subjects would prove interesting and usefUl, as discussed 

below. 

Europe and possibly INTELSAT are the most likely users of U.S.­

develc.ped 30/20 GHz technology. The traffic demand model for both could be 

examined in more detail. Refinf:ments, as for example the identification of the 

types of traffic most suitable for 30/20 uHz, are possible. 
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Based on the above refinement of the traffic model, systems designs for 

Europe and INTELSAT could be formulated. These would be keyed to the actual 

development plans of the NASA program, so as to produce the most useful 

correspondence between the actual developments and the likely requirements. 

One or the most fruitful areas of inquiry may be the) design of an inter­

national direct-to-the-user system using the 30/20 GHz bands. This could 

implement direct broad-band communications between u.s. locations and custom­

ers, agents, and subsidiaries in Europe. This system would be administered by 

INTELSAT due to its international nature, but regional systems can also be 

considlered. 

The current traffic model indicates that teleconferencing will be the 

area of highest growth and maximum ultimate market in the 1990-2000 period. 

Due to the direct-to-the-user nature of this service, the 30/20 GHz bands are 

ideally suited to this application. Additional study of teleconferencing uses could 

also prove to be valuable. 
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SECTION 2 

INTRODUCTION 

This report, Cross-Impact of Foreign Satellite Communications on 

NASA's 30/20 O'Hz Program, has been prepared by Future Systems Incorporated 

wiide';- NASA Contract NAS 3-21500. This document considers the effects of NASA 

technology development for 30/20 GHz systems on the planning and purchases of 

foreign domestic satellite systems. The resulting opportunities for US industry Rre 

also exam ined. 

The first ingredient is a model of traffit! demand for the world. FSI has 

developed this model based on demographic correlations and the experience of our 

staff. The model yields estimates of telephony, data, and video conferencing 

traffiC, and estimates of the portion of this demand that will likely be carried by 

satellites. The background data and results are presented in Section 3. 

We have also developed a model for the transition process as systems 

evolve from the current, rather low capacity satellites to the higher capability 

spacecraft of the 1990's. This is presented in Section 4. 

In order to quantify the possible advantages of the use of 30/20 GHz 

frequencies, we have cOfbtructed systems models which satisfy the traffic demand. 

One scenario uses only C-band and Ku-band, the other includes the use of 30/20 

GHz. These systems models include estimates of spacecraft capacity, number of 

spacecraft required versus time, and space segment costs. Earth stations 

appropriate to the systems are also configured, with cost estimates included. 

Section 5 presents systems which do not use 30/20 GHz, while Section 6 covers 

systems which use 30/20 GHz. 
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SecUon 7 contalM an economic ahalysis ot the alternate l!Iystems. Costs 

.Cor spacecraft, launch vehicles and ground segment are employed in a time-phas6d 

r;1odel to produce total COita per unit of transmission bandwidth. 

In Section 8 the markets for s~acecraft and earth station equipment are 

examined. We hp.·;.:t estimated the size of the markets, and have inclUded 

discussions of factors such as politics which affect the volume of potential sales. 

The launch requirements which are covered in Section 9 follow directly 

{l'om thE! market model. The sensitivity of market acceptance to system 

availability is treated in Section 10. Results ot the study are summarized and 

conclusions drawn in Section 11. 

Since the effects of rain on system availability have such a significant 

impact at. 30/20 GHz, we have included an Annex which details the attenuation and 

rainfall models which we have employed. These models are extracted from a NASA 

document and include features which have achieved wide acceptance. 
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Introduction 

SECTION 3 

DEMAND FORECAST 

This section presents a forecast of demand for various communication 

services to be provided by satellites. Specifically, the forecast covers demand for 

voice communications, data transmission, video teleconferencing, and television 

distribution. The telephony forecast is based on GNP and historical correlation 

between GNP and telephone use. The forecasts for the other components of the 

communications service demand are based on a detailed forecast for the U.S. 

demand for those services. (Reference 1) The components are scaled by the GNP, 

and additional factors are introduced to account for the time lag of service 

intrOductions relative to the U.S.. We used this approach because the wealth of 

data concerning U.S. com munications is not available for other countries. Use was 

made of the Western Union and ITT stUdies performed for NASA Lewis Research 

Center (References 16 and 17). While we have used the information provided, we 

have added our own judgment and other work previously performed by FSI in order 

to derive traffic requirements. 

The present forecast covers a period of 20 years, 1980 to 2000. Since it 

is a long range forecast, it is important to consider the types of facilities which 

will likely be available during this time period. Rapid advances in communications 

technology are taking place at this time, and these advances will have a Significant 

impact on the future development of communications facilities. Some examples of 

applicable technology advances are given below: 

Fiber optics transmission links 

New communications processors and switches 

High capacity communications satellites 

Low cost earth stations 

New, low cost microwave transmission 
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OF POOR QUALiTY 

Riling energy costs will continue to have a major impact upon our lives 

and the way in which we use telecommunications to reduce travel. Since 1977, FSI 

has studied the Impact of energy costs on telecommunications, and we have 

concluded that depletion ot the world's oil reserves will continue to raise energy 

costs at least over the duratioll ot this study period and that energy cost increases 

will be an additional stimulation 'of communications service demand. As travel 

becomes more expensive and less convenient, there will be an increuslng tendency 

to substitute communic:atlons for some travel. This will lead to better communica­

tions facilities being offered, and once they are available, communications use will 

fUrther iLlcrease and communications costs will continue to drop. 

In preparing a communications traffic forecast, one must also consider 

the prlcfl eluticity, i.e., the sensitivity of service demand to service price. While 

voice communications costs are already quite low, price elasticity will have a 

major impact upon the use of video conferenclng. 

Using these factors for predictions of future traffic requires assumptions 

regarding certain demographic deta of the future. Specifically, it requires 

estimates of future GNP and populB,tion in the countries or world regions under 

stUdy. Fortunately, a suitable range of these numbers is well documented and 

generally agreed upon by a variety of sources. 
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3.2 DemOll"aphi~ Data 

In global fore~astlrll It Is standard practice to segregate countries into 

world model reriona of similar politi~al and e~onomic ~hara~teristi~s. Por the PSI 

model, we have segregated the world into two major groups as follows: 

Group I 

, Group n 

Other Countries 

North America 
Western Europe 
USSR 
Eastern Europe 
Japan 

Latin America 
Middle East 
China 
Asia 
Africa 

Those not covered in Groups I and 11 

The detailed makeup of the world model regions is as follows: 

World Model Zones 

North America 

Canada 
United States 

Western Europe 

Andorra 
Austria 
Belgium 
Denmark 
Federal Republic 

of Germany 
Finland 
Fran~e 
Greece 
Iceland 
ireland 
Italy 
Lie~htenstein 

Group I 

26 

Luxembourg 
Malta 
Monaco 
Netherlands 
Norway 
Portugal 
San Marino 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
Yugoslavia 
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World Model Zones (Continued) 

Group I (Continued) 

USSR 

Eastern Europe 

Japan 

Albania 
Bulgaria 
Czechoslovalda 
German Democratic 

Republic 

Group II 

Latin America 

Argentina 
Barbados 
Belize 
Bolivia 
Brazil 
Chile 
Colo rn bia 
Costa Rica 
Cuba 
Dominican Republic 
Ecuador 
EI Salvador 
French Guiana 
Guatemala 
Gayana 

Middle East 

Algeria 
Bahrain 
CyPrus 
Egypt 
Iran 
Iraq 
Jordan 
Kuwait 
Libya 
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Hungary 
Poland 
Romania 

Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Paraguay 
Peru 
Surinam 
Trinidad 

&: Tobago 
Uro.guay 
Venezuela 

Lebanon 
Morocco 
Oman 
Qatar 
Saudi Arabia 
Syria 
Tunisia 
United Arab Emirates 
Yemen, A.R. 
Yemen, P.D.R. 
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World Model Zones (Continued) 

Group II (Continued) 

Peoples ReputlUc of China 

Asia 

Afganistan 
Bangladesh 
Burma 
India 
Indonesia 
Kampuchea 
Malaysia 
Mongolia 
Laos 

Africa 

Angola 
Benin 
Burundi 
Cameroon 
Cape Verde 
Central African Empire 
Chad 
Comoros 
Djibouti 
Ethiopia 
Equitorial Guinea 
Gabon 
Ghana 
Guinea 
Guinea-Bissau 
Ivory Coast 
Kenya 
Lesotho 
Liberia 
Malagasy Republic 
Malawi 
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North Korea 
Nepal 
Pakistan 
Philippines 
South Korea 
Sri Lanka 
Taiwan 
Thailand 
Vietnam 

Mali 
Mauritania 
Mauritius 
Mozambique 
Niger 
Nigeria 
Republic of Congo 
Re' union 
Zimbabwe 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
Swaziland 
Tanzania 
Togo 
Uganda 
Upper Volta 
Zaire 
Zambia 



Table 3-1. 

Antigua 
Australia 
Bahamas 
Bhutan 
Botswana 
Brunei 
Bermuda 
Dominica 
Fiji 

Other Countries 

French Polynesia 
Gilbert Islands 
Grenada 
Guadeloupe 
Guam 
Hong Kong 

Israel 
Maldive Islan&s 
Martinique 
Nambla 
New Caledonia 
New Hebrides 
New Zealand 
Papua New Guillea 
pOI·tuguese Tlmo~' 
Singapore 
Solomol1 Islands 
South Africa 
St. Lucia 
st. Vincent 
Tonga 
Virgin Islands 
Western Samoa 

The basic demographic data that we,'e used in this forecast are listed In 
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Table 3-1 

Population and GNP Per Capita of World Model Regions 

Current 
Regions 1980 Area Population Current 1980 

and Population (Sq km) Growth Infiation GNP/Capita 
Countries (Millions) (Thousands) (% per Year) (% per Year) (1980 Dollars) 

North America 246.2 19,339 0.8 7.8 12,020 
Western Europe 417.2 4,634 0.6 16.1 8,590 
U.S.S.R. 266.0 22,402 0.9 9.7 4,800 
Eastern Europe 112.7 1,019 0.1 8.7 4,540 
Japan 117.5 312 1.0 6.2 1,41~ 

Group I Total 1,159.6 47,763 0.8 8.4 8,400 

Latin America 357.9 20,519 2.7 34.4 1,660 
Middle East- 172.3 11,141 2.7 11.4 2,940 
People's Republic 
of China 985.9 9,S~'? 2.2 5.0 590 
Asia-- 1,307.5 10,888 2.3 11.8 360 
Africa·-- 348.5 26,458 3.2 14.4 430 

Group n Total 3,182.1 78,603 2.4 20.2 720 

Other Countries 67.8 10,827 2.1 11.3 4,190 

World Total 4,399.5 137,193 2.0 10.3 2,800 

-Exlcudes North Africa 
• -Excludes Japan and China 

-·-Excludes South Africa and North Africa 

~ ... i> ... ..;_..., ... .;;..c:..::...~_. .., _~.~_... 'v ·_ ..... ,c-..-..• _"_. __ . ~ .. " .<wi f. __ ._ ..• ~_ •• _.~ 
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Current GNP 
GNP/Capita Density 

Growth 
(% per Year) ($K of GNP/km) 

2.6 153.1 
3.2 113.5 
3.0 !'1.0 
4.1 502.3 
3.8 3,116.6 

3.0 203.9 

3.9 28.9 
10.3 45.5 

3.0 60.2 
6 •. 2 43.1 

-2.5 7.0 

5.1 31.2 

0.1 26&3 

3.3 93.2 

,. __ 6dt wk. 
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The starting pohlt is the GNP per capita. The numbers in this report are 

higher than those usuaUy shown In national account statilJtics. This Is because they 

are expressed In 1980 dallars, While many other statistics use dollars of earlier 

yea!,'s as a reference. 

The GNP growth rates are based on a consolidation of estimates and 

fore~uts given in various references listed. Current and historic data were also 

derived from various references. It should be noted that all figures are rounded to 

avoid giving the impression of a higher degree of precision than Is warranted. For 

this reason, the totals In each column do not add up precisely. 

Some of, the highlights of the forecast of econondc and demographic data 

are sum marlzed In Table 3-2. (Figures are rounded.) 

Population 

GNP 

GNP Per Capl ta 

Table 3~2 
~---

Highlights of Economic and Demographic Data 

Year 2000 

Developed countries 20% of world population 

Developing countries 8096 of world population 

Developed coun tries 7596 of world total 

Developing countries 25% of world total 

Developed countries $15,000 

Developing countries $ 2,400 
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Thus, even 20 year. trom now the disparity between the average develop­

'"I countries and developed countries is still a tactor of 1 to 8 in GNP per cllplta. 

How.ve.r, it we compare North America with Asia and Africa, the differential is 
even larger, as shown in Table 3-3. 

Table 3-3 

North America Compared With Asia and Africa 

Year 2000 

North ,Asia and Ratio 
America Africa 

(average) 

1980 GNP Per Capita 12,000 375 32 

2000 GNP Per Cnpita 
(in 1980 uollars) 20,000 970 21 

It should be noted that for evaluation of the relative standards of living of 

different countries it is generally preferred to use the Gross Domestic Product 

(GDP). For forecasting of communications traffic requirements, however, we 

cQnsider the GNP to be a better measure. GNP data include the results of exports, 

whAle GOP data do not. Forecasts of population, GNP per capita, and total GNP 

are shown in Table 3-4 through 3-6. 

3.3 Telephony Traffic 

Since there is extensive background of conventional telephone telecom­

munications, the model for telephony satellite traffic is based on cOl'relation 

factors which have been derived from historical data, and which are applied to 

forecasts of future population and GNP numbers. 
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Table 3-.4 

population (Killions) 

Mid-Year: 1980 1984 1988 1992 1996 2000 

North America 246 253 260 268 275 283 

lies tern Europt! 418 428 438 ~47 456 465 

U.S.SeR. 266 275 285 296 306 317 

Eastern Europe 113 116 119 123 126 1)0 

Japan 118 122 127 131 135 137 

Total Group I 1160 1195 1230 1264 1299 1332 

w 
w 

Latin America 358 391 437 419 521 565 

KiddIe East 172 191 212 233 254 274 

China 986 1076 1175 1283 1~01 1530 

Asia 1308 1429 1554 1681 1807 1930 

Africa 349 395 44.5 499 556 615 

Total Group II 3172 3489 3824 4175 4539 -4914 

Others 68 13 15 75 74 73 

Total 4400 4756 5129 ~ 515 5912 6319 
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Table 3-5 

GNP Per Capita (Dollars) 

Mid-Year: 1980 1984 1988 1992 1996 2000 

North America 12023 13323 147153 16360 18128 20089 

western Europe 8585 9738 11045 12528 14210 1611~ 

U.S.S.R. 4804 5413 6111)0 6873 7745 8127 
Eastern Europe 4543 4860 5199 55~1 5949 6364 
Japan 119!:5 13730 15756 18080 20747 23808 

w Total Group I 8397 9436 10605 11918 13393 15045 
01:.. 

Latin America 1656 1930 2249 2621 3054 3559 II 

Middle East 2937 4347 6434 9524 14096 20865 ~ 
China 5&6 659 740 832 935 105;,0 

Asia 35~ 457 581 739 94.0 1196 

Africa 429 388 350 317 266 259 

Tot~l Group II 724 892 1118 1423 1838 2403 

Others 4191 4208 4225 4242 4259 4276 

.... ' 

Total 2800 1090 3439 3868 4406 5089 
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Table 34ii 

GNP (Billions of Dollars) 

Mid-Year: 1980 1984 1988 1992 1996 2000 

Nor th Allie r iea 2955 3375 3845 4377 4984 5694 

western Eucope 3591 4170 4836 5602 6482 7491 j 

U.S.S.R. 1277 1491 1741 2933 2373 2770 
1 

Eastern Europe 512 563 620 682 750 825 

Japan 1406 1678 2001 2377 2803 3271 d 

Total Group I 9742 11278 13043 15070 17392 20041 
w 
(,II 

Latin America 593 766 984 1255 1592 2011 

Middle East 506 832 1363 2220 3585 5724 

China 578 709 870 1067 130~ 1606 

Asia 469 653 903 1242 1698 2307 

Afcica 150 153 156 158 159 159 

Total Group II 2296 3113 4275 5942 8343 11808 

Others 284 305 317 320 316 311 

Total 12321 14696 17635 21332 ,26051 32160 
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Transponders are expressed in terms of typical domestic C-band trans­

PQnders with an EIRP of about 33 dBW and a bandwidth of about 36 MHz which are 

able to carry about 1,000 multiple access one-way telephone channels as a 

weighted aver8le for domestic applications. This measure was chosen merely as a 

convonient reference. Actual domestic satellite systems of the future will use a 

variety of other transponder arrangements. 

The following correlation factors were found to be useful in deriving the 

traffic model: 

GNP Per Telephone 

Long Distance Calls Per Telephone 

Long Distance Calls Per $1,000 Dollars GNP 

These factors vary from country tlJ country and with time, but they follow 

& general trend. 

In estimating domestic traffic requirements, the so-called regional system 

requirements have been included. ]<'or example, the European traffic that will be 

carried on ESA's EeS satellites which will follow OTS is considered to be European 

domestic traffic. Likewise, the traffic on the Arab regional system, on the 

ANDEAN and the ASEAN Systems, etc. is lumped in the domestic category. This is 

not to say that such traffic could not be carried by the INTELSAT System. It may 

well be included in part in the INTELSA T System through transponder lease or as 

regular traffic, if INTELSAT were to implement a distance-dependent rate. 

This inclusion permits us to construct a model in which the size of a 

country is not important. A large country like the USA has very little international 

traffic, when such traffic is expressed as a perc.entage of the total traffic. Small&r 

countries, such as those of Europe, have a much larger percentage of international 
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traffic since by nature ot their size they found It beneficial to establish close 

relations with their nellhbors. Similar relationships will grow In develcplng 

countries. ThUI, 1&1'Ie countries have their proper domestic satellite traffic while 

small countrlfJ,s require relional systems to benefit from the same e~onomles, and 

the traffic of these systems Is included In the model presented In this report. 

FllUre 3-1 is a summary of the GNP per telephone correlation factors. 

North America has the most advanced telephone network, which is expected to 

bottom out at $10,000 GNP per telephone. Japnn is about to overtake Western 

Europe, while Russia and Eastern Europe are lagging behind. The Middle East is 

expanding its telephone netwcrk rapidly, and Asia and Africa are making rapid 

relative progress. 

Figures 3-2 and 3-3 show the number of long distance calls per $1,000 

GNP. The real cost of long distance calls is dropping rapidly, and the number of 

calls per $1,000 GNP is theretore increasing. By the year 2000 most countries will 

have between 10 and 15 10", distance calls per $1,000 GNP. 
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'!'hI! present telephone density in the USA Is about 70 telephones per 100 

population. ~n some eWe. the denalty Is already above 100. In our model the total 

number of telephon •• per 100 population for the developed countries in the year 

2000 11 75, sltrhtly htrher than in th4t USA today. The total world average by the 

year 2000 is 20 telephones per 100 population; compared to about 10 today. This 

impUes an annual rrowth of 4.7 p~rcent for the world's telephones, while the world 

population wUl grow at an averllle rate of 1.6 percent per year. 

Table 3-7 provides a crou-check on the correlation factors. It ls found 

that the 10"1 diatanee calla per telephone range from 120 to 250 per year. This is 

quite reasonable, since the number of 10", distance calls per telephone for Sweden 

and Germany have already exceeded 200 per year in 1975. 

The next step In ieneratlng transponder reqUirements consists of transla­

tini long distance calls into satellite call minutes. An average can duration of 9 

minutes was used for this calculation, which was based on a summary of 

international statistics. Furthermore, It was assumed that from 5 to 25 percent of 

all 10", distance traffic by the year 2000 would be suitable for transmission via 

satellite. This percentage varies with the reiion and is dependent on the extent of 

the terrestrial transmission (aclllUes presently existing. 

At present the break-even distMce for satellite and terrestrial communI­

cations In the USA Is about 500 miles. In the USA at present, only about 5 percent 

of the total 10"1 distance traffiC would be suitable for transmiasion via satellite. 

This follows from an FCC filing by AT&T of the distribution of route miles of 

leased lines. In the future, however, long distance transmission costs will continue 

to drop, 81~d there will be a shift of long distance traffic to longer distances. 
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Table 3-7 

Summary of Correlation Factorl for Year 2000 

(Flaurel are rounded) 
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Already today, the packet communications network ot Telenet offers 

data communication. with distance independent rates. A Washington to Los 

Angeles connecUon COitl no more than a Washinlton to Baltimore connection. A 

similar trend will be experienced with telephony transmissions in the future. This 

will increase the portion ot traffic which can best be carried by satellites. 

In developing countries the expansion of the tel'restria! network is more 

expensive than In Europe and the USA, because the repeater stations for the 

m fcrowave links would be inaccessible and would be dif.flcult to maintain. For 

t~ese reasons, developing countries will opt to expand the transmission facilities 

with communications satellites to a greater extent than the already-developed 

countries. As the reault of these considerations, we have selected the following 

percentages ot total long distance traffic as being suitable for satellite 

transm Iss ion : 

Western Europe 5% 

Japan 6% 

North America 8% 

Developing Countries 15-25% 

western EUt'ope has a very well 
developed terrestrial network and the 
PTT's are in part opposed to domestic 
and regional satellite communications. 
Germany, for. example, is soid to be 
opposed to the satellite system because 
it would lose transit revenues for 
traffic that would otherwise be 
transmitted through the country. 

Japan also has a very well developed 
terrestrial syste m but has nevertheless 
already started to implement domestic 
satellite communications. One of the 
stated reasons for this system is the 
objective of technology advancement. 

In spite of the well developed 
terrestrial system, there are already 
three domestic satellite systems in 
operation (not counting American 
Satellite Corporation, which leases 
transponders from Western Union), and 
a fourth system (S85) will p\~obably 
start construction in the near future. 

For all developing countries we have 
assumed that up to 25% of the long 
distance traffic will be suitable for 
sa tellite com munica tions. 
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As the final Itep, atellite call minutes are translated Into transponder 

requirements u follows. 

a. It was Ulumed that the total traffic Is distributed over the 

equivalent of 2,400 busy houri per year. On this basis the Brlang 

load il calcwa ted as: 

1 billion call minutes/2,400 hours x 80 = 6,944 Brlangs 

b. The trunk distribution and rrade of service are such that the 
required ratio of Brlanp to circuits is 0.8. Therefor'e, 1 billion 

call minutes per year requires 8,880 circuits. 

c. One reference transponder handles 1,000 one-way channels or 

500 two-way circuits. Therefore, 1 billion call minutes per year 

requires 11.4 transponders. 

The telephony forecast for the world model regions is developed in 

Tables 3-8 through 3-l2. 
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Table 3-8 

Long Distance Calls pee $1000 GNP 

PHd-Year: 1980 1984 1988 1992 1996 2000 
North America 6.42 7.58 8.74 9.90 11.06 12.22 Western Europe 8.96 10.eo 12.9~~ 15.32 17.99 20.~4 U.S.S.R. 1.21 1.81 2.57 3.48 4.55 5.76 Eastern Europe 5.73 8.96 12.0ll 14.22 14.58 12.32 "'" Japan 13.70 15.03 15. 941 16.41 16.47 16.09 

(11 , Latin America 3.86 6.45 9.52 12.65 15.40 17.37 .. Uddle East 1.10 1.25 1.40 1.55 1.71 1.86 
i>< 

China 0.02 0.29 0.66 1.14 1. 71 2.39 
" 

Asia 1.95 2.85 4.15 5.85 7.97 10.49 Africa 2.44 4.08 6.26 8.98 ll.25 16.05 
Others 2.45 3.19 4.13 5.27 6.60 8.13 

iIr.::~=~.~:.:._ .~,.~~,.~ ,~d :!'" :~"-i«t....io-~;,;,.~ i&'"I_* t"'·,,;M.y- - afiiMe1:~_~.'. ~~,,-,:: .. ,I~ .. ", "::...t.... ""taLd'-" Klf7?1ri";·<':';;~,_-",_",I;""" .... _ ~~"'~ 
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Table 3-9 

j Total Long Distance Calls (Mi11.1ons) 

Hid-Year: 1980 1984 1988 1992 1996 2000 

North America 18964 25573 33597 43317 55103 69446 I Western Europe 32160 45031 62484 85815 116623 15616S , 
U.S.S.R. 1541 2706 41476 7076 10786 15966 

1 Eastern Europe 2932 5044 1'416 9692 10933 10157 
Japan 19260 25226 31887 39009 46155 52629 I Total Group I 14863 103581 1391920 184909 239600 l05063 

Latin America 2290 4945 gl366 15867 24518 34936 
Middle East 555 1040 1911 3448 6112 10629 
China 12 206 576 1213 2244 384t 
Asia 915 1857 3:744 727) 13535 24204 
Africa 365 624 976 1419 1948 2554 
Total Group II 4137 6671 16572 29220 48357 76168 

Others 698 975 1.310 1684 2086 252~ 

Total 79697 113226 157'801 215812 290042 383757 

.&-... ~ .,~-"""',~"" .• j"k ..... :._~."""'_~"""" ............... ~·k..._._.'"_, ... _ .. v, Ih*±'t ftt' - "<...:;.....,.,...~,__ h"oI_~ __ ~ 'I.!! * f' ____ • __ ... ...-"~.,.,. 
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Mid-Year: 

Nc-rth America 
Westerr.. Europe 
U.S.S.R. 
Eastern Europe 
.Japan 

Latin America 
ttidd1e East 
China 
Asia 
Africa 

Others 

- --- ~ 

Table 3-10 

Percent of Traffic Carried via Satellite 

1980 1984 1988 1992 1996 2000 

4.29 6.62 7.49 7.81 7.9] 7.97 
1.12 ].45 4.]8 4.75 4.90 4.96 
4.41 6.]8 7.27 7.67 7.85 7.93 
0.00 2.64 5.59 6~92 7.51 7.78 
1. 54 ].54 ·L ]8 4.74 4. 89 4.95 

1.9] 5.94 18.73 10.65 11. 99 12.91 
3.00 6.96 '9.22 10.50 11.23 11.65 
0.00 5.09 !~. 40 11. 84 1].21 13.95 

11.61 13.02 13.85 14.33 14.61 14.77 
11.07 15.08 1'7.29 18.51 19.18 19.55 

0.00 3.96 6.61 8.39 9.58 10.38 
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Mid-Year: 

North America 
Western Europe 
U.S.S.R. 
Eastern Europe 
Japan 
Total Group I 

Latin America 
Middle East 
China 
Asia 
Africa 
Total Group II 

Others 

Total 

, . 

Table 3-11 

Total Satellite Call-Minutes 

1980 1984 1988 

7315 15237 22640 
3227 13973 24630 

613 1555 2931 
a 1197 3761 

2664 8038 12583 
13820 40000 6654'5 

397 2645 7355 
150 651 1585 

0 94 497 
956 2176 4661 
364 847 1519 

1867 6414 15613 

0 347 779 

15687 46761 82936 

~~, 

--

(Millions) 

1992 1996 2000 

30446 39324 49837 
36703 51441 70031 

i 4887 7624 11-~01 
6034 7393 7113 

16644 20315 23465 

I 
94713 126097 161847 

15212 26453 40603 
3259 6179 11144 
1293 2669 4841 
9379 17796 32180 ~ 236o! 3363 4493 

31501 56461 93262 r , 
1271 1798 2:359 

121491 184355 257467 

~~~~~~=-'~':"";';;:;':""'-:;"""'_"'t~i,';'=b.~:"""k ..... """_....;;.c~· •.. ~~~,-_",,...~~~~,..,~, ~"--'~~.J .... :fb . "z'jen ,_'~a::o.~>.< .. ,. .L .,>-il .... .,:..,. .• """,,.;;.....,.. ............... \4-.._. 
""" ..... ___ ,~, ........ ; __ •. _L.~rJ..oh __ .,...,_ .. ~ _,..: .. ,.,~.~.~ __ . .).~~. __ ~ __ .' ..... __ _ 



r-' 
~' t '" 

7~ --'1 

Table 3-12 

Total Satellite Telephony Traffic 
(In Thousands of Voice Channels or Transponders) 

l 
Mid-Year: 1980 1984 1988 1992 1996 2000 

j Horth A.er1ca 127 265 394. 530 684 867 
Western Europe 56 243 429 639 895 1219 
O.S.S.R. 11 21 51 85 133 198 
Eastern Europe 0 21 65 105 129 124. ~ 

j 
Japan 46 140 219 290 353 408 ! 

""' 
Total Group I 240 696 1158 1648 2194. 2816 1 

fD 

Latin America 7 46 128 265 460 706 
Middle East 3 11 28 57 lOB 194 
China 0 2 8 22 46 84 
Asia 17 38 81 163 310 560 
Africa 6 15 26 41 59 78 
Total Group II 32 112 272 54B 982 1623 

Others C! ~ 14 22 31 41 

Total 273 814 1443 2218 3208 .. 480 
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3.4 Data Traffic 

To date, a significant amount of data traffic exists only in the United 

Sta,tes and Europe. Our forecast for da.ta transrnlssion in areas of the world other 

than the U.S. Is based on the U.S. forecast. The data are scaled by GNP. In 

addition, because the U.S. Is more advanced in communications 'Jse, there will be a 

time d~lay factor. The growth curve for the U.S. is steepert and the U.S. iu 

further up the slope as well. Growth curves for the world model regions are shown 

later in this section. An explanation of the U.S. domestic traffic model is 

contained in Reference 1. 

Data, communications can be divided ir~to the following categories: 

Message Traffic 

Message traffic is primarily composed of record communications between 
individuals and/or organizations. It includes TWX/Telex, faCSimile, and 
electronic mail applications. 

Computer Traffic 

This category includes inquiry/response traffic between terminals and 
computers plus computer network traffic for distributed porocessing, funds 
transfer, and data base exchange. 

Narrowband Teleconferencing 

This includes image and character oriented data traffic in support of 
audio/graphic teleconferencing plus freeze frame telev'ision. 

Data transmission requirements can be expressed in terms I)f information 

bits transmitted and in tel'rns of transmission channel capacity. The ratio of 

information bits to transrnis.4'Jion channel capacity is the transmission efficiency. 

For a given information rate, vastly different transmission channel ca(,lIlclties can 

result depending upon the data transmission architecture that is used. 
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For example, if a circuit-switched data channel I.s used for an 

Interactive data commullicaUons appllcatio'1, the transmission effioiency may be 

only a fraction of a percent because of the low rate at whioh the human operator 

types in data and interprets results and because of the transmission idle periods 

when the, time shared CPU performs its function. This low efficiency is one of the 

reasons tor the introduction of packet data communications networks where virtual 

circuits are set up and where the transmission channel is shared by several virtual 

channels. 

Even in packet-switched networks, the transmission efficiency can be 

low, perhaps 10 to 30 percent becauue the packet fill factor is low resulting in 

Lc.lrger tra.nsmission overhead. In some cases packet fill factors are intentionally 

kept low in order to reduce network I'esponst! time. For example, at a 300 baud 

transmission speed it takes over 3 second~ to flll a typical Telanet packet of 1,024 

bits. For other higher speed application,i,1, transmission efficiencies of 50 to 

70 percent are more typical. 

The design of the transmission architecture, which determines the 

transmission efficiency, will generally be dependent upon the transmission costs. 

In networks where transmission costs are high, data processing and concentrating 

equipment will be employed to reduce transmission line catlacity requirements. 

However, where transmission costs are l(lw, lower efficiencies will be permitted in 

order to save processing eqUipment costs. In our forecast for data service 

requirements, we refer to transmission channel data rates rather than to raw 

information data rates. 

In the case of video conferencing, we have concluded that the total 

traffic will be carried on satellite circuits except for intrafacility traffic. For 

data appUcations, however, it is necessary to distinguish between satellite and 

terrestrial traffic. 
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In the put the use ot I8telUtes tor data applieations has been handlaapped 

by the exlsUllI protoeols whiah did not allow tor the satellite transmiuion delay. 

Satellite transmission otten results in low throughput beaause ot the relatively long 

wafting Urnes tor aaknowledgement reeeipt. Modern data transmission protocols 

make allowance tor the satellite transmission delay; thus this problem will 

gradual!y disappear. 

3.4.1 Estimate of Mes.CJage Serviee Demand 

Message serviae demand is divided into the (ollowing categories: 

TWX/Telex Trtiffic 

Conventional Facsimile Traffic 

Advaneed Electronie Mail 

TWX!Telex Service Demand 

The demand estimate for this service category is based upon estimates of 

the number of terminals in use. All estimates were converted into a number of 

messages per year based on the following conversion factors: 

Five Messages per Day per Terminal and 250 Days per Year 

$1.60 per Message 

I 

The various estimates are plotted in Figure 3-4. The estimated decline in 

demand past 1985 is based on the expectation that current TWX/Telex terminals 

will be retired in favor of mor"! efficient message terminals in future years. 

The number of messages is converted into a number of bits by assuming 

120 words per message, six characters per word, and eight bits per character 

resulting in 5,760 bits per message. Annual traffic is then converted into peak busy 

hour traftic by assuming 250 business days per year, 24 hours per day, and a peak to 

average factor of four. On this basis one busy hour Mbps at 100 percent efficiency 

converts into 5.4 terabits per year. Transmission line efhcency is assumed to 

range trom 1 to 10 percent. The results are shown in Table 3-13. 
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Table 3-13 

ProJ8oted TWXlTelex Service Demand 

(per Billion Dollars of GNP) 

Messages per Traffic in Transmission 
Busy Hour 

Transmission 
Year Terabits Efficiencies Capacity in 

Year (Millions) per Year in Percent Mbps (one-way) 

1980 6.02 x 10-5 3.45 x 10-1 1 6.4 x 10-12 

1985 6.01 x 10-5 3.46 x 10-1 2 3.2 x 10-12 

1990 4.53 x 10-5 2.63 x 10-1 5 9.7 x 10-13 

1995 3.31 x 10-5 1.90 x 10-1 10 3.6 x 10-13 

Thus It is found that in terms of overall transmission capacity require­

ments, the TWX/Telex traffic is small. Not only do the message requirements 

decl'eue with time, but also the transmission line efficiencies increase due to 

incrauini use of the more efficient packet networks. 
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Conventional Facsimile Service Demand 

Since the late 1960's, business use of facsimile has developed into a 

viable market. There is a wide diversion of estimates, but the assumed growth 

rates are uniform at about 18 percent per year. We have averaged these estims,tes 

and extrapolated them with a gradually dropping growth rate. The resulting 

service demand is shown in Table 3-14. The following conversion fac'Lors were 

used: 

1,800 Pages per Year per Terminal 

300,000 Bits per Page 
(This results in 0.54 terabits per 1,000 terminals per year.) 

250 Days per Year 

24 Hours per Day 

Peak to Average Factor = 4 

As before, with 100 percent transmission efficiency, one terabit per 

year converts into 0.185 Mbps. 

Year 

1980 

1985 

1990 

1995 

Table 3-14 

Facsimile Service Demand Estimate 

for Busy Hour Traffic 

(per Billion Doilars of GNP) 

Number of Traffic in Transmission 
Facsimile Terabits Efficiency 
Terminals per Year (Percent) 

1. 04 x 10-4 56.2 15.0 
2.12 x 10-4 114.5 17.5 
3.59 x 10-4 194.1 20.0 
4.68 x 10-4 252.9 22.5 
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One- Way Da ta 
Transmission 
Requirement 

Mbps 

6.95 x 10 -5 

1.21 x 10 -4 

1.80 x 10 -4 

2,08 x 10 -4 
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Advanced Electronic Mail Systems 

With the introduction of new terminal types and new data transmission 

facilities, the development of advanced electronic mail systems is expected. The 

following developments are expected to take place: 

1. Diversion of physical mail to electronic mail. 

2. New document distribution networks. 

3. Increased use of com munica ting word processors and character­
oriented message terminals. 

4. {ncreased use of facsimile transmissions with increased speed, con­
venience, and quality at reduced costs. 

5. Office of the future practices by government and industry. 

6. Decentralization of work locations with increased communications 
demands. 

To some extent these advanced new services will substitute for the 

,'!onventional facRi m ile services and the TW X/Telex services described previously. 

For this reason the growth of the~e conventional services was assumed to slow 

down and even reverse in later years. 

Several estimates of advanced electronic mail service requtrements for 

the U.S. have been made by A. D. Little, Frost &. Sullivan, Xerox, George 

Washington University and others. 

A composite of these e:stimate& is translatet' into busy hour transmission 

capacity requirements in Table 3-15. Based on 250 days per year and a peaking 

factor of 4 at 100 I?ercent transm ission line efficiency one terabi t per year 

corresponds to 0.185 lVIbps. 
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Table 3-15 

. Advanced Electronic Mail 
Service Demand Estimate 

(per Billion Dollars of GNP) 

1980 

Terabits per Year per Billion 
Dollars GNP 

Image Mode 24.1 

Character Mode 2.41 

1'otal 26.51 

Transmission Efficiency 30% 

One-Way Data 

Transmission Requirement (Mbps) 1.6 x 10-11 

Year 

1990 2000 

1687.5 1135.1 

112.5 302.7 

1800.0 1437.8 

40% 50% 

8.3 x 10-10 5.3 x 10-10 

To pel'mit interpolation to other years, advanced electronic mail serviCE 

demand estimate has been plotted on Figure 3-5. 
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(One-Way Mbps) 
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Total Menale Service Demand 

Table 3-16 lists the total message service demand in one-way Mbps. 

Year 

1980 

1985 

1990 

1995 . 

Table 3~16 

Total Message S~rvice Demand 

(One-Way Mbps per Billion Dollars of GNP) 

Advanced 
Conventional Electronic 

TWX/Telex Facsimile Mall 

6.4 x 10-12 7.0 x 10-11 1.6 x 10-11 

3.2 x 10-12 1. 2 x 10-10 2.2 x 10-10 

9.4 x 10-13 1.e! x 10-10 8.3 x10-l0 

3.6 x 10-13 2.1 x 10-10 8.1 x 10-10 
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Total 

9.25 x 10-11 

~.4 x 10-10 

1.0 x 10-9 

1.02 x 10-9 
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3.4.2 Estimate 2! Comput{:tr Communication Service Demand 

Computer-reJated communications requirements oan be grouped into 

several oaterories u followsl 

Computer to Terminal Communic~"!.!.2!!! 

This Involves terminals of the interactive and remote batch type at speeds 
ranrfng up tev about 19.2 kbps. 

CPU to CPU Communications 

This catel'Ory Includes primarily transfers of data base contents from one 
central computer facility to another. 

Electronic Funds Transfer 

This includes both check clearing data trall5fers and credit card Initiated 
trar.afel's. 

Com[,)uter to ..Terminal CommuniC!".~:,Jlis 

The forecast of this segment of the computer-related requirements is 

based on several forecasts of the number of computer terminals in use in the next 

20 years. We hQve converted these values to.a traffic estimate based on a traUic 

production of 380 MB per terminal per year. This factor is a composite of data 

production for the several term inal types shown in the table. 

In converting to the data rate requirements we have employed the 

following factors: 

250 business days per year 

24 hours per day 

Peak factor of 4 (over 24 hours) 

Transmission efficiency of 70 percent, reflecting the use 
of advancetj packet network protocols 

The resulting total transmission requirement is shown in Figure 3-6. 
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It is interelU", to note that the total transmission requ!,rement does not 

chan .. greatly with time, althou,h the Intormation transfer increases substan., 
tially. This I. due to the ulumptlon that increal,. portions of the total tratflc 

are transmitted in the packet mode thus raising the total transmission efficiency. 

The etflclenoy ot transmlulon in a circuit switched mode is ,enerally less than 1 

perce\t, while the etticlency In the packet mode may be 50 percent. However, 

even If 90 percent of the traftlc 11 transmitted in the packet mode, the remaining 

10 percent of the trattlo with 1 peroent efficiency depresses the overall transmis­

alan efficiency. 

CPU to CPU Transmissions 

This component of the data ttansmlssion market Is quite dirticult to 

estimate ,fnce there Is very little of it In existence today. However, we have 

assumed that ultimately there wUl be a large fractLon at the terminal to CPU 

traffic that will require data base acce!!. In order to support this component, the 

data base contents must be transferred from one central computing facUity to 

another. The transters will be relatively le5:;; frequent than the accesses so the 

data trattlc generated by the data base transfers will be smaller than the trartlc 

generated by terminal to CPU communications. 

Another source for this type of traffic is distributed processing. We haVe! 

expressed this type of traffic as a fraction of the term inal to CPU traffic. Since 

this traffic 1I transferred without human intervention, the transmission efficiencies 

are hilher than in the terminal to CPU case. Table 3-17 shows the resulting 

transmmlon requirement. 
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Table 3-17 , 

CPU to CPU Traffic 
(per Billion Dollars of GNP) 

Year 
1980 1985 1990 1995 

Terminal to 
CPU Traffic 
(Ter.abits per Year) 333.3 618.4 909.4 1424.2 

Traffic Ratio tI.05 0.07 0 .. ,13 0.26 

CPU to CPU 
Traffia 
(Tel'abi ts per Year) 16.5 43.5 118.8 369.2 

Transmission 
Efficiency 4% 796 10% 1596 

One-Way Data 
Transmission 

7.6 x 10 .. 11 1.2 x 10-10 2.2 x 10-10 4.6 x 10-10 Requirement (Mbps) 

Electronic Funds Transfer (EFT) 

This portion of the market will be concerned primarily with the clearing­

house function for check handling and the growing volume of credit card initiated 

funds transfers. Most of the growth in t:-'is service will come from the gradual 

conversion to this method of transaction hl\ndling, since there are strong indica­

tions that the volume of transactions is reaching a saturation region with rather 

slow growth. The forecast from Reference 13 has been converted to a data rate 

requirement as shown in Table 3-18. The transmission efficiency is assumed to 

range from 10 percent to 30 r~rcent, since storage and data compression 

techniques can eliminate the inefficiencies caused by human interaction. 
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Table 3-18 

Transmission Requirements for EPT 

(per Billion Dollars ot GNP) 

Year 

1980 1985 1990 

Terabits per Year 1.6 x 10-12 9.4 x 10-12 

Transmission 
Efficiency (Percent) 10 15 20 

One-Way Data 
Transmission 
Requirement (Mbps) 2.8 x 10-12 7.1 x 10-12 8.8 x 10-12 

1995 

1.2 x 10-11 

30 

----"-----------------------------------------------------------------

!2!al Computer Communications Service Demand 

Table 3-hi ... ists the estimate total computer communications service 

demand In one-way Mbps. 

3.4.3 Narrowband Teleconferencing Service Deman~ 

Narrowband teleconferencing includes all th~ features of a video 

conferencing facility except video: 

High Quality Audio, Perhaps Stereopholtic 
High Quality, High Speed Fax 
Electronic Blackboard 
Character Mode Terminals 
Freeze Frame Television 

Conferencing facmties of this type will be constructed with transmission 

bandwidth requirements ranging from 19.2 kbps to 112 kbps, two way. 
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Year 

1980 

1985 

1990 

1995 

Table 3-19 

Total Computer Communications Service Demand 

(One-Way Mbps per Billion DoBars of GNP) 

Terminal 
to CPU CPU to CPU EFT Total 
Traffic Traffic Traffic Traffic 

3.1 x 10-9 7.6 n 10-11 2.,3 x 10-12 3.2 x 10-9 

2.3 x 10-9 1.1 x 10-10 7.1 x 10-12 2.4 x 10 -9 

202 x 10-9 2.2 x 10-10 8.8 x 10-12 2.4 x 10-9 

2.& x 10-9 4.5 x 10-10 7.4 x 10-12 3.1 x 10-9 

Transmission requirements for this type of traffic are presented in 

Table 3-2Q. 

Table 3-20 

Transmission ~e9uirements for Narrowband Conferencin..,i 

(per Billion Dollars of GNP) 

Year 

1980 1985 1990 

Tc!'abits per Year 

Image Mode .4 6.7 13.1 

Character Mode 0.04 .0& 

Freeze Frame TV 3.2 47.7 100.0 

Total 3.& 54.44 113.16 

Transmission Efficiency 

(Percent) 10 12.5 15 

Transmission 

Requirement (Mbps) 6.83 x 10-12 8.06 x 10-1~ 1.4 x 10-10 
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1995 

19.0 

0.3 

152.9 

172.2 

20 

1. 59 x 10-10 
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3.4.4 Data Porecut for World Model Regions 

In order to convert the preceding forecasts of data communications 

traftlc into specitlc forecasts for the various world model regions, we have 

postulated for each region a time varying conversion factor. This factor is a 

combination of the estimated traction of the traffic which will be carried via 

satellite, and an tlstlmated overall growth curve for this specific type of 'la'affic. 

Each world model region has its own particular time varying factor. 

Satellite Capture 

In any part1cu~ar region the percentage of traffic which will be 

carried on the satellite system will depend greatly on how well developed the 

terrestrial radio network is. In the U.S. for example an efficiant and complex 

terrestrial network is already in place. This results in a relatively low satellite 

capture ratio for services such as telephony and low speed data communications. 

Additionally, the terrestrial network in the United States is likely to undergo 

continuous improvement with the addition of facilities such as tiber optics links 

which will eventually capture a significant portion of even higher speed and wider 

bandwidth communications. A corresponding situation exist.s to a great extent in 

the developed countries such as the naUons of Europe., However in many of the 

areas of the world cllmatic~ geographical, or economic factors mi1it~tl! against the 

development of an efficient terrestrial network. In such areas, for instance most 

of Africa, communications are now relatively poor and the most rapid and 
economical improvement in communications quality will come from installation of 

satellite earth stations. In such areas the installation of advanced terrestrial 

communications systems such as long distance fiber optics links is highly unlikely 

for the foreseeable future. Therefore the percentage of traffic which will be 

carried via satellite will be quite high. In spite of this, we have remained 

conservative in our cl10iee of the ultimate satellite capture ratio. 
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growth of Communications Traffic 

The market demand particularly for iMovative services in a par­

ticular world model region will not depend solely on GNP. In many areas there will 

be delays often considerable in the introduction of some new services such as video 

conferencing or CPU to CPU data communications. This deiay is more properly an 

Illustration of the fact that introduction of new services is proportional to GNP per 

capita or GNP per square kilometer in a particular area rather than proportional 

til the total GNP. This is because these latter factors better reflect the actual 

state of development of a country and It is on this state of development that the 

Introduction of advanced services depends. This relationship is not necessarily a 

linear one, nor need It be time invariant. The desire of a country or region to 

advance Itself technologically and economically will be renected to some extent in 

its pursuit of advanced communications methods. This stems in part from the fact 

that the most likely source of industrialization is nations that are already highly 

industrialized. Since these countries are likely to already be using advanced 

communications techniques, trade with them will be e"han~ed by the adoption of 

these communications methods. 

No firm mathematical formulas tied directly to GNP or population 

figures are readily available for the two factors described ab01£'e. However the 

evidence presented by the growth patterns of various unrelated SYlitems and by the 

introduction of various products leads us to believe that this function combining 

SIltellite capture and the introduction of new services will have the form of the 

logistic or 8-shaped curve. Such a growth history is shown in Figure 3-7. 

Accordingly we have estimated th<: parameters of such a curve for each world 

model region. As shown in Figure 3-8, the combination of these growth relation­

ships with the data communications model proportional to GNP produces forecasts 

for the total satellite data communications requirements for the various world 

model zones. This composite forecast is sho" n in Table 3-21. 
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GROWTH OF DATA SERVICES 

68 

#4 Pi .• 

' ~ 
\1 

I 
1 
'1 

,1 
1 
'1 

'~ 

<l J, 

' j 
I 

'I 
j 

I 



P.Ji:~: ~ - -------- - - -/---- - -- -- ~- -- - ----- " .~ 

I 

Table 3-2:1 

New Data Transmission Requirements (Transponders) 

Mid-Year: 1980 1984 1988 1992 1996 2000 

North America 3 19 64 123 174 216 
Western Europe 0 2 42 164 246 291 
U.S.S.R. a a 1 6 36 82 
Eastern Europe 0 0 0 2 11 24 
Japan a 1 17 70 106 130 

a. Total Group I 4 22 124 365 573 749 
U) 

Latin America 0 0 0 4 24 60 
Middle East 0 0 0 1 6 41 
China 0 0 0 0 2 13 
Asia 0 0 0 0 3 19 
Africa 0 0 0 0 0 0 
Total Group II 0 0 1 5 35 138 

Others 0 0 0 1 5 9 

Total 4 22 125 371 613 89~ 
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S.5 Video Conferenclng 

Experimental video conferenclng systems have been in optIration in the 

U.S. and in other countries for some time, and experiments have been con.jucted to 

determine the value of video. It was found that for certain applications, audio 

supported by facsimile was adequate and that the additional value of video was 

Ju~ed small compared to the high cost of video transmission. Other users found 

that video made an important contribution to the communications process. 

11le main disadvantage of current systems is a lack of convenience. For 

example, if a suburban Washington user requires a conference with a client In Palo 

Alto, California, each party would incur 2 hours of automobile travel for the found 

trip to the conference room, perhaps with the inconvenience of rush hour city 

traffl.c and parking problems. This loss of time along with the high hourly rates 

make the value of video conferencing questionable, compared with the other 

alternatives of telephone conversations and long distance travel. 

In ord~r for video conferencing to become universally accepted, two 

developments are required: 

1. Video transmission costs must be reduced substantially. 

2. Conference rooms must be widely available without local travel. 

PSI predicts that both these developments will take place during the time 

period covered by the forecast, and that as a result the basic objections to video 

conferencing will be removed. It is clear that even then there will be a large 

percentage of business people who will dislike video conferencing and will try to 

avoid using it. The extensive use of video conferencing will need changed behavior 

patterns which will take time to establish. However, even if only a small 

percentage of the business community uses video conferencing, the need for very 

substantial new transmission facUlties will result. 
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Current technology permits the introducUon ot high capacity terrestrial 

and setellite communications systems which can reduce the costs for video 

transmiuion by s,t least one order of magnitude. The terrestrial solution fol" high 

capacity transmisiion (acllltiel Is fiber o~tics. The SB.tellite solution is the 

development of multi-beam satellites with multiple frequency reuse. A nation­

wide, high oapacity satellib ~lstem is easier and cheaper to introduce than a 

nationwide fiber optics system. Accordingly, we have based our systems develop­

ment sc-.nario on the early expansion of satellite facUities, but we expect that a 

terrestrial fiber optics ~ystem will follow in due course. 

Video conferencing demand for areas other than the U.S. was based on the 

U.S. forJ3cast. Figure 3-9 shows the growth of video conferencing in the U.S. 

model in terms of transponders per billion dollars of GNP, over the period 1980 to 

2000. Suitable delay factors were develo[)ed for the other world model regions. 

The vari:ltiona in growth of video conferencing were estimated as also shown In 

Figure 3··9. Table 3-22 show! the forecast for all the world model regions. 
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Table 3-22 

video Conferencing Require_ents 
I 
j 
1 

Mid-Year: 1980 1984 1988 1992 1996 2000 

North Aller~ca 1 26 1497 8025 11970 14190 

Western Europe 2 5 40 (76 5201 13188 

U.S.S.R. 1 1 1 3 12 88 

Eastern Europe 0 0 0 1 4 26 

Japan 1 2 17 287 2249 5159 

--1 Total Group I 6 34 1556 9991 19436 33250 
w 

Latin America 0 0 1 2 8 64 

Middle East 0 0 1 3 18 181 

China 0 0 0 1 2 7 

Asia 0 0 0 1 2 10 

Africa 0 0 0 0 0 0 

Total Gn.iup II 1 1 3 1 30 261 

Others 0 0 0 0 2 10 

Total 7 36 1558 899S 19468 33521 
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3.8 INTELSAT Traffic Por~ 

We have included I forecast for INTELSAT Intemationa! traffic which Is 

ba.d en the hlatory of INTELSAT and on the short range forecasts developed by 

the member nations of INTEU~AT. INTELSAT provides primarily telephony 

IIrvlces, and leased transponders and we expect this trend to continue, with more 

advanced servloes added slowly. 

The hlatorlcal and projected growth of international satellite traffic is 

shown in Figures 3-10 throua'h 3-12. The growth rates ar~ typical of those 

experl.,nced by a new service - Intially at a low level, then building to a peak, and 

later settllng,down to a moderate level as the system matures. This process Is 

illustrated In Ptgure 3-13, for INTELSAT Atlantic traffic. 

INTELSAT intern8U~nal tl'afiic is noW fi maturE service, with growth 

retes of approximately 15 to 17 ~ercent. per year. On this basis, we have 

extrapolated the historical data to yi'" " ':.he forecast shown in Table 3-23. 

Year 

1980 

1984 
1988 

1992 
1996 
2000 

Table 3-23 

Porecast of INTELSAT International Traffic 

(1'ransponders) 

Atlantic 
Region 

30 

52 
81 

120 

173 
248 

Indian 
Region 

11 

18 
27 
37 

49 
64 

114 

Pacific 
Region 

5 
8 

12 

16 

22 
30 

Total 

46 

78 
120 

173 

244 
342 
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3.7 Total Requirements 

Since there 11 still some uncertainty concerning the development of 

video teleconferencing systems, we have formulated ~wo fOf'eeasts from the 

prldceeding analysis. The low traffic model consists of the forecasts for telephony 

and data transmission. TIle high traffic model consists of the low traffic model 

with the video teleconferencing traffic added. Table 3-24 shows the total traffic 

tor the low traffic model, by world model region. Table 3-25 shows the addition of 

the teleconferencing demand to produce the high traffic model. 
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Table 3-26 shows the estimates of capacity requi.rements for TV 

distribution in the U.S. Formulating 6'Uch estimates fe!> the other areas of the 

world is more difficult. This is due primarily to the fact that TV programming and 

distribution iF a state-cont.rolled monopoly in most of the world. Thus, th\1 degree 

to which the latent demand for TV is satisfi.ed depends on policy decisions rather 

than market forces as in the U.S. Some evidence that this service may be 

o;JAgnificant is available from I~TELSAT transponder leases. In almost every case of 

a leased INTELSAT transponder, one of the first uses is for TV distribution. This 

indicates that the various administrations are interested in providing this type of 

service. 

Table 3-26 

.TV Distribution Requirements 

1980 

1990 

2000 

50 

200 

500 

We have not included these estimates in the totals because this type of 

service--point to mUltipoint-competes with the point to point services discussed 

previously for orbital locations. 
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SECTION 4 

TRANSITION TO ADVANCED SYSTEMS 

In organizing a forecast for future satellite systems, we find it helpful 

to indit!ate the likely course of transition from the systems of today. Even the 

most advanced of current and planned systems uses satellites of rather modest 

capacity. We have attempted in this section to outline the possible features that 

will characterize the growth from current systems to those using 30/20 GHz, on­

board switching, and other technologies now under study. 

4.1 Transition Scenario 

Previous reports for NASA have st"essed the use of, highly-advanced 

technology for communications satellites. Such spacecraft are based on the use of 

multiple spot beams of about 1 to 2 degnHL dit> meter. The multiplicity of beams 

requires on-board switching. Considerable technology development would be 

required before such a satellite would be feasible. We found it desirable to 

formulate a somewhat less ambitious design concept for this study. Some general 

observations are in order Defore treating th;;a actusl design bounds. 

'ht'st, we feel that U.S. rnanu:acturers will likely set. the pace for 

satellite communications in the next 20 years, because of several factors. The U.S. 

market is the most advanced and demanding one in the world today, and is likely to 

remain so for the ne.ar future. Thus, the U.S. '3atellites win adopt state-of-the-art 

meflSUl'es to increase capacity. The U.S. manufacturers also employ an agressive 

sales force, and have a good track record of reliable spac.ecraft. In Europ(', 

political considerations will probably prevail, but elsewhere, the U.S. has excellent 

chances, as witness ANIK, PALAPA, all INTELSAT satellites so far. U.S. 

companies also provide off-the-shelf satellite busses, which can reduce develop­

ment costs considerably. 
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Second, curr.ent NASA programs and the availability of the Shuttle will 

encourage U.S. companies to employ present and near-term technology to develop a 

Shuttle-fitted spacecraft of Increased capa(!t.ty. An addltionallncfmti'/e to the use 

of higher frequencies Is the llvely market "01' CATV transponders at C-band. While 

we teel that current C-band polnt-to-point users will not allow themselves to be 

pushed out (duE: to the high value of their alre~ frequency coordinated sites), the 

growth in demand win have to be mostly satisfied at the higher frequencies. Thus, 

we expect to see moderate use~ot multl-beam antennas, with perhaps four area 

beams covertng the U.S. at C-bMd, and a number of spot beams at Ku-band for the 

major cities. Additional transmit power wUl be available, but no large and complex 

switch~, arrangements will be used in space, In the near term. 

Third, based on NASA estimates, commt:relal Ka-band satellites will be 

availaN4! around 1991. We also estimate that a substantial advance In on-board 

switching will be feasible at this time. This will result in a step-function increase 

in available capacity, which wlll occur Just about in time to alleviate a real 

shci'tage of transmission capacity. 

Plgure 4-1 illustrates· the assumed transition scenario and its relation-. 
ship to the historical development of satellite communications. ~ trend line has 

been drawn In, not to show a fitted curve, but rather to focus on the growth pattern 

and the scatter of the data points. Even now, with several forecasts of rapidly 

expanding demand published, we find plans being made for satellites of quite low 

capability. 

Due in part to this factor, we have taken a somewhat conservative view 

of the growth of satellite c.apacity. This is shown in ~iguro 4-1, where we indicate 

that the average capacity will grow to about 100 transponders by the year 2000, if 

the use of K&-band Is pre~luded. Other assumptions of frequency availability are 

shown in Table 4-1. 
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Table 4-1 --
Frequency Band Assignments 

Uplink Band Downlink Band Available Equivalent Number 
MHz MHz Bandwidth MHz or Transponders 

5,925-8,725 3,400-4,200 800/1 ,600· 20/40-

12,750-13,250 
14,OOC-14,~,OO .u, ZOO-12, 200 1,000/2,000- 24/48-

27,~00-30,OOO 17,700-20,200 2,500 60 

TOTAL 4,300 104 

·Dual polarb;l.tlon is used in ~ome beams at these frequencies, thus doubling t~'e 
available bandwidths and number of equivAlent transponders. 

Region 

North America 

Western Europe 

Japan 

Latin America 

Middle East 

China 

Asia 

Atric.1 

Table 4-2 

Saturation at Lower Frequencies 

(C-band and Kll-band) 

Saturation Dates 

Low Traffic 
(No Video Conferencing) 

-
1999 

-
• 
-
• 
• 

-

High Traffic 
(Includes '{ideo Con!erencing 

1989 

1991 

1994 

-
• 
• 

-
--------------~--------. --------------

- - atter the year 2000. 
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WARe 19'19 Nt the allocation for the frequency band covertng 10.7 

OHz to 11.'1 OHz u international use only. We have usumed that one-half of this, 

or ~OO MHz, wlll become available for domestic Ule. At best, all 1000 MHz would 

be available, and there', a poulblUty that none will be allocated. We have chosen 

8 middle course. 

Bued on the above scenario, Table 4-2 shows the probable time at 

which the lower frequency bands (4/6 and 12/14) would become I8turated in each of 

the world model zones. This is the lcdest time that the use of 30/20 GHz and -
additional technology advances would be needed to satisfy demand. Due to the 

length of the plannfng/ptocurement cycle, &nd the life of satellites already in orbit, 

plaMing and construction of more advanced satellites should begin well before 

saturation is imminent. 

4.2 Required Capacity Per Orbital ~!2! 

In Section 3, we developed a traffic model for the period 1980-20ll0. 

This model results in total required capacity per world model region. The coverage 
arc of the various world model regions varie!j; [n some cas,s there is some overlap, 

,nd some reuse of the orbit is available. The coverage arcs are shown in Figures 4-

2 through 4-4. In Table 4-3 we b·· .. re Usted the estimated number of orbital slots 

available to each r .. on; this Is based on satellite spacing of 4 degrees, and the usc 

of some slots tor TV distribution. This latter service competes with point-to-point 

services for the use ot the orbit, and hence reduces the numbElr of slots available. 

With the number of slots specified, and the trafnc as a function of 

time, it is simple to determine the av~rage required capacity per slot. This is 

shown in Figures 4-5 through 4-8. Several things are appa~~ent trom these figures. 
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Table 4-3 

Number of Orbital Slots Available to Specific Reilo!!! 

Reglon 

Norj, Americk 

Latin Amer;ca 

West Europe 

U.S.S.R. 

East Hurope 

Middle East 

Africa 

China 

Asia 

Japan 

92 

Orbital Slots 

19 

32 

22 

27 

22 

40 

37 

18 

45 

23 

j 
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1) Por mo't "r the world model regions, satellites of relatively 

modest capacity will do quite well. 

2) All of the higher traffic areas also correspond to regtuns where 

Ifjqrraphioal density of traffic Is also quite high - for example, Europe, and Japan. 

Generally speaking, the Equatorial regiOns, which have the most visible 

arc, also have the IONest traffic. Conversely, the developed f'lations, which have 

the higher levels of traffic, have the least visible arc by virtue of their more 

Northerly locations. 

In formulating the traffic model, we made some conservative asSUI.lp­

tions concerning the percent of total traffic which would be carried via satellite. 

In many instances, there are reasons to think that the actual figures will be higher. 

In the U.S., for example, we have used an 896 capture by satellite; in previous 

studies for NASA Lewis, figures as high as 12% wel'e u.'Sed f,')r telephony. 

In the less develop(;d countries, we have used capture percentages ot up 

to 25%. Because of the lack of terrestrial facilities and the rele,tively difficult 

installation problems that such links present,u much as 100% of long distaMe 

traffic could be carried on satellites in some developing nations. This is especially 

likely if low cost space segment and simple, inexpensive eS.rth stations become 

widely available. In regions which consist mostly of islands; or where the 

population centers are separated by desert or jungle, satellite communications is 

certainly the best technique. 
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SECTION 5 

SYSTEMS CONFIGURATIONS WITHOUT 30/20 GIiZ 

5.1 Baoklround 

In the previoua aection, the disousslon of the transition soenario noted 

that the ntieded technology for high capacity satellites using 30/20 GHz would not 

be available until about 1990 or 1991, because ot the dependenoe of such 

technolOl'Y upon current and planned development programs at NASA. 11he 

technology will have to be demoll$trated and then implemented commercially. 

Based on this assumption, we have postulated the use of conventional satellites 

until 1990, and ~t that point, have assumed the possible use of advanced multi­

beali SflteUltes with 30/20 OHz technology. 

This section considers the design and analysis of lIlystems which do not 

use 30/20 OHzo The development is as follows: first the needed \~apacity per 

orbital slot is determined from the traffic model. Next, satellites are configured 

to satiSlty this traffic. A deployment sc.hedule 13 postulated, and the efficiency of 

o,'bital utilization is determined. Lutly, the ground segment is treated, and 

overall system costs are estimated. This results In factors that can be con­

veniently compared with the results to be obtained inSp-ction 6, Systems 

Configurations Using 30/20 GHz. 

5.2 Space Segment Configurations Without 30/20 GHz 

In this section, and also in Section 6, we essentially ignore the period 

before 1990. During this time, 30/20 GHz technology will not be commercie.lly 

available, therefore, costs WId scenarios for this time would be the same regardless 

of whether 30/20 GHz is eventually available or not. 
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5.2.1 Q,enera! !l1 acecraft Constraints 

Durlna€ the period aft.r 1990, we &SIume that the Space Shuttle will be 

available one routine bull tor launches of satellltes worldwide. This imDUes that 

the current wel"ht, power, and size constraints which hamper the development of 

spacecraft wlll be alleviated. We anticipate the advent of 18.l1'e satellites, using 

multiple spot beam. for contiguOUtscoverage, and having greatly improved trans­

mission characteristics. Maximum size, weight, and power characteristics for 

these satellites are shown In Table 5-1. 

Table 5-1 

Size and Weight of 

Advanced satellites 

~ize Charaaterlst,!£! 

Fits in orbiter bay along with transfer vehicle 

Typical Lenith 

Typical Diameter 

undeployed 

deployed 

~, 

9 meters 

4.5 meters 

25 meters 

Approx. 4;400 kg at BOL (maximum) 

Prime Power 

Up to 11 kw at EOL 
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5.2.2 ImpltcaUona2! £!p{J;~!!l !!9~lrement. 

The capacity requlremenh calcuJatCld previously have implications 

bearl", on the .. teUlte capacity whbh il plaMed. The satellite lifetime mUit also 

be taken Into account. Typical .. tellite. of the 1990's will have a design Ufe of 10 

ye.l'I. The capacity of • apac~cr.ft mould be adequate to carry the required 

traffic at the !!!.4 of lIf., and not m4Srely at the berinninr- This means that the 
capacity needed per Ilot In the year 2000 wlll dictate some of the characteri.tics 
of satellites launched u early as 1990. 

5.2.3 Cover.1 ,atterns and Capacity Estimates 

The multlple-beam coverage pattern requirea the frequen"" bands be 

divided t"to three parts. This ensures that adjacent beams do not U(,_ the same 
freqt';-;(! l't, lies. We have based our ealculations of the achievable capacity on the 

frequency bandw~dth. shown in Table 5-2. The 1979 WARC made some changes in 

allocations for fixed .. telllte services, among them the addition ot 1,000 MHz at 

Ku-band. This addition has been earmarlted for international service; we have 
INUmed that pressure. from the various administrations will make 500 MHz Qf this 

available for domestic and r.lonal services. 

FIgures 5-1 through 5-3 show the "overage patterns we have postulatsd 

for the various world model regions. These coverages were bated primarily on the 

estimates of ne~ded capacity pel' slot, and were designed to provide at least that 

capaCity, if possible. Naturally, the coveragE;s shown here are only for the two 

lower frequency bands. In some areas, such as Western Europe, coverage at C-band 
was not considered possible due to the dense terrestrial microwave system. Table 
5-3 shows the capacity per satellite for the given time frame. 

5.',4 Implementatlcm Sehedllie 

With the spacecraft charactet"istics determined, arld the traffic speci­

fied, it 11 possible to develop an implementation sched\lle for the satellites. This 

wlll vary from region to region, according to the traffic growth. 
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Uplink Band 
MHz 

5,925-6,725 

12,750-13,250 
14,000-14}500 

27 , 500-30 ~ 000 

TOTAL 

Table 5-2 

FreguenQY Ba~d Auilnment 

Downlink Band 
MHz 

3,400-4,200 

11,200-12,200 

17,700-20,200 

Available 
Bandwidth 

MHz 

800/1 ,600-

1,000/2,000-

2,500 

4y301) 

Equivalent 
Number or 

Transponders 

24/48-

60 

101 

-Dual pol&ri!utlon is used In some beams at these trequenQielJ, thus doubling the 
availabl61 bsndwidths and number ot equivalent tre,nsponders. 

Table 5-3 

Rei!0nal Satellite Ca,2,acities 

Without Ka-band 

(Transponders) 

Region 1983-1989 1990-2000 

Western Europe 24 120 

Japan 64 160 

Latin America 64 64 

Middle East 64 64 

Atrica 64 64 

China 64 84 

Asia 64 64 
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We have plotted the Implementation schedules and the rel$ulting capa­

city 1n orbit 81 a function of time for Western Europe, Japan, and Africa. These 

are shown In Figures 5-4 through 5-8. The first two regions are typiCal of hlgh­

traff1c-cSenslty areas, while Atrlca is typical of the low-traffic areas. We used a 

computer system model, which attempts to satisfy the traffic demand by launching 

satellltes as needed. Launches will occur six months before the traffic demand 

exceedl in-orbit capacity. The computer model also allows a number of satellites 

to be laLlnahed at once. The capacity per satellite Is specified as an input; 

ditferent 118iellites becom~ available at various times. As long as there are enough 

orbital slots, the program will maintain the in-orbit capacity at a level equal to or 

greater than the traffic demand specified. 

5.3 Orbit UtiUzatlon, 

The scenario just postulated for satellite systems g~'owth is perhaps not 

the mOlt eiiicl,mt one from the orbit use standpoint, since the satellite sizing is 

done on the bas1s of filling the orbital slots available. There are obvioL!~ 

advantages to be gained from larger satellites. These will be considered If!ter, 

when the question of system costs is addressed. At the moment, we will satisfy 

ourselves with the data in Tables 5-4 and 5-5 which show the' effects of the 

postulated systems, and the effects of satellites of current capacity as well. 
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Table 5-4 
Orbital Slot Fill Factors for Low 

Traffic Scenarios Without Ka-band 
(Percent) 

Wester ... Latin Mlddlt:! 
Year Europe Japan America East Africa China Asia 

1983 45 d 3 3 3 6 2 
1984 55 13 3 3 3 6 2 

1985 64 13 6 3 3 6 2 
1986 73 17 6 3 3 6 2 
1987 82 17 6 3 3 6 4 
1988 95 22 9 3 3 6 4 
1989 100 30 9 3 5 6 4 

1990 68 22 13 3 3 6 4 I 
1991 68 22 13 3 3 6 7 

~ 1992 64 26 16 3 3 f? 7 j 

1993 59 22 19 :> :3 I) 11 1 

1994 50 22 22 5 3 6 9 

1995 45 22 25 5 3 6 11 
1996 50 13 31 8 5 11 16 
1997 50 13 31 8 5 6 16 
1998 55 13 34 8 5 11 18 
1999 73 13 38 10 5 11 20 

2000 73 _<J 38 10 5 11 22 I 
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Table 5-5 

Orbital Slot FlU Factors (or 

Hilh Traffic Scenarios Without Ka-band 
'< 

(Percent) 

Western Latin Middle 
Year Eu!ope Japan America East Africa China Asia 

1983 45 13 3 3 3 6 2 
1984 55 13 3 3 3 6 2 

1985 64 13 6 3 3 6 2 
1986 77 17 6 3 3 6 2 
1987 91 17 6 3 3 6 4 
1988 100 22 9 3 3 6 4 
1989 100 39 9 3 5 6 4 

1990 77 30 13 3 3 6 4 
1991 91 35 13 3 3 6 7 
1992 100 43 16 5 3 6 7 
1993 100 52 19 5 3 6 11 
1994 100 70 22 5 3 6 9 

1995 100 87 25 5 3 6 11 
1996 100 100 31 10 5 11 16 
1997 100 100 31 8 5 11 16 
1998 100 100 34 10 5 11 18 
1999 100 100 41 15 5 11 20 

2000 100 100 41 18 5 11 22 
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5.4 !d!!l~J~udlets 

In order to estimate earth station costs, approximate link anaJysi~ is 

needed to ~Ize the power amplifier and determine the required O/T performance. 

Wo have used antenna diameters which we feel to be typical lmd noise perform­

ance at C- and Ku-band which can be supported from current technology. 

Table 5-6 shows a nolse budget for digital transmissions which we 

assume will carry the largest portion of the trafflc. Tables 5-7 through 5-8 show 

typical link t-udgeta for 120 Mbps and 6.3 Mbps. transmissions. Modulation in all 

cases is assumed to be 4-phase PSK. Rate 7/8 error coding is also used. 

The transponder EIRP has been selected for successful multi-carrier 

operation, therefore, the link shows additional margin when used in the single-

carrier mode. 

Table 5-6 

Noise Budget 

(Without System Margin) 

Theoretical Eb/N 0 for uncoded 4-phase PSK 

at a bit error rat(' of 10-
4 

Modem imph;mentation mar~in 

11" tersymbol distortion 
Coding gain for rate 7/8 forward error control coding 

Practical ~/No for 4'-phase PSK with rate 7/8 

coding at a bit error rate of 10-
4 

Bandwldth-to-baud "atio 
Carrier-to-noise ratio in the receiving bandwidth 

for a bit error rate of 10-
4 

Up'link carrier-to-noise ratio 

Downlink (!~frier-to-noise ratio 

Adjaco: .. t beam carrier-to-noise ratio 

Other interferenee carrier-to-noise ratio 
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8.8 dB 

1.0 dB 

3.0 dB 

2.4 dB 

10.2 dB 

1.12 

12.7 dB 

20 dB 

15 dB 

20 dB 

25 dB 
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Table 5-7 

Sample Transmlulon Link Budgets tor a 6.3 Mbpl!,PSK Carrier 

(Per Carrier) 

Downlink 

-,-
Frequency Band, 0 Hz 

4/6 11/14 

Transmit EIRP 
(Per Carrier) dBW 30.5 41.5 

Pree spa~e path loss at 
30 degree elevation dB 196 205 

TransnHlSlon link margin dB 3 10 

Minimum nux density at the 
dBW/m 2 surface ot the earth -136 

Earth station anten·M diameter m 4.5 4.5 

Earth station antenna gain dB 43 52 

Receive system noise 
OK temperature 155 385 

Earth station G IT dBfK 21 26 

Receive nolae bandwidth MHz 4.1 4.1 

Downlink corrier-to-nol!2 ratio dB 15 15 
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Tabl. 5-7.jContinued} 

Sample Transml .. ion Link Bu5tcets .fora 6.3. Mbps PSK Carrier 

(Per Carrier) 

Barth station transmit power 
(per catrier) 

Line losses 

Antenna diameter 

AnteMa Gain 

Earth station transmit EIRP 

Free IZpace pa th loss 
30 degree elevation 

Transm Iss ion link margin 

Flux density at the satellite 

Satellit, G/T 

Receive noise bandwidth 

Uplink carrier-ta-nolse ratio 

UpI1nk 

Watts 

dBW 

dB 

m 

dB 

dBW 

dB 

dB 

dBW/m 2 

dB/OK 

MHz 

dB 

£l'requancy Bandt G Hz 

4ib 11/14 

40 160 

16 22 

1.0 1.0 

4.5 4.5 

46 54 

61 75 

200 207 

3 10 

-105 -98 

0 0 

4.1. 4.1 

20 20 

---~----------,,,.~.--------------
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Table 5-8 
Sample Transmi •• ion Link Budcets (or a 1.20 Mbps PSK Carrier 

,lli>wnllnk 

Frequency Band, GHz 
4/6 11/14 

Minimum transmit EIRP dOW 45 56 

Free space pa th loss at 
30 degree elevation dB 196 205 

Transmission link margin dB 5 12 

Min.lmum nux density at the 
dBW/m 2 surface of the earth -122 -118 

Earth station e.lltEnna dlumeter m 4.5 4.5 

Earth station antenna gain dB 43 52 

Receive system noise temperature K 155 385 

Earth station G/T dB/K 21 26 

Receive noise bandwidth MHz 72 7Z 

Downlink carrier-to-noise ratio dB 15 15 
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Table 5-8, (Continued) 

Sample TranamllSion Link Budlets tor a 120 Mbps PSK Carrier 

Uplink 

Frequency Band, G Hz 
4/8 11/14 

Earth station transmit RP power Watts 630 2,500 

dBW 28 34 

L ina losses dB 1.0 1.0 

Antenna diameter m 4.5 4.5 

Antenna gain dB 46 54 

Earth station transmit EIRP dBW 73 8'1 

Free space path loss at 
30 degree f'ileva tion dB 200 207 

Tranam is.'ii-on Unk margin dB 3 10 

Flux density at the satellite dBW/m2 -93 -86 

Satellite a/T dB/K 0 0 
I 

Receive noiRe bandwidth MHz 72 72 

Uplink carrier-to-noise ratio dB 20 20 

---
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&.5 Typical Satellite Weight and ~ower BUdiets 

In order to limpUty the analysis somewhat, we have polltulated two 

,eneraJ satellite typel' one which provides area coverage, with modest capacity 

per satellite, and a aecond, one which uses more advanced technology to provide 

multiple spot beams lind service to high traffic density regions. The basic 

complexity of the apacecraft bus Is quite different for the two designs. In order to 

a~oid the question of specific design features, which are not readily predictable, 

we have inc.llJded approximate allowances for antennas and communicat~ons elee­

tronics. The resulting weight and power budgets are shown in Table 5-9. 

5.6 Space Segment Costs 

Using the weight and power budgets developed previously, we have 

estimated costs tor the spacecraft using the SAMSO model. This is a well­

established model based on a curve-fit of a large number of satellkte designs, with 

realistic cost figures. The main reservation involved in its use is the possible 

errors caused by satellite weight and power outside the range of the basic data. At 

present, no better model is available to us. The cost estimates are shown in Table 

5-10 along with launch costs. 
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Table 5-9 

I ' Satellites Without 30/20 GHz 
~- .--

I, 
Sa te Ui te Type 

Item 1 2 3 

~ \ Multiple 
Coverqe Type Area Area Spot Beilm 

Approximate Capacity 
in 36 MHz Transponders 24 64 120-160 

Design Life, years 7 7 10 

Ma~ 

Communications System 100 270 650 
TT&:C 20 30 50 
Elec trlcal Power 150 300 450 
Attir.ude Control 125 330 450 
Struc!ture/Thermal Control 150 400 500 

Total 545 1,330 2,100 

Power (Watts) 

EOL 1,150 2,000 3,000 
BOL 1,450 2,500 4,200 
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Table 5-10 

Coats tor Satellites Without 30/20 GHz 

(Costa In Millions of 1980 Dollars) 

Item 

Praction of STS Used 

Upper Stage Used 

Satellite 

Development Cost 
Per-Unit Cost 

Launch 

Shuttle Cost 
Upper Stage Cost 

Total per Satellite 
in Orbit 

1 

1/4 

IUS 

40 
15 

10 
14 

39 

5.7 Earth Station Configurations 

Satellite Type 
2 

1/2 

IUS 

60 
32 

20 
16 

68 

3 

1 

IUS 

82 
53 

30 
18 

101 

Satellites of tho kind considered here will provide improvements in 

transmission parameters, thus enabling the average earth station size to be 

reduced. We expect that many of the newer earth stations installed in the future 

will be smaller than 7 meters antenna diameter. The power amplifiers 

required and the low noise amplifiers needed will both become less expensive. 

Earth stat~on baseband and switching equipment will not decrease in 

cost very much due tc.. the limited interconnection capability of these satellites. 

Smaller earth stations carrying a limited amount of traffic can be e:cpected to be 

of simple, inexpensive design, however. 
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In the developed nations, the use of C-band will be severely curtailed 

due to frequenay aoordinatlon problems. C-band stations Installed in Western 

Europe, for example, would be very diffiault to alear, because the terrestrial 

network is so dense there. A similar situation exists in and around major cities in 

the U.S. although there are many rural areas where slUng Is not a problem. 

The situation at Ku-band is less aritical, although there are many Ku­

band micl'owBVei links both in the U.S. and in Western Europe. In the less developed 

countries, both frequency bands are pretty much unused, and preference will be 

given to the use of C-band. This is mainly due to the lower margin needed and the 

more mature technology available. 

5.7.1 Satellite-Switched TDMA Earth Stations 

The terminal equipment for a typical satellite-switched TDMA 

(SS/TDMA) earth station consists of the following SUbsystems: 

Mux/demux 

Common control equipment 

QPSK modem 

A functional block diagram for this type of station is shown in Figure 5-

9 and a brief discussion o( the terminal equipment subsections (ollows. 

121 

l 
j 
j 

.:l 



-'I -------------f.,l.i. . II' · -. 
I 
j 

! 

(COMIIINER 

,~ 

.. 
CONVERTER 

! -- -- -- -- .. --_.,. 
~~ r-<1"' f- CODER f-- -..x 

I 
II 

! 
r. 
l­II 

.... 
~ 
~ 

vi I .... XMIT 
TIME 

I SLOT 
ACQ 

l 
I ,\1 I I 

RCV ,,. T .. E 
SLOT 
ACQ 

I 
DOWN 

CONVERTER I OPSK 
DEMODULATOR 

~ 

BASIC 
FRONT END -

t~ 
I I 
I 

TERMINAL 

~MENT 

f T 
XMlTTIMING 
CONTROl. 

BURST 
PREAMBLE 

..... SYNCHR 
GENERATOR 

REClEIVED 
UNIQUE jDATAT .. 1NG 
WORD 

DETlCrOR 

t 
RECEIVE TIMING CONTROL 

f I 1 

~ DECODER ~ DRlUX 

DESCRAMBLER 

Figure 5-9 

TYPICAL SS/TDMA EARTH STATION 
(Functional Block Diagram) 

-;-

~ AID f-- MAU)QVOIC@ 

~ 

IIUX .... 
, ....... 
1.3 .... 

1.3-.. 

, ........ 
DEMUX ...... 

... DlA -- ANALOG ¥OIC£ 

',~_,_< __ ._".~~~,7"~,~J_ _~ __ ~ _____ ~_,L!_a:tttt~~-___ !;Ie{ t-~ "# .... ["$ *"'0/0& $ '! 'rl"'?!::. 'j "k 'h
l sa b 

~~~ 

j 

1 



".. - f 

I, 

... ' ·--··----:J""rf·,....-----

The tirst multiplexing process accepts traffic consisting of analog voice 

and digital bit streams at retes of 84 kbps, 1.544 Mbps and 6.3 Mbps and combines 

this traffic into a single digital bit stream at a slgnitlcantly higher rate. The 

second multiplexer provides compression buftering tor the continous-to-burst rate 

conversion, as well as transmit burst timing control via network memories. The 

first demulUplexing process provides the reciprocal functions of receive bur'St 

timing control and burst-to-continuous rate conversion. The second demultiplexer 

accepts the continuous single digital bit stream and breaks it down into separate 

traffic OUtputs consisting ot analog voice and bit streams at rates of 64 kbps, 1.544-

Mbps, and 6.3 Mbps. 

The common control equipment performs functions associated with the 

estabUshment and mainter.ance ot frame synchronization, as well as the treatment 

of data in order to obtain improved system performance. This eqUipment consists 

of five main parts: 

Burst synchronizer and time slot acqUisition unit 

Preamble generator 

Unique word detector 

Scrambler/descrambler 

Forward acting error 10rrection codec 

The burst synchronizer and associated time slot acquisition unit per­

form the function of acquisition and steady state synchronization of burst transmis­

sions from the earth station so that no TDMA burst overlapping occurs at any time. 

The preamble generator assembles the overhead bits which are inserted prior to the 

encoded and scrambled data from the second multiplexer. It is turned on and off 

by a timing pulse from the multiplexer which is, in tum, controlled by data loaded 

into its network plan memory. 111e time referen~e for the multiplexer is furnished 

by the burst synchronizer. The unique word detector monitors the Incoming data 

!Jurst to identity the unique words which precede actual data transmission. The 

scrambler/descrambler is included in the system to make the transmitted data 

stream more random in content, thereby avoiding the generation of high power 

discrete spectral lines in the transmitted RF spectrum. The forward acting error 

correction codec provides for improvement in the bit error rate performance. 
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The QPSK modem performs reciprocal functions. It accepts a burl ted 

data stream and modulate. this Information onto a suitable IF carrier using 
quadrature phue shift keyl",. Alternately, It can take a QPSK modulated 
lpectrum and produce a bursted data stream output. 

5.'1.2 Multiple !::! Carrier .!!!i ~ Stations 

The terminal equipment for a typical multiple T-2 carrier PSK earth 

station consists of the following subsystems: 

Mux/demux 
Cadec 
QPSK modem 

Carrier combiner and divider networks 

A functional block diagram for this type of. station is shown in Figure 5-

10, and a brief discussion of the terminal. equipment is given below. 

The multiplexer accepts traffic consisting of analog voice and digital 

bit streams at rates of 64 ~bps, 1.544 Mbps, and 6.3 Mbps and combines this traffic 

into fl single digital bit stream at a higher data rate. The demultiplexer provides 

the reciproenl function. 

The codec provides forward acting: error correction coding to the 

outgoing data stream and uses such coding to improve the BER of the incoming 

data stream. 

The QPSK modem performs reciprocal functions. It accepts a data 

stream and modulates this information onto a suitable IF carrier USing quadrature 
phase shift keying. Alternately, it can take a QPSK modulated spectrum and 

provide a continuous data stream output. 

The combiner network frequency multiplexes the several carri~rs 

before up-eonversion and power amplification. The divider de multiplexes the 

oarrlers before further processing upon reception. 
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5.'1.3 'Il\ln-Rout. Earth Stations - -----~ 

FleUres 5-11 and 5-12 &how typical block diagrams of thin-route SCPC 

earth stations. Figure 5-11 mows. demand-assigned station, similar L, concept to 

stations in the SPADE system. Such a system provides efficient utilization of the 

tpace segment. While this we of dernand-assiped system was designed for global 

cover.e use, oomplete oonneotivity with a multi-beam satellite could be achieved 

by sufficient frequenoy fa.e to permit tranlPOndef hopping. :n order to be 

effiCient, a large pool of SCPC ~tatlons YJould need to access the system. m the 

diagram shown, the frequency assignment flexlbiUty is provided in the channel 

units. Assignment control is generally by means of a separate signalling channel. 

Figure 5-12 illustrates a simple bush-radio station. This would be used 

in an SCPC system lIsing fixed assignment transmit frequencies, selectable receive 

frequencies. 

5.8 Earth Station Cost Estimates 

Typical earth station costs are shown in Table 5-11. AU costs are for 

equipment only. An operational station must include, for example, installation, 

transportation, integration, documentation, and spares. Our economic model has 

assumed a factor of 40 per\!ent of the equipment costs to account for these 

addi tional cost Jt~ms. 
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-
Item 

Front En.js 

Antenna System 

4/H GHz 

11/14 GHz 

RF Equipment 

4/11 GHz 

11/14 GHz 

Terminal Equipment 

Mux/Demux 

Totala 

4/6 GHz 

It/14 GHz 

• __ ~~_'._· ____ R _____ • ________ ~ .. 

Table 5-11 

Ty21ca~ Earth Station Costs in 1990 

(Thousands of 1980 Dollars) 

(Moderate Quantity) 

Station Types 

Bush SCPC/ Mul tI-Carrler 
Radio DAMA PSK 

1(; 12 18 

12 15 24 

5 6 10 

6 7 12 

3 6 30 

3 18 

18 27 76 

21 31 84 
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SS;TDMA 

18 

24 

24 

47 

59 

4 

105 

134 

, 
.j 

_J 

I 
1 
J 

j 



I 
I 

• I 
I 

I 

SECTION 6 

SYSTEMS CONFIGURATIONS USING 30/20 GHZ 

In the previous section, we considered various systems which did not 

make use of the 30/20 GHz frequency bandl:f. In many of the world regions, the 

lower bands are adequate to fW the needs put the year 2000. In the developed 

r.ions, notably North America, Europe and Japan, however, t}I,e lower ban,js will 

become saturated before 2000 even wiU. advanced multl-beam technology. This is 

perhaps the mOlt imperative reason for the use of 30/20. 

There are other considerations, howevC!!r. In some regions, frequency 

coordination may not be avallBble at C-band and possibly even at Ku-band, thus 

leading to a requirement for 30/20 GHz to serve these places. An economic 

analysis indicates that significant economies of scale are available with the use of 

higher capacity satellites; one simple method to expand capacity is the addition of 

30/200Hz. 

SatelUte systems utUizing 30/20 GHz will be commercially available by 

about 1990, Judging from NASA schedules. We estimate that as a result (If this and 

other programs, a major increase in spacecraft capacity will be avaUable at that 

time. In formulating th,! system configurations In this section, we have assumed 

the US\; .>f this incre.ed capacity where desirable. 

6.1 Space S~ment Configurations 

The general ~piicecraft constraints in this section will be identical to 

those in tte previous section. The largest satellite we consider will fit along with a 

transfer vehicle in the Shuttie orbiter cargo bay. Antennas up to 6 meters in 

diameter will be available. M!Jltiple bear;, coverage and on-board switching will 

also be part of the technology base. 
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6.1.1 Coverage Patterns 

!<'lgures 6-1 through 6-3 show the postulated coverage patterns Cor the 

world model zones. The coverages have been kept similar to those ot Section 5, but 

Ka-band has been added. Table 6-1 shows the capacity for each satellite. 

6.1.2 Implementation Schedule 

Impementation schedules Cor three world regions are shown in Figures 

6-4 through 6-8. In order to keep the system cost low, 8 fairly close match to the 

traffic requirements has been attempted. However, in the case of some of the 

lower traffic regions, larger satellites, have been used to keep the number of 

launches down and galn some economy of scale. 

I~0gion 

Western Europe 

Japan 

LlJltin America. 

Middle East 

Africa 

China 

Asia 

Table 6-1 

Regional Satellite Capacities With I..:a-Band 

(Tral"..:;ponders) 

1983-1989 

24-

6~ 

64 

64 

64 

64 

64 

"C4:>and assumed not available due to frequency coordination problems. 
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1990-2000 

430· 

315 

126 

126 

126 

126 

126 

I. 

1 

I 
1 
l 

J 



I 

132 

N
 

:z:: 
o o N

 
.... o C

') 

f/) 
::;) 
..J 
Q

. 

o Z
 

<
 

CJ) 

~ 

ed 



r' ;), .. :, . 

~,A.~, 

.... 
w 
w 

..$ __ .< ~_.,~..," " ___ .~~"'.: '¥ . . ____ ~_,.~"'~~ ..... :..~,,c.,' -'..~' ...... _ 

Figure 6-2 

INDIAN OCEAN COVERAGE 

7 

~_ C-BAND DUAL POLARIZATION 
~ PLUS Ku-BAND AND 30/20 GHz 

--.,. 

, 

I 
1 
I 

;i 

j 
1 - , 
1 
j 

»0 J 
.. .....,.ttrtwoft ... ' e k

,# .... ,....,."""-~ .• _.L""'.,. __ ...ll,~ ... .,t<b ".Itt tid ant t )its d=, t+::ntt"" $-* r_~"",~ Me 1reeMe~ ':OP'" X" 



J 
~ 

, 
~. , 

".~ 

~. 

~ 

w 
,co. 

BEAM SIZE=O.O· 

Figure 6-3 

PACIFIC OCEAN COVERAGE 

"'_.-

~- C-BAND DUAL POLARIZATION 
PLUS Ku-BAiiD AND 
30/20 GHz 

~ 

r 
• J 

j : 

, 

I 
1 
j 

I 
j 

I 
t 

" " """"" "" __ ","_".". __ . ~~___ A"-"' __ ' •• _ ... " = j 



1150 
i 1 ' 

I 
I 

1\ 

1500 I 
I 

(J) I 
~ : 

a:: it~ I W I ___ I 
~ 1250 I 
0 I 
Q. ~'- I 
en '-,- I 

~ 1000 "'-~ 
a:: 

IN ORBIT ..... 
u. CAPACITY 
0 760 
a:: 

~ •. U.I 
I' . aJ 
P ~ 500 TRAFFIC ~ ~ - , J oJ 

Z 1 

250 

o ~~~~~~~~~~~~~~~~~~~~ 
1980 1985 1990 1995 20('0 

MID-YEAR 

Flgure 6-4 

WESTERN EUROPE WITHOUT VIDEO CONPERENCINO WITH KA-BAND 

, . 

135 



~ :'41 
.~~ ---"- -

fI) 
a: 
w 
0 z 
0 
0-
f/) 

Z 
~ < 
l .... a: 
0" ~ ~ 

LL 
~ 0 

~ a: 
w .. m , 

t ~ 
::l 
Z 

~ -

1 000 • i I I I I I 

750 

500 

250 

r-" 
I I 
I '--i 
I I 

r, • I I • · ----------_ .. -
I 
I 
I 

... -----,----, • I 
I 

IN ORBIT CAPACITY - : ... 

,.-_ .. _-----_.1 
I 

r-- ----I 

r-· 
• 
I 

• 

I '-______ I 

TRAFFIC 

0 1 ' 
1980 1985 1990 1995 2000 

MID-YEAR 

Figure 6-5 

JAPAN WITHOUT VIDEO CONPERENCING WITH KA-BAND 

·-··-~···l. -.. -.-
, 

f .'. ~. 

t 

1 

I 
1 

~c.~.,:-. _. __ .• " .. , •.•..• ~._~~._>.,.~.,'_ di 'iti,e ._,~"'.',~,.~,,,,-, ...... ~" ~.'~..L.o __ ~W' .. tn'.&- .. ! Bab ..." it;: -'R"""'C:: __ .. ,.::~...-:,", eN dt ,e We Octt J 



~ , 

."';;~ 
r', 
r 

-w 
~ 

tn 
~ 
w 
0 z 
0 
0.. 
tn 
Z 
4( 
~ .... 
aL 
0 
~ 
w 
m 
:E 
::l 
Z 

1000 1 

750 

500 

IN ORBIT ICAPACITY 

250 TRAFFIC 

r... "'" 
r., I I ~ I L ________ _ 

I -- ---_.-- -- -- ----~ L - -----un --- __ J 
o ' I I i I I J I I 

1980 1985 1990 
MID-YEAR 

Figure 6-6 

1995 

AFRICA WITHOUT VIDEO CONFERENCING WITH KA-BAND 

2000 

-" 

j 
1 
: 

I 
I 
! 

I 
I ,. 

---··'-~~--~--"''''~'·~--''''''''~.l-'''''''''~"'''4_'''-~'~.':'"- mutnd't X~. __ ",-,-_", "k"~'='':'~~'~:'~=-' 0" _;:-';,':"'"'c'",; ...... e e...... em l:t'irtr,;4 



I' 

" 
I 1 

~ 

I 
I 
• 

I 

1 

1. 

(/) 
a: w 
Q 
Z 
0 
~ 
(/) 
z 
c 
t% 
t-
u. 
0 
a: w 
CD 
:I 
::;) 
z 

13000 ----_____________________ ~ ________ ~~ 

12000 

11000 

10000 

8000 r 
,J 
I 8000 r 

~ 
I 7000 
~ 1 

el 

~ 1 
8000 ~ 

~ 
5000 ~ 

,J 
.IN ORBIT CAPACITY ,J 

4000 
~ 

3000 

2000 TRAFFIC 

1000 

o~~~~~~~~~~~~~~~~~~~~ 
1980 1985 1990 1995 2000 

MID-YEAR 

Figure 6-7 

WESTERN EUROPE WITH VIDEO CONFERENCING WITH KA-BAND 

138 



7000 

1 ' 

I, 6000 
en 
a: 

I ~ UJ 

~ 
0 5000 Z 
0 
Q.. 
tn 
Z 4000 
~ 
a: .... 
~ 3000 0 
a:: 
UJ 
CD 2000 ~ 
::::l ., -

1000 

0 
1980 

;s. 

,.., 
I 
I 

r 
,J 

~ 
,..1 ,.. 

,.... 
~ 

r' 
,,[ 
~ 

IN ORBIT CAPACITY r 
~ ,.. 

,..J 
"'TRAFFIC r-~ 

-
1986 1990 1996 2000 

MID-YEAR 

Figure 6-8 

JAPAN WITH VIDEO CONPERENCING WITH KA-BAND 

139 

:~: 

i 
,. '#. 

., 
t 
I '. 

/ -; 

: 1 

: 
I, 



I, 

1 
I 
f 

l 

\ 
I 
I 

I 
,\ 

.I 

6.2 Orbit Utilization 

Systems u,ing the advanced technology and additional frequency space 

of Ka-band result in mor" efticfent use of the orbital arc. Some problems arise 

with regions like Western Europe, where the high traffic density in a smaH 

geographical extent results in saturation of the arc if the high tr>.iffic model is 

u.'Ied. Additional frequency re-uses are not possible without the use of yet smaller' 

beams from the satellite; the technology is already pushed to its likely 1990 limit 

by the 0.9 t.tegree beams shown in Figure 6-1. 

This system achieves efficient use of the arc, since co-located satellites 

CllO serve both Europe and Africa. Further coordination of antenna coverages, with 

possible consolidation on a single spacecraft would make more capacity per 

~ttellite possible. T~bles 6-2 and 6-3 show the percent of orbital 81'C utilization 

when using satellites with Ka-band in the 1990-2000 time frame. 

6.3 !d!l!i Budget(i 

Link Budgets for the lower frequency bands will be the same as those 

presented in Section 5. For 30/20 GHz, the link budget margin must be increased 

to combat the additional rain attenuation, We have used a margin of 15 dB; this is 

quite large for a space link, and probably is close to the upper limit of reasonable 

margin. Additicmal data on the rain attenuation considerations appears later in this 

report. The 30/20 GHz link budgets are shown in Tables 6-4 and 6-5. 
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Year 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

Western 
Europe 

45 

55 

64 

73 

82 

95 

100 

59 

50 

41 

36 

24 

14 

14 

14 

18 

18 

18 

Table 8-2 

Orbital Slot Fill Factors For 

Low Traffic Scenarios With Ka-Band 

(Percent) 

Latin Middle 

·;:ec;: ¥ 

Japan America East Afrl(!a 

9 3 3 3 

13 3 3 3 

13 6 3 3 

17 6 3 3 

17 6 3 3 

17 9 3 3 

22 9 3 3 

13 9 3 3 

13 13 3 3 

13 J 3 3 

9 9 5 3 

9 13 5 3 

9 13 5 3 

9 13 5 5 

9 13 5 3 

9 16 5 3 

9 22 5 3 

9 22 5 3 
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China Asia 

6 2 

6 2 

6 2 

6 4 

6 4 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 
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Table 6 ... 4 

Sample 30(20 GHz Tr8nsmlss~!9n Link Budgets for • 

120 Mbps PSK Clt,rrler 

Downlln~ 

Satellite tranamit RF power Watts 

dBW 

Line losses dB 

Minimum satellite transmit EIRP dBW 

Free space path loss at 
30 degree elevation dB 

Minimum nux density at the 
surface of the earth dBW/m 2 

Earth station antenna diameter m 

Earth station antenna gain dB 

Receive system noise temperature K 

Earth station OfT dB/K 

Receive noise bandwidth MHz 

Downlink carrler-to-noise ratio dB 

Transmission link marrin dB 
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63 

18 

0.5 

60.5 

209 

-97.5 

4.5 

56.4 

500 

29.4 

72 

30 

15 
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Table 6-., Continued 

Sample 30/20 OHz Transmission Link Budlets for a 

120 Mbps PSK Carrier 

Uplink 

Earth station transmit RF power Watts 

dBW 

liine losses dB 

Antenna diameter m 

An tel1na gain dB 

Eal!th station transmit EIRP dBW 

Frtte space path loss at 
!JO degree elevation dB 

Flux density at the sa tell 1 te dBW/m 2 

Satellite O/T dB/K 

Receive noise bandwidth MHz 

Uplink carrier-to-noise ratio dB 

Transmission link margin dB 
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Table 6-5 

Sample. 30/20 OH!..!!:!..nsmisslon Link Budrets tor a 

8.3 Mbpe PSK Carrier 

(per carrier) 

Downlink 

Sa tellHe transmit RP power Watts 
(per carrier) 

dBW 

Line losses dB 

Miniwum satellite tr'1Mmit EIRP dBW 

Free space path los~ at 
30 degree elevation dB 

Minimum nux density at the 
dBW/m 2 surface of the earth 

Earth station antenna diameter m 

Earth station antenna gain dB 

Receive system noise temperature OK 

Earth station O/T dB/oK 

Receive noise bandwidth MHz 

Downlink carrier-ta-noise ratio dB 

'l'ransmission link margin dB 
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Table 8-5, Continued 

Sample 30/20 GHz !!:!.'!:.!!!~~Ion Link Budgets for a 
6.3 MlIpJ PSK Carrier 

(per carrier) 

Uplink 

Earth station transmit power Watts 
(per carrier) 

dBW 

Line losses dB 

Antenna diameter m 

Antenna gsin dB 

Earth station transmit EIRP dBW 

Free space path loss at 
30 degreE> elevation dB 

Flux density at the satellite dBW/m 2 

Satellite O/T dB/K 

Receive noIse bandwidth MHz 

Uplink carrier-to-noise ratio dB 

Transmiss,\on link margin dB 
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6.4 Typical Satelllte Weis'ht and Po~er Budgets 

In ~ manner similar to that used in Section 5, w~ have postulated two 

somewhat dltierent IIltelllte types. Either satellite could use 30/20 OHz, however, 

the dlttlculty ot providing the lars8 power margin needed without the use of spot 

beams might Umit 30/20 OHz to the larger, more complex spacecraft. In addition, 

the smaller satelHtea are used in areas where the traffic levels may not justify 

using 30/20 GHz. The resulting weight and power estimates are shown in Table 6-6. 

W~_~ ____ 

item 

Coverage type 

Approximate capacity 
in :16 MHz transponders 

Design life, years 

.!!'Lass. (~Kl 

Table 6-6 

Satellltes With 30/20 OHz 

4 

area 

130 

10 

Communications System 650 

TT&C 50 

Electrical Power 450 

Attitude Control 450 

Structure Thermal Contral 500 

Total 2100 

Power (watts) 

EOL 3000 

BOL 4200 
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Sa .. JUite Type 

5 

mlJtiple spot bean, 

300-450 

10 

1300 

100 

700 

900 

1000 

4000 

10kW 

14kW 
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8.5 Space Serm!nt Costl 

As we done previously, we have estimated costs tor the spacecraft 

uslnar the SAMSO mo,jel. The cost estimates are shown In Table 6-7, along with 
launch cOlts. 

Table 6-7 

Costs for Satellites with 30/20 GHz 

hem 

Fraction ot STS used 

Cpper stage used 

Satellite 

Development cost 

Per-unit cost 

Launch 

Shuttle co~t 

Upper stage cost 

Total per satellite in orbit 

148 

4 

1 

IUS 

100 

60 

30 

18 

108 

Satellite Type 

5 

1 

Centaur 

130 

96 

30 

20 

145 
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6.S 30/20 OHz Barth Station Costs 

It 1. quite cUttlcult to estimate the aost! tor 30/20 GHz 

equipment, due mainly to the rather low level of aatlvlty by manufacturers. During 

the aourse ot their aontraat work, the systemll aontractors to NASA/Lewis 

developed estimates for 30/20 OHz earth stations. We have summarized these in 

Table 6-8. When sufflcient lnter.t Is aroused to Justify quantity production, costs 

will drop substantially, 88 we expect to occur at the lower frequency bands. Based 

on this assumption, we have performed our analysis using somewhat lowei' costs 

than those ot the systems contractors; these costs are shown in Table 6-9. 

Diversity 
Trunki", 
Station 

DTU 
Station 

Table 6-8 

Summary of Costs Developed by 

Previous NASA/Lewis Contract,2!!! 

(thousands of dollars) 

PACC 

6700 (PDMA) 
6000 (TDMA) 

S18 

149 

Contractor 

Hughes 

7500 (TDMA) 

227 (small) 
611 (med.) 

2167 (lg.) 

TRW 

293 

, . 

, -

! I . 

j 
I 

, ~ 

l 
.~ 

~ , 
j 
1 
I 
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(tern 

Front Ends 
Antenna System 

RF Equipment 

Table 6- 9 

Typloal 30/20 OHz Earth Station Costs in 1990 

(thousands of 1980 dollars) 

(moderate quantity) 

Station Type 

Bush SCPC/ Multi -Carrier 
Radio DAMA PSK 

20 24 30 

30 55 80 

Terminal Equipment 3 6 30 

Mux/De.mux 3 18 

Totals 53 88 158 

150 

< ~ 

I 

SS/TDMA 

35 

160 

\ 60 

4 

< ~ 

259 1 
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SECTION 7 

COST COMPARISON OF SYSTEMS WITH AND WITHOUT 30/20 GHZ 

Cost Model 

Engineering cost calculations were made using the following cost 

1. Revenue requirements were calculated for each of the 20 years of 
the study period, 1980 to 2000. Revenue requirements are the sum 
of depreciation, operation and maintenance costs, and return on 
investment. 

2. Straight line depreciation based on satellite Ufetimes of seven 
years (before 1990) cind ten years (after 1990), and earth station 
useful lifetimes of ten years. This will result in conservative 
figures, since some earUI station equipment will have longer life. 

3. All calculations wer~ made in constant 1980 dollars. The allow­
ance for inflation was included in the proper choice of rate of 
return on investment and present value factor. 

4. Cost per circuit was calculated for each year and for the total 
program period. 

S. Net investment was calculated as the difference of cumulative 
investment and accumulated depreciation. In this manner, residual 
systems value was also determined. 

6. The sum of all revenue requirements and the sum of the present 
values of all revenue requirements were calculated as an overall 
measure of systems costs. 

7. Progress payments were required during the course of platform or 
spacecraft development and production, ground segment con­
struction, and for Shuttle launches. Our cost estimates represent 
the present value of the S11m of these progress payments referrr1d 
to the date of deploym~n1 of space and ground segment, and they 
are expressed In 1980 doUbts. 
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7.2 Jnvestment and Operations and Maintenance (O&M) Schedule 

The followinl assumptions were made regarding the investment and 
O&M schedule: 

7.3 

1. Shuttle Launch Costs 

The total launch costs were as follows: $30 million for the full 

Shuttle (1980 dollars), with lesser loads prorated as shown in Figure 

7-1. Upper stages were assumed to be a modified Centaur or its 

equivalent for full Shuttle payloads; the transfer vehicle would 

occupy the catgo bay along with the satellite. This is at a cost of 

$20 million. For payloads which do not use the full cargo bay, the 

use of the IUS or similar upper stage, at a cost of $16 to $18 

million. 

2. Satellite Control Center and Tracking, Telemetry and Control 

(TTctC) Investment Costs 

In some regions, adequate TT&C facilities already exist. In other 

regions, they will have to be constructed. Since TT&C facilities 

are needed regardless of the use of 30/20 GHz, the cost will wash 

out in the comparison. 

3. Earth Station Deployment and Costs 

In addition to the basic equipm~fli.t cost, 40 percent was added to 

account for such costs as transportation, installation, integration, 

and spares. 

Q!yelopment and Deployment 

Development costs for the first generation system were assessed in 

1980, and for the second generation is 1990. 
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LOAD FACTOR' 1 

PRICE = Cr x DEfJIlCATRD PRICE 
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104 

0.067 -I:C 
~~----r-------.-------.-----~1----------(MINIMUM 0 

CHARGE 
FACTOR) 

o 0.2 0.4 1.0 

0.05 0.75 
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Figure 7-1 
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7.4 TT&C and Operations 

Annual costs tor TT&C and operation." (Included under O&M In the 

computer model) were assessed as tollowss 

$0.5 N million 

where 

N is the number of spacecraft In orbit including spares. 

7.5 Space Segment Cost Calculations 

Based on the above model, and thl! costs for spacecraft calculated 

previously, WE have computed the cost per transponder year for Eurupe, Japan, and 

Africa. Calculations were pertormed for ths high traffic case as well as the low 

traffic, and for systems which did and didn't use 30/20 GHz. These cost 

calculations include the cost of in-orbit spares for each scenario. The resulting 

output fl'om the computer program is shown ~(t Tables 7-1 through 7-10. 

Launch schedules for the above scenaries are shown in Table 7-11 

through 7-20. 
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Table 1-1 

Economic Model Forecaat 
We.tern Europe - Low Traffic Model - without 30/20 GHz 

PV of 
Net ---------Annual-------- Coat per A:'Inua1 

Ye Ilr Inve.t Oep + O.M .. ROI • Revenu Traffic Xponder Revenue 

19 (13 504.0 82.0 7.0 50.4 139.4 199.00 .70 121. 2 
19£14 488.9 93.1 8.0 48.9 150.0 245.00 .61 124.5 

19E1S 496.0 109.9 9.5 49.6 169.0 293.00 .58 133.9 
1906 453.0 121.0 10.5 45.3 176.8 344.00 .51 133.7 
1907 465.7 143. 3 12.5 46.6 202.4 403.00 .50 146.1 

~1 1908 389.3 1S4." 13.5 38.9 206.9 470.00 .H 142.5 IJ 
1n£t" 234.9 154.4 13.5 2j.5 191. .. 528.00 .36 125.9 r,1 .;7<1;7 

19!10 '86.7 135.1 16.0 68.7 219.8 631. 00 .35 138.0 
1991 744.5 144.2 17.0 74.5 235.6 717.00 .33 141. 2 
1992 708.0 1.37.6 17.5 70.8 225.9 803.00 • 28 129.2 
1993 767.3 142.6 18.5 76.7 237.9 888.00 .27 1,29.8 
1994 737.9 130.4 19.0 73.8 223.2 971. 00 • 23 116.3 

,; 

1995 709.5 129.4 19.5 70.9 219.9 1055.00 .21 109.3 

I 
1996 671. 0 139.5 20.0 67.1 226.6 1141.00 .20 107.6 
1997 531. 5 139.5 20.0 53.1 212.7 1229.00 .17 96.4 
1998 573.8 159.7 21.0 57.4 238.1 l320.00 .18 103.0 
1999 959.5 220.3 24 .0 95.9 340.2 1415.00 .24 140.5 

, 
2000 797.9 161. 6 24.0 79.8 265.4 1515.00 .18 104. 6 J i 

" j 
,1 

'-.1 
It 1 

<,rotal of Revenue Requirements • 3881. t i 
~i'otal Present Value of Revenue • 2244 • I ~ 
Averaqe Cost pflr Xponder per Year • .27 ' 1 

Notel Tratfic is in Xponder 
co.t is $mi11ions per Xponder per Year 
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Table 7-2 

!cono.ic Model rorecast 
Western Europe - Low Traffic Model - With 30/20 OHz 

Nltt ---------Annua1-------- Cost per 

Year Inve.t Oep + O.M + ROI • Revenu Traffic Xponder 

1983 5fl4.0 82.0 7.0 50.4 139.4 199.00 .70 

1984 41U.9 93.1 B.O 4B.9 150.0 245.00 .61 

1985 496.0 109.9 9.5 49.6 169.0 293.00 .58 

1986 4!S3.0 121. 0 10.5 45.3 176,8 344.00 .51 

1987 412.3 137.7 12.0 43.2 192.9 40LOO .49 

1988 3~U. 9 154.4 13.5 39.5 207.4 470.00 .44 

1989 2'0.4 ,154.4 13.5 24.0 192.0 528.00 .36 

l.990 512.0 IlB.4 14.5 54.2 187.1 631.00 .30 

1991 4:U .7 101.3 14.5 43.5 165.3 717.00 .23 

1992 344.1 90.6 14.5 34.4 139.5 803.00 .17 

1993 399.2 99.9 15.0 39.9 144.8 B08.00 .16 

1994 326.0 73.2 15.0 32.6 120.8 971.00 .12 

1995 269.5 56.5 15.0 2~.9 98.4 1055.00' .09 

1996 213.0 56.5 15.0 21.3 92.8 1141.00 .08 

1997 417.5 85.5 16.0 41.7 143.2 1229.00 .12 

1998 332.0 85.5 16.0 33.2 134.7 InO.OO .10 

1999 377.0 100.0 16.5 37.7 154.2 1415.00' .11 

2000 319.0 58.0 16.5 31.9 106.4 1515.00 .07 

Total of Revenue Requirements • 2715. 

Total Pr •• ent Value of Revenu~ • 1682. 
Average Coat per Xponde: per Year • .19 

Note: Traffic i. in Xponder 
co.t il $mil1ion. per Xponder per Year 
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PV of 
Annual 
Revenue 

121. 2 
124 .5 

133.9 
13 3.7 
139.3 
142.9 
126.2 

1 
i 

117.5 1 
99.0 

J 79.a 
79.1 l 62.9 

49.0 
l 
I 

44. 1 
I 

64.9 

1 
58.3 
63.7 

1 
41.9 

j 
I 
i 
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Table ~-3 

Economic Model rorec.st 
We.tern Europe - Hi9h Tratfic Model - Without 30/20 G~z 

Net ---------Annual-------- Cost per 

Year Inv •• t Oet> + O.M + ROI • R.'~enu Traffic Xponder 

1983 504.0 82.0 7.0 50.4 139.4 203.00 .69 

1984 489.9 93.1 8.0 48.9 150.0 250.00 .60 

198! 496.0 109.9 9.5 49.6 169.0 301.00 .56 

1986 486.4 126.6 11.0 48.6 186.2 356.00 .52 

1907 493.6 148.9 13.0 49.4 211. 2 424.00 .50 

1998 ".,Q 1 15L4 13.5 37.8 205.7 510.00 .40 .. , ...... 
1'989 223.7 154.4 13.5 22.4 190.3 528.00 .36 

1990 948.3 165.4 17. 5 94.8 277.8 796.00 .35 

1991 1339.4 214. 9 20.5 133. 9 369.3 970.00 .38 

1932 1595.7 248.7 23.0 159.6 431. 2 1479.00 .29 

1993 1731. 4 268.4 25.0 173.1 465.5 2157.00 .22 

1994 1758.0 276.4 26.5 175.8 478.7 2448.00 • 20 

1995 1669.0 291. 0 27.!S 166.9 485.4 2640.00 .18 

1996 1378.0 291.0 27.S 137.8 456.3 2640.00 • 17 

1997 1087.0 291.0 27.5 108.7 427.2 2640.00 • 16 

1998 796.0 291.0 27.5 79.6 398.1 2640.00 .15 

1999 505.0 291. 0 27.5 50.5 369.0 2640.00 · 14 

2000 939.3 272.7 31.0 93.9 397.6 2640.00 • 15 

Total of Revenue Requir~ments .. 5809. 

Total Present Value of Revenue • 3219. 

Average Cost pel' Xponder per Year • .22 

Notel Traffic i. in Xponder 
co.t i. $million. per Xponder per Year 

157 

;v of 
Annual 
Revenue 

'21. 2 
124.5 

133.9 
140.8 
1.52.5 
141. 8 
125.1 

174.4 
221. 3 
246.6 
254.6 
249.4 

241. 4 
2 i6 • 6 
193.6 
172.2 
152.) 

1,56. '/ 

i 
i 
l 
J 

1 , 
1 

l 
l 

t 
1 

I 
, I 

1 
1 

l 
J 
J 



I I , 

Table 7-4 ORIGINAL PAGE l~, 
OF POOR 0 11 /\: :"fY 

Economic Model rorecalt 
We.tern Europe - Ri9h Traffic Model - with 30/20 GHz 

'har 

19 83 
1984 

1995 
1986 
1987 
1988 
1989 

1990 
1991 
1992 
1993 
1994 

1995 
1996 
1997 
1998 
1999 

Nt t 
Invest 

---------Annua1--------
Oep + O'M + ROI • Revenu 

5 (14.0 82.0 
H8.9 93.1 

4$16.0109.9 
4f'6.4126.6 
.. ~l :; • 6 1 48 • 9 
378.1 154.4 
2 :13 • 7 1 5 4 • 4 

525.3 118.4 
548.5 121.8 
834.9 148.6 

1229.1 185.9 
1457.0 207.1 

1908.0 274.0 
2547.5 315.5 
2433.0 404.3 
2028.5 404.5 
1624.0 404.5 

7.0 50.4 139.4 
8.0 48.9 150.0 

9.5 
11.0 
,... 1\ 
... ~." 

13.5 
13.5 

14.5 
15.0 
16.5 
18.5 
20.0 

22.5 
26.0 
27.0 
27.0 
27.0 

49.6 
48.6 
49.4 
37.8 
22.4 

52.5 
54.8 
83.5 

122.9 
145.7 

190.8 
254.7 
243.3 
202.8 
162.4 

169.0 
186.2 
.", ') ... -. 
205.7 
190.3 

185.5 
19'.L.6 
248.6 
J 27 .3 
372.8 

487.3 
656.2 
674.8 
634.3 
593.9 

2000 l653.0 406.0 28.S 165.3 599.8 

Total ot Revenue Requirementl· 6224. 
Total Present Value ot aev.nue· 3302. 
~v.ra9. COlt p.r Xponder pur Year • 

Note: Tratfic i. 1n Xponder 

COlt per 
Trattlc xpcnder 

203.00 
250.00 

301.00 
356.00 
424 .00 
510.00 
528.00 

796.00 
"70.00 

1479.00 
2157.00 
3179.00 

4582.00 
6342.00 
8420.00 
9460.00 
9460.00 

9460.00 

.11 

.69 

.60 

.56 

.52 

.50 

.40 

.36 

.23 

.20 
• 17 
• i.:.'l 
• 1. 2: 

.ll 

.10 

.08 

.07 

.06 

.06 

Coat 11 $m1111one per Xponder per Year 
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PV of 
Annual 
Revenue 

121.2 
124.5 

133.9 
140.8 
152.5 
141. 0 
125.1 

116.4 
114.8 
142.2 
1713 .6 
194.2 

242.3 
31) •• S 
305.7 
274 .3 
245.2 

236. 3 

l 

j 
1 

I 

~ 
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Table 7-5 

OR'G'NAL PAGE !3 
OF POOR QUAlitY 

" I, i 
I, Economic Model Forecast 

, 
'\ Japan - t,,),,, Traffic Model - Without 30/20 GHz :1 

~ \ 

j 
~ 

·L , . 

PV of I' 
tt. t ---------Annual-------- CO!! t, per Annual 

Ye.sr lnvsst nep + O'M + ROI • Revenu Traffic X~onder Revenue 

1983 228.~ 35.1 1.5 22.9 59.5 118.00 .50 51.A 
1984 193.7 35.1 1.5 19.4 56.0 141.00 .40 46.5 

19C5 158.6 35.1 1.5 15.9 52.5 162.00 .32 41.6 
190'; 240.0 54.6 2.5 24.0 81.1 185.00 .44 61.3 

,~ 

1987 185.4 54.6 2.5 18.5 75.6 209.00 .36 54.5 1 
1988 189.1 64.3 3.0 18.9 86.2 236.00 .37 59.4 j 

J 

1989 :U1.4 83.7 4.0 24.1 111. 9 266.00 .42 73.6 >] , 
~ 

1990 442.5 83.0 5.0 44.2 132.2 298.00 .44 83.0 

;1 1991 359.5 93.0 5.0 )5.9 123.9 329.00 .38 74.2 
1992 367.4 93.1 5.5 36.7 135.3 359.00 .38 77.4 ' , 

, 

1993 299.8 67,6 5.S 30.0 103.1 387.00 .21 SCi.3 
1994 232.1 67.6 5.5 23.2 96.4 ':'13.00 .23 50.2 

1995 26S.~, 68.0 6.0 26.5 100.5 437.00 .23 50.0 j 199G 216.5 48.6 6.0 21.6 76.2 460.00 .17 36.2 
1997 258.8 58.7 6.5 25.9 91.1 481.00 .19 41.3 ,1 1998 200.1 58.7 6.5 20.0 85.2 501.00 • 17 36.9 
1999 323.2 78.9 7.5 32.3 118.7 420.00 .28 49.0 

, 
2000 272.7 ~0.5 7.S 27.3 85.3 538.00 .16 33.6 'j 

'I 
'.l , 
1 
" 

Total of Re'i enul! Requirements • 1671. 
'rotal Present Value of Revenue • 97'1. ,~ 

Average Cost Xponder Year • 28 
, 

per per • 

Notes Traffic is in Xponder 
Cost is $millions per Xponder per Year 
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Table '1-6 

ORIGONAL PAGE IS 
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E~onomic Model Porecast 
Jepan - Low Traffic Model - with 30/20 GHz 

Year 

1983 
1984 

19135 
1.91''i 
19b, 
1988 
1999 

1990 
1991 
1992 
1993 
1994 

1995 
19 !16 
1991 
1998 
1999 

:2000 

1~; 8 • 6 
2/&0.0 
1115.4 
lU9.1 
2tll.4 

5(;4.9 
4(;8.3 
3 '11.7 
300.6 
229.4 

298.5 
242.0 
185.5 
129.0 
203.0 

17LO 

·--~-----Annu.l--------
Dep + O'M + ROI • Revenu 

35.1 
35.1 

3~.1 
54.6 
54.ii 
64.3 
83.7 

96.6 
96.6 
96.6 
71.1 
7),,1 

75.9 
56.5 
56.5 
56.5 
71.0 

29.0 

1.5 22.9 
1.S 19.4 

1..5 
2.5 
2.5 
3.0 
4.0 

~.O 
5.0 
5.0 
5.0 
5.0 

5.S 
5.5 
5.5 
5.5 
6.0 

6.0 

15.9 
24.0 
18.5 
18.9 
24.1 

!5I.5 
46.8 
37.2 
30.1 
22.9 

29.8 
24.2 
18.5 
12.9 
20.3 

17.4 

59.5 
56.0 

52.5 
81.1 
75.6 
86.2 

111.9 

158.1 
148.4 
138.1 
106.2 

99.1 

111.3 
86.2 
80.5 
74.9 
97.3 

52.4 

Total of Revenue Requirement. ~ 1676. 
Total Pr •• ent Value of aevenue u 992. 

COlt: per 
Traffic Xponder 

118.00 .50 
141.00 .40 

.162.00 
185.00 
209.00 
236.00 
266.00 

298.00 
329.00 
359.00 
3fl7.00 
413.00 

437.00 
460.00 
481.00 
501.00 
420.00 

538.00 

.32 

.44 

.36 

.~7 

.42 

.53 

.45 

.39 

.27 

.24 

.25 

.19 

.17 
• 15 
.23 

• 10 

Average Cost per Xponder per Year. .28 

Notel ~rafflc i. in Xponder 
Coat 1. $ml111ona per Xponoer per Year 
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P'V of 
Annual 
Revenue 

SloB 
46.5 

41. 6 
61. 3 
54.6 
5!L4 
73.6 

99.2 
88.9 
79.3 
58.0 
51.6 

55.3 
40.9 
36.5 
32.4 
40.2 

20.6 

, J 
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• ! 

, ~ I 

f 

YeAr 

19G3 
1984 

1985 
1986 
1987 
1988 
lS89 

1990 
1991 
1992 
1993 
1994 

1995 
1996 
1997 
1998 
1999 

2000 

Total 
Total 

Net 
Invest 

228.9 
193.7 

158.6 
240.0 
185.4 
189.1 
416.3 

497.3 
486.2 
646.7 
893.4 

1190.5 

1537.7 
1963.8 
1864.7 
1563.6 
1262. 5 

1070.6 

,'able 7-7 
ORIGINAL PAGE IS 
OF POOR QUALITY. 

Economic Model Forecast 
Japan - High Traffic Model - Without 30/20 GHz 

---------Annual--M
----- Cost per 

Dep + O.M + ROJ: .. Revenu Trafric Xponder 

35.1 1.5 22.9 59.5 120.00 .50 
35.1 1.5 19.4 56.0 143.00 .39 

35.1 1.5 15.9 52.5 165.00 .32 
54.6 2.5 24.0 81.1 190.00 .43 
54.6 2.5 18.5 75.6 218.00 • 35 
64.3 3.0 18.9 86.2 253.00 .34 

112.9 5.5 41.6 160.0 299.00 .54 

102.0 6.0 49.7 157.7 367.00 .43 
112.1 6.5 48.6 167.2 472.00 .35 
142.4 8.0 64.7 215.1 646.00 .33 
157.4 10.0 89.3 256.7 928.00 .28 
207.9 12.5 119.0 339.4 1358.00 .25 

258.8 lS.S 153.8 428.0 1956.00 .22 
2t10.9 19.0 196.4 496.3 2709.00 .18 
lOLL 20.0 186.5 507.6 3574.00 .14 
301.1 20.0 156.4 4.77.5 3680.00 .13 
301.1 20.0 126.2 447.4 3680.00 .12 

292.9 20.5 107.1 420.5 3680.00 .11 

of Re'~enue Requirements .. 4484 • 
Present Value of Revenue .. 2295. 

Average Cost per Xponder per Year .. . 18 

Notes Traffic is in Xponder 
COlt il5 ~millionil per Xponder per Year 

161 

PV of 
Annual 
Revenue 

51.8 
46.S 

41.6 
61.3 
54.6 
59.4 

105.2 'l 
<1 

99.0 
100.2 
123.0 
140.1 
176.9 

212.9 
1 

1 
235.6 

I ~30.0 
2~6.~ 
184.7 

165.7 l 
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Table 7-8 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Economic Model Foreca.t 
Japan - High Traffic Model - With 30/20 GRz 

Net ---------Annual--------
Year Invest Oep ... OUi ... ROI • Revenu 

1983 218.9 35.1 1.5 22.9 59.5 
1984 193.7 35.1 1.5 19.4 56.0 

1985 158.6 35.1 1.5 15.9 52.5 
1986 240.0 54.6 2.5 24.0 81.1 
1987 185.4 54.' 2.5 18.5 75.6 
1988 1,89.1 64.3 3.0 18.9 86.2 
1989 4U.3 112.9 5.5 41.6 160.0 

1990 !,80.1 111. 2 6.0 58.0 175.2 
U91 4,'8.9 111. 2 6.0 46.9 164.1 
1992 C88.1 125.7 6. ~, 48.8 181. I) 
1993 779.4 143.8 8.0 77.9 229.7 
1994 896.6 172.8 9.0 89.7 271..4 

1995 1125.0 206.' 10.5 112.5 329.' 
1996 1'19.5 230.5 13.0 161.9 405.5 
1S97 1780.5 274.0 14.5 178.1 466.6 
1998 1898.0 317.5 16.0 189.8 523.3 
1959 2233.0 390.0 18.5 223.3 631.8 

2000 1870.5 362.5 18.5 187.1 568.0 

Total of Revenue Raquirements. 4517. 
Total Pre.ent Value of Revenue. 2278. 

Tr af tic 

120.00 
143.00 

165.00 
190.00 
218.00 
253.00 
299.00 

367.00 
472.00 
646.00 
g28.00 

1~58.00 

1956.00 
2709.00 
3574.00 
4495.00 
5416.00 

6297.00 

Average Cost per Xponder per Year • .15 

Notel Traffic i. 1n Xponder 
C03t is $mi11ions per Xponder per Year 
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Cost per 
Xponder 

.50 

.39 

.32 

.43 

.35 

.34 

.54 

.48 

.35 
• 28 
.25 
• 20 

.17 

.15 

.13 

.12 

.12 

.09 

I, 

PV of 
Annual. 
Revenue 

51.B 
46.5 

41. 6 
61.3 
54.6 
59.4 

105.2 

110.0 
98.3 

101.5 
J 125.4 

141. II 
1 

163.9 
192.5 
211. 4 
226.3 
260.8 

223.8 
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Table 7-9 

Economic Model Forecast 
Africa - Low Traffic Model - Without 30/20 GHz 

,I 

PV of 
Net ---------Annua1-------- Cost per Annual 

Year Inveat Oep + OiM + ROI • Revenu Traffic Xponder Revenue 

1983 112.3 15.7 • 5 11.2 27.4 12.00 2.29 23.9 
1984 95.6 15.7 • 5 9.7 25.9 15.00 1. 72 :n.5 

1985 80.9 1S.7 • 5 8 . 1 24.3 17.00 1. 43 19.3 
1986 65.1 15.7 • 5 6.5 22.7 20.00 1.14 17.2 
1987 49.4 15.7 • 5 4.9 21. 2 23.00 .92 15.3 
1988 33.7 15.7 · 5 3.4 19.6 26.00 .75 13.5 
1989 134.6 35.1 1.5 13.5 50.1 30.00 1. 67 32.9 

1990 109.1 25.4 1.5 10.9 31. ~ 33.00 1.15 23.8 
1991 83.7 25.4 1.5 8.4 35.~ 37.00 .95 21.1 
1992 58.3 25.4 1.5 5.8 32.8 41. 00 .80 18.7 
1993 38.9 19.4 1.5 3.9 24.8 45.00 .55 13.5 
1994 19.4 19.4 1.5 1.9 22.9 50.00 .46 11.9 

1995 0.0 19.4 1.5 0.0 20.9 54.00 .39 10.4 
1996 115.2 12.8 2.0 11.5 26.3 59.00 .45 12.5 
1997 224.8 26.4 3.0 22.5 51.9 63.00 .82 23. 5 1 
1998 198.4 26.4 3.0 19.8 49.2 68.00 .72 21.3 

1 1999 172.0 26.4 3.0 17.,2 46.6 73.00 .64 19.2 

14.6 4o,l.0 78.00 .56 17.3 2000 145.6 26.4 3 0 1 

! 
Total of Revenue Requirements • 5 B4- ' 1 

~ Total Present Value of Revenue • 337. j Average COlt per Xponder pel' Year • .78 
j 

1 
l 

• I \ 

Note: Traffic is in Xponder 
Coat: is $mi1lions per Xponder per Year 

16S 
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Tacle 7 -1.J! Of POOR QUALI 

Economic Model Forecast 
Africa - Low Traffic Model - With 30/20 GHz 

I, ! 
\ 

~ \ 
PV of 

Net ---------Annual-------- Cost per Annual 
Yellr Inv •• t Cep + O'M + ROI til Revenu Traffic Xponder Revenue 

1983 112.3 15.7 • 5 11.:t 27.4 12.00 2.29 23.9 
1984 96.6 15.7 .5 9.7 25.9 15.00 1. 72 21. 5 

1985 80.9 15.7 .5 8.1 24.3 17.00 1. 43 19.3 
1986 65.1 15.7 .5 6.5 2~.7 20.00 1.14 17.2 

1987 49.4 15 0 7 .5 4.9 21.2 23.00 .92 15.3 ,'I 

1988 33.7 1!,7 • 5 3.4 19.6 26.00 .75 13.5 
1989 lH. ~ 35.1 1.5 13.5 50.1 30.00 1. 67 32,9 

1 

1990 109.1 25.4 1.5 10.9 37.8 33.00 1.15 23.8 ' ! 
~ 

1991 8l.7 25.4 1.5 8.4 35.3 37.00 .95 21.1 
J 1992 58.3 25.4 1.5 5.8 ~2.8 41. 00 .80 18.7 

1993 38.9 19.4 1.5 3.9 24.8 45.00 .55 13.5 

1994 19.4 19.4 1.5 1.9 22.9 50.00 .46 11. 9 

1995 0.0 19.4 1.5 0.0 20.9 54.00 .39 10.4 

1996 187.2 20.8 2.0 18.7 41.5 59.00 .70 19.7 j 

J.997 166.4 20.8 2.0 16.6 39.4 63. 00 .63 17.9 

I 1998 145.6 20.8 2.0 14.6 37.4 68.00 .55 16.2 ' , 

1999 124.8 20.8 2.0 12.5 35.3 73.00 .48 14.6 ' ~:, 
, ' 

10.4 
j 

2000 104.0 20.8 2.0 33.2 78.00 .43 13.1 " 

l 
~ -:1 

; ) ~ 
',I 

Total of Revenue Requirement. f. 553. 
Total Pre.ent Value ot Revenue • 324. 
Average COlt per Xponder per Year • .74 

Notal Traffic is in Xponder 
Cost ia $mi1~!~ns per Xponder per Y~ar 

, i . ~l 
. -:1 

,~ 
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Table 7-11 

Launch Schedule for Western Europe 

Low Traffic Model, Without 30/20 GHz 

Year 

1983 
84 
85 
86 
87 
88 
89 

1990 
91 
92 
93 
94 
95 
96 
97 
98 
99 

2000 

Table 7-12 

Launches 

14 
2 
3 
2 
4 
2 
o 
5 
2 
1 
2 
1 
1 
1 
o 
2 
6 
o 

Launch Schedule for Western Europe 

Low Traffic Model With 30/20 GHz 

Year Launches 

1983 14 
84 2 
85 3 
86 2 
87 4 
88 2 
89 0 

1990 2 
91 0 
92 0 
93 1 
94 0 
95 0 
96 0 
97 2 
98 0 
99 1 

2000 0 
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Table 7-13 

Launch Schedul,! tor Western Europe 

High Trliffic Model Without 30/20 GH~ 

Year Launches 

1983 14 
84 2 
85 3 
86 3 
87 4 
88 1 
89 0 

1990 8 
91 6 
92 5 
93 4 
94 3 
95 2 
96 0 
97 0 
98 0 
99 0 

2000 7 

Table 7-14 

Launch Schedule for Western Europe 

!!!gh Traffic Model With 30/20 GHz 

Year Launch 

1983 14 
84 2 
85 3 
86 3 
87 4 
88 1 
89 0 

1990 2 
91 1 
92 3 
93 4 
94 3 
95 5 
96 7 
97 2 
98 0 
99 0 

2000 3 
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Table 7-17 

Launch hhedule (or JaQan 

High Traffic Model Without 30/20 GHz 

Year Launches 

1983 3 
84 0 
85 0 
86 2 
87 0 
88 1 
89 5 

1990 1 
91 1 
92 3 
93 4 
94 5 
95 6 
96 7 
97 2 
98 0 
99 0 

2000 1 -- --
Table 7-18 

Launch Schedule for Japan I 
High Traffic Model With 30/20 GHz 

1 Year Launches 
; 

1983 3 j 
~ 84 0 j 85 0 

86 2 

~ 87 0 
88 1 

j 89 5 
1990 1 '. ~ 91 0 

92 1 
93 3 
94 2 

• 95 3 r 96 5 
97 3 
98 3 
99 5 

2000 0 
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Table 7-19 

L'lunch Schedule (or Africa 

Without 30/20 GHz 

Year Launches 

1983 
84 
85 
8ft 
87 
88 
89 

1990 
91 
92 
93 
94 
95 
96 
97 
98 
99 

2000 

Table 7-20 

Launch Schedule for Africa 

With 30/20 GHz 

1 
o 
o 
o 
o 
o 
2 
o 
o 
o 
o 
o 
o 
1 
2 
o 
o 
o 

Year Launches 

1983 
84 
85 
86 
87 
88 
89 

1990 
91 
92 
93 
94 
95 
96 
97 
98 
99 

2000 
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7.6 Earth S!lment.2.2!1! 

Annual costs per chann,!1 for the earth segment have been edleulated 

based on several assumptions. The buic earth station costs were used 8S developed 

in Sections 5 and 6. In the case of (jystems without 30/20 GHz, the lower capacity 

per orbital slot will require more satellites in orbit. We estimate that each eal'th 

station will need to acct!.1JS the same capacity, regardless of the use or not of 30/20 

OHz. Thus, in the systems without 30/20 OHz, larger earth stations will have a 

need to access more satellites. We have accordingly increased the costs (or 

antenna! and RF equipment for these stations, by the factor that the capacity per 

satellitt! islowar. 

In order to calculate costs per channel-year, we hn.ve assigned a certain 

capacity to each class of earth station, as shown below: 

Station Type 

Multi-Carrier 
Bush SCPC .PSK SS/TDMA 

Capacity in Voice Circuits 2 10 50 50l) 

Further, we have estimated the annual cost per earth station as a 

fUMtion of the total investment cost. The ,'actor used includes allowances for cost 

of money, return on investment, depreciation, and operations and maintenance. 

Based on our past experience, we have found that the annual cost taking' these 

items into Rccount Is about 40 percent of the investment cost. 

The resulting COElts per channel-year are "hown in Table "1-21. 

7.7 Total Costs 

In order to develop total cost figures for comparison purposes, we 

much add the space segment cost per channel to the earth segment cost per 

channel. Pur convenience, the space segment cost per channel is summarized in 

Table 7-22. Table 7-23 shows the resulting total costs, for both low traffic 
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(wtthout video conter.nclnr) and high tratfic (with video conterencinr) models. 

'The coata (or system. which Include 30/20 GHz are higher tor the low capacity 

ottations, and lower (or the h1rher capacity stations. The primary reason for this Is 

that the low capacity .tations generally access only one satellite, and thus do not 

benetlt as much trom the Increased capacity per orbital slot which Is available 

when 30/20 GHz Is used. The higher density stations derive a significant advantage 
trom this increase ot per-slot capacity. 
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Western 
Europe 

Japan 

Africa 

~ 

Table 7-21 

Average Annual Earth Station Costs 

(TholWlllds of 1980 Do!l9.rs) 

Without 30/20 GHz 

" 

With 30/20 GHz 
Annual Per Circuit Annual Per Circuit 

Bush 8.4 4.2 11.2 8.6 
SCPC/DAMA 12.4 1.2 28.4 .2.8 
Multi-Carrier 81.2 LG 54.4 1.1 
SStrDMA 192.8 0.4 88.( 0.2 

Bush 8.0 4.0 15.2 1.6 
SCPC !l.6 1.2 24.8 2.5 
Multi-Carrier 45.2 0.9 49.2 1.0 
SS/TDMA 71.6 0.2 78.8 0.2 

Bush 8.0 4.0 15.2 7 .. 6 
SCPC/DAMA 11.6 1.2 24 .• 8 2.5 
Multi-Carrier 45,2 0.9 49.2 1.0 
SS/TDMA 71.6 0.2 78.8 0.2 

z:.:.t:tM&"""*_';~"'~_.J"""_~'" __ ~~~~~ • \. __ .;~_~ ~ &t ... : ....... 4!C, ••• AAi.,i_:.' .. 'lith':;:' ~ ________ --..a "*- t. $ '$ 7 "C _ 
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Table 7-22 

Summary of SpacE'! Segment Costs 

~er Circuit-Year in 1980 Dollars 

West~rn 
Region 

Europe Japan Africa 

----------------------------------------------------------
Low 
Traffic 

HIgh 
Trp.,(fic 

W/O 30/20 

with 30/20 

W/O 30/20 

with ~0/20 

173 

540 560 1,560 

380 560 1,480 

440 360 

220 300 
, 
" 
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Region 

Western 
Europe 

Japan 

Africa 

-~-- ~ ------ - ~--- ~--- ----- - -- - --

Table 7-23 

Average Anmlal Cost Per Voice Circuit 

(In Thousands of 198(J1 Dollars) 

Low Traffic 
Without With 

Earth Station Type 30/20 30/20 

Bush Radio 8.9 17.6 
SCPC/DAMA 2.9 6.0 
Multi-Carrier PSK 3.7 2.6 
SS(fDMA 1.3 0.8 

Bush Radio 8.6 15.8 
SCPC/DAMA 3.0 5.6 
Multi-Carrier PSK 2.4 2.6 
SS(fDMA 1.0 1.0 

Bush Radio 9.6 16.8 
SCPC/DAMA 4.0 6.5 
Multi-Carrier PSK 3.4 3.5 
SS/TDMA 2.0 1.9 

~-- T 

High Traffic 
Without With 
30/20 30/20 

8.8 11.4 
2.8 5.8 
3.6 2.4 
1.2 0.6 

8.4 15.5 
2.8 5.3 
2.2 2~3 
0.6 0.5 
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7.8 Sum mary of Cost Analysis 

This section has presented an analysis of t~e costs associated with two 

types of systems: one using only the C- and Ku-bands and another which also 

includes 30/20 OHz. Launch schedules for satellites were developed, costs assigned 

to the launches, and a tirn~hased analysis performed. This ca!culation included 

depreoiation; operation and maintenance, and return on investment. Costs wcre 

also developed for earth stations, and the results were combined to yield total 

COSI~S per voice-channel-year. 

The basic conclusion from this analysis is that while some cost 

reductions are possible due to the addition of 30/20 OHz, the decre&.se is not large. 

In the case of smaller capacity stations, overall costs may increase. 

caution should be exercised in using this conclusion, however. Other 

factors will assume more prominence since the economic difference is small. Some 

other considerations are: 

1. Some regions may require 30/20 for frequency coordination 
reasons-Western Europe is a good example. 

2. In some cases, the total demand, especially for direct-to-the-user 
services and video conferencing, could not be satisfied in any event 
without the use of 30/20 GHz. 

3. Technical considerations such as the desire for smaller antenna 
diameters will provide an impetus to use 30/20 OHz. 
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SECTION 8 

MARKET ANALYSIS 

PRECEDING PAGE BLANK NOT FILMED 

This sectlon presents an ~nalYSis of the potential market for 30/20 

equipment that will be avallable to U.S. industry. We have made E's'timates of the 

percentage of the various world markets which will be !ierviced by U.S. compani~s. 

These estimates are necessarily somewhat uncertain~ due to the many poLitical 

considerations involved. However, we have attempted to explain the environment 

which exists in these world regions; and thencp. to proceed to the capture estimates 

in a logical faahion. 

First, we examine the overall market universe, then the potential sales 

of spacecraft 'and ground equipment are considered se(>aJ'ately. 

8.1 Overall Market Environment 

8.1.1 Canada 

Th!! Canadian domestic 1i8.tellite system owned and operated by Tel.esat 

Canada has been providing satellite servi~t:s via its Anik satellite since early in 

1973. Television and message services are provided using a network of over 100 

earth ,tations of varying sizes. Both PM and digital modulations have oocn used, 

and for the most part the ground segment has been operating unmanned. Earth 

stations vary in size from 30-meter heavy-route stations to 3.7-meter thin-route 

SCPC transportable stations. As early as 1977, there were over 30 SCPC stations 

operating in the Anik system. 

"'.e Canadians have endeavored to provide telecommunications ~ervices 

to all citizens. The intrcduction of the Anik C satellites should ensure adequate 

satellite capacity well into the 1980's and an expansion of services already 

provided. Canada, however, has also been committed strongly to sovereignty. 

Despite the fact that satellites have been procured outside of Canada, there is tl 
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definite policy of "buy Canadian" and a commitment to develop a communications 

industry to service Canadian requirements. 

Due to this policy, direct sales to the Canadian Gover',lment or to 

government controlled corpol'ations would not be practical. ~1'ales in Canada would 

require affiliation with a local manufacturer or a local subsidiary, which would 

then lead to a significant Canl l content. 

8.1. 2 Europe 

France 

France is planning a domestic satellite com munications system oper­

ating at Ku-band with the primary purpose of providing dat\\ communications 

services throughout France. This network is intended t~ op,,~rate with a 'I'DMA 

system and will have 100 to 200 earth stations. In f!o~ition, the i"rench domestic 

system could provide C-b4Jld coverage to many geographical areas, such as the 

province of Quebec. other French speaking countries in Africa and to the West 

Indies islands such as Martinique and Guadaloupe. Tl)ese latter applications will 

take the form of a regional telecommunications system, and somb of these 

applications may be provided by means of thin-route SCPC stations. 

The OTS/ECS Systel!' 

OTS stands for Orbital Test Satellite. This satellite is presently in 

operation and provides communications services at Ku-band. It will be followed by 

ECS, the European Communications Satellite System, which will use wideband 

TDMA at Ku-band and TV distribution. Most of the European PTTs do not see & 

requirement for satellite communications for their internal traffic, and they have 

only reluctantly gone along with political pressures to participate in the BeS 

system, but their lntent is to partiCipate at a minimum level of only one station per 

country. By the very nature of such 8. network~ the single station will serve as a 

gateway station providing relatively heavy gateway traffic to other European 

countries. One ot the problems associated with this type of system is the extensive 

use of even Ku-bOnd for terrestrial microwave links. For example, the German 
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Bundepost states that in Germany it may be possible to clear only one location for 

Ku-band earth station operation. This is a location outside of Fl'e.nkfurt which is 

being used for OTS/ECS. 

Other European Opportunities 

There is a likelihood that Italy may proceed with the implementation of 

a domestic system operating at Ka-band. This system would use approximately 22 

stations providing high density trunk traffic. 

Western Europe has a much greater density of population and GNP per 

square kilometer than other regions, as shown in Table 8-1. 

In a gen~;ral Seri,04.~, satellite com municlltions wiJ.l be most advantageous 

relative to terrestriol communications in those casles where population density and 

especially GNP density is low. High GNP density permits the cost-effective 

installation of terrestrial communications facilities. Spain, Scandinavia, and some 

of the other European countries have lower CNP densities and are even bettor' 

prospects for dome1>tlc and regional satellite communications, 

Some European countries have strict policies concerning national con­

tent in telecommunica .ions procurement which is government controlled. This 

applies specifically to France and Italy. Where there is no viable local source, 

imports are considered. 

8.1.3 Latin America 

Argentinl! 

Argentina has indicated interest in a lease of INTELSA T transponder 

for the implementation in 1981-1982 to provide 78 circuits (48 circuits on primary 

routes and 30 circuits on thin-routes) initially and to grow thereafter at the rate of 

10 to 15 percent per year. Also included would be one TV channel for an occasional 

use. Earth stations presently planned would be constrained by the relatively low 

EIRP available from current INTELS AT sah: lites; that is, 22 dBW on global beam 

transponders and 20 dBW, on hemispheric beam transponders. AccQi'dingly, earth 
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Table 8-1 

.Typical Population and GNP Densities 

Area 

Population .. GNP·· (Sq. km) 

Country (Millions) ($ Billions) (Thousands) 

Canada. 24.1 259.8 9,916.1 

United States 222.2 2,100.1 9,363.1 

F~ 53.8 615.4 541.0 

Germany, F.R. 61.3 919.2 248.6 

Sweden 8.3 115.1 450.0 

Spain 31.6 168.6 504.8 

Japan 111.5 1,406.0 312.3 

Brazil 122.0 221.4 8,512.0 

Argentina 27.1 34.5 2!776.9 

Saudi Arabia 8.1 102.9 2,149.7 

Algeria 19.3 36.9 2,381.7 

China 985.9 577.8 9,596.9 

Nigeria 17.2 45.4 923.8 

Zaire 29.6 S.D 2,315.4 

*mid-1980 popula.tion in millions 

**mid-1980 GNP in billions of 1980 doaar~ 

Pop. Density 

(Pop.Jkm2) 

2.4 

23.1 

98.4 

246.6 

18.4 

14.5 

315.6 

14.3 

9.8 

.3.8 

8.1 

102.': 

83.6 

12.6 

GNP Density 

(k or GNP /km 2) 

26.0 

288.4 

1,234.1 

3,691.5 

251.1 

334.0 

3;116.6 

26.7 

12.4 

41.9 

15.5 

60.2 

49.1 

2.1 
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1 
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stations will be in the 5- to 13-meter. diameter category. Present plans in 

Argentina would be an Initial number of fifteen 5- neter stations in 1981-1982, 

growinl to twenty-five 5-meter stations by 1989. StatioN! u small .s 3-meter 
diameter are aIIo considered. 

Bolivia 

Bollvia is considering the usc of an INTEVSAT transponder for domestic 

communications. Their tentative plans consist of the use of 1/4 of the transponder 

with an ll-meter central station al1d with two to three 8-meter remote stations. 

These are very initial plans, and once the system is implemented it is certain that 

the number of earth stations will be increased. 

Br6.4:il -
Brazil is presently leasing two global beam transponders and 1/2 of 8 

hemispheric beam transponder. Brazil is planning to expand its system in the 

future. The system is presently exclusively FDM/FM telephony and FM television 

but expansion to SCPC is very likely. 

In 1975 and 1976 when Brazil still 'lctively planned its own dedicated 

space segment, it was expected the initial sy~'tem would consist of approximately 

12 ~ackbone earth stations operating in 6 trunk traffic mode with FM or TDMA 

carriers arad an additional 30 to 40 earth stations operating in an SCPC mode. All 

earth itations were to use 10-mt!ter diameter antennas becau..c;e of a prototype 

design of this type of antenna. that had been developed by the Brazilian state 

company A vibt'RS. 

Chile -
At present, Chile leases 1/4 of an INTELSAT transponder with two 

operating stations. For additional antennas and additional applications, SCPC will 

be the m()St promising technique since link requirements will generally be small. 

180 

, 
" 

\ 



I, 

, 

~ 

I 
~ , 
r 

Chile's main motivation is to provide domestic I;atellite services to the 

province of Malallerles in the south. The remainder 01 the country Is served by a 

fairly extenalve microwave backbone network which \ltretches trom Arlce in the 

north to Cutro In the south. This 3,200 kLlometer backbone provides service3 such 

8S telephone and television. 

The southern part ot Chile is extremely rugged and extends about 1,200 

kilometers from Castro to Cape Horn. The region contains many islands r 

mountain.s, and ice fields. The province has approximately 100,000 inhaoitants 

primarily in the population centers of Punta lirenas, Puerto Hatales, and Porvenir. 

SatelUte techniques are ides.lly suited to thls region since extending the terrestrial 

microwa'fe system further south would require numerous microwave hops from 

island tc island which would be expensive to install and nearly impossible to 

maintain. 

Besides the presently planned stations, ~"!IJ ~~pect the oatellit, etwork 

to grow (LS e~perience is gain,ed and other cities wlll eventually be brought into the 

network. Bece,use of the mature terrestrial network existing today we expect the 

earth station growth to be moderate. 

Colombia 

Colombia at present leases space segment from INTEI~SAT. 'rhere are 

three earth stations with 30-meter diameter. By 1982, a total of 8 trunking high 

capacity stations and 15 SCPC stations ot less than IO-meters In size are planned. 

The topogre.::>hy ot Columbia can be divided into two categories. The 

west, wher.e the vast majority of the population ( 98 percent) lives, is character­

ized by mountains. Much of the remaining portion of the country, to the east of 

the Andes is very sparsely populated. The eastern region is characterized by 

plains, vil.'gtn forests, and the river basins of the Amazon and Orinoco Rivers. Most 

transportation In the east is by air since the road network is not extensive and hard 

to maintain, 
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Provision of telecommunication services to the eastern region via 

microwave is not feasible because of the vast distances between the existing 

microwave facilities and the major eastern POPulation centers. The present 

microwave system provides service among the western cities. 

The COlombian government has been exploring the possibility of launch­

ing its own satellite. Such a development will likely affect the growth of earth 

stations dramatically. The satellite system designated SATCOL h6.s an orbital arc 

position applied for and its introduction will likely encouf'aga satellite systems on a 

regional basis. 

In this rEigard, an Andean regional system has long been planned and it 

would include the Andean nations of Bolivia, Ecuador, Peru, and Venezuela in 

addition to Columbia. The SATCOL system could well be a predocessor to the 

Andean system if Columbia chooses to lease spare transponders and if SATC" 1; 

provides r'easonable coverage to any of the Andee.n nations. 

Mexico 

Mexico hss recently announced plans for satellites for domestic 

communicalt,;ns. Mexico is not sufficiently covered by any of the INTELSAT 

satellites, the Mexicans are therefore leasing space through INTELSAT on a U.S. 

satellite. When space segment is made available that provides adequate coverage 

to all of Mexico, we expe~t that Mexico will become one of the major IIsers of 

domestic satellite communica.tions. 

There I:tl'e numel'ous ci.ties in Mexico with large popullltions. Mexico 

could be properly covered as early as 1983 by various satellite systems. Chief 

among these are a specialized IN'T'hLSAT satellite which provides capacity for 

domestic use and perhaps a U.S. domestic satellite with a spot coverage of Mexico. 

In later years a Latin American regional satellite could cover Mexico. Because of 

the uncertainty of adequate coverage of' Mexico, this market may not develop vp.ry 

quickly. 
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Peru he. four Standard B domestiQ stationa with a total of 188 circuits. 
TV transm13s10n is also used. Peru has not announced any plans for immediate 

expansion. Peru's relatively larae physical ~:dent, low population density, and 

rugged terrain make it ideally suitable for the later introduction of a large number 

of earth stations. 

The present telecommunications network in Peru provides coverage 

primaril~' of the coastal reglon. This arid and sandy region is separated for the 

remaining ~pulation cent4!rs of the jungle by th~ Andes Mountains. The eastern 

region ot this country consists of dense tropical forests and lowlands surrounding 

the Amnz\)O basin. The eastern region is characterized by high humidity and 

abundant rain of over:) meters per year in some arer;.s. 

'y"enezuel! 

At this time Venezuela has not announced any plans to use satellites to 

meet Its communications needs. Venezuela is an extensive country of nearly 1 

million square kilometers and wide ranging topology. Primarily because of the oil 

fields located hear Maracaibo the GNP per capita has been steadily rising. Like 

many tropical countries access to interior areu is difficult and although a 

microwave cummunications system exists, satellite communications would allow 

rapid expansion of facilities at reasonable cost. 

8.1.4 Africa 

Since 1976 when dom~.stic service via INTELSAT was inaugurated with 

the lease of spare transponder capacity to Algeria, Nigeria, Sudan, Zaire and 

Uganda have leased a total of six transponders from INTELSAT for use with over 

50 earth stations. Ust; of INTELSAT space segment has allowed ~xpJUlSion of 

existing facilities for very low initial outlays, and Africa will continu~ to demand 

satellite services as experience grows with these a.!.ready operating systems. 
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NiJeria, 

Nlrerla I. pre.enUy leasing three transponders trom INTELSO\T, and 
continues to be internted in a separate domestic and regional satellite s~,~em tor 

Itself and West Atrica. Systems planning at this time considers 1.6 additional earth 

stations, in addition to th~ 19 earth stations now used in the Nigerian lease with 

IN1'ELSAT. The service provided would be 100 voice and data SCPC shannels in 

1982 and would rise to 300 channels in 1988 plus two TV channels throughout this 

period. 

Sudan 

Sudan' is presently leasing capacity trom INTELSAT tor its domestic 

applications. One tull global beam transponder is being used tor TV transmission 

and for SCPC. The system is designed to carry TV, telephony, Telex and 

telegraphy traiiic among 13 remote stations and a roaster station at Sudan's capitol 

Khartoum. Single channel per carrier companded PM is used for telephony. 

Initially the Sudosat .ystem will provide scpe in a star network, and eventually 

the network will operate as a mesh network in the demand-assignment multiple 

access mode. 'l"here are 14 earth ste.tions presently operating in Sudosat. 

Zaire 

Zaire provides domestic satellite communications by means of 

INTELSAT transponder lease. A global beam transponde.r is being used to carry TV, 

video PM broadcast, scpe companded Z.'M and Telex transmissions. The system is 

designed tor 84 SCPO shannels. Thirteen earth stations are being used. They have 

a OfT of 44.3 dB/K, and the antennas have l4.S-meter diameters. 

Other African Opportuni ties 

Besides the Atrican nations already listed, there are many other 

count.ries which are candidates for satellite communications. Because of the low 

population den.,ity in m<Aft of Atrica and the widle range 0)' topologies of most 

nations, small earth stations will, in many cases, satisfy their needs. In addition, 

the costs of terre3trtal microwave systems are often prohibitive, while satellite 
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system. which Ie ale space segment are much more cost-effective' In most 

instanoes. AU of these tactors are Ukely to innucnce the growth ot efU'th station 

marketa in Africa. 

S.1.! Middle East 

The Middle East is seeing an era of rapid economic growth ~put'l'cd on 

by t~e oll reserves in many of its nations. Generally speakln~ the Middle East cnn 

be cOIlIidered to comprise the Arab speaking countries. Two of these countt'ilJs 

werfl covered under Africa, I.e., Mauritania and Sude,n. The League of Arab Sto,tCG 

is a(!tlvely planning a regional satellite system to become operational before the 

mid-·1980's. The Arabsat system may contain over 2,000 Chfll\nelc; InitlaUy 

distributed among the major Arab cIUE/s. An initial complement or 40 earth 

stations of the Standard B type (GIT = 31.7 dB/K) is probably conservative and 

many !4maller earth stations designed tor community TV re~~.,i:ion at 2.5 GHz LU'C 

enviaioned. Althourh the Arabsat system has been described I1S Ii regional system 

to be used tor communications between Arab states, it is not inconceivable that 

domestic services will one day be provided via Arabsat if capacity permits. 

Four of the Arab states are presently leasing INTELSAT space segnHmt 

for domestic communic:ations: Algeria, Sudan, Saudi Arabia, and Oman; two arc 

undergoing approval by INTELSAT to space segment lease1 Egypt and lI'llq; and two 

have made inquiries concerning space segment lease: Maur~tani8 and Morocco. It 

is clear then that satellite communications fU'e favorably regarded In the Middl!~ 

East. 

Alger.!! 

Algeria was the first country to lease space capacity from INTELSA r 
for domestic com munlcations. Since the J 'e began in late 1974 the system ha.s 

grown to 15 earth stations accessing one transponder. SCPC/FM is used throughou't 

with about 140 channels total. Demand assignment is not presently utilized, but ru; 

the system grows it will Ukely become a necessity. The 15 ea,-th stations presently 

185 

I 
,I 
Jl 

"' , 
" 

i 1 

j 
j 
1 

t 
1 , , 

j 
I 
~l 



"," , 1 

1. 

I' 

~ 
I 

• 

;;;; ¥4 R4 

oper,Unc cover citle. scattered over the whole of Algeria. The system allows 

delert clUes to oommunicate with the coastal population centers and growth 

beyond the praent aonnrur.tion Is likely to be enc.ouraged by the Atabsat system. 

Egypt's lease with INTELSAT began early in 1980. It is rather unique in 

that it lerves a communlections network between Cairo and Egypt's embassies 

around the world. 

Although there are riO plans for a more conventional domestic system at 

this time then may be some <7c>portunities for expansion of this private network: to 

oUlsr embusi.. in the future and we expect that expansion to cover Egyptian 

population centeMi n!'lt now adeqlOately covered by microwave is inevitable. 

Saudi Arabia 

Saudi Arabia presently leases 2 1/4 transponders from INTELSAT to link 

15 earth stations diatrlbuted throughout the country. Based on Saudi Arabia's 

major participation in Arabsat and its high GNP/capita and GNP/capita growth; it 

can be expected to be a major user of satellite com munications in the Miljdle East. 

Large expenditures have been made recently to develop a more extensive micro­

t,ave syatem within Saudi Arabia. Ground transportation is still poor between th~ 

large cities and as economic growth continues communications between these 

clUes wlll be inoreui",ly important. 

Riyadh is experiencing a period of rapid growth at this time while 

oommunioatkms are poor. As many corporations set up offices within Saudi Arabia 

the demand for better communications will be crucial to ~~ntinued economic 

11'0wth. The easiest way to improve this situation, especially where a domestic 

satellite system already exists is to provide thin-route stations at many points 

throughout the cities perhaps ali roof top stations and we therefore see a 

proliferation of such stations in Saudi Arabia. 

186 

~_~ ___ "'. ____ """''''I''.''' .• '''''+''''I __ '''' .. _""'' __ i."~)OO'tt;«\"_,a..........~,J.;.o- .• ' - ..... ,~ .. < .. 

1 
; 
I 
l 

i 

1 
1 
1 

i 
1 

1 

I 



,H" --"-_4_- --...... -.... -'"-.--.-----~'f~~--__ 

Arabsat 

AI mentioned previously, Aratsat will serve some 21 Arab states. 

Initial plans call for ',000 SCPC chaMels among 40 stations linking the major Arab 

cities. Theae stations will be of the Standard B variety and will also handle 

trunklnl traffic probably PM and network TV. 

8.1.8 .A!!!!! Opportunities 

l~dla hes implemented a domestic sateUite network linking five remote 

areas to the Mtional network at New Delhi and Madras. All the remote stations 

have poor communication facilities at present. In the case of Leh, located in an 

isolated valley if! the Himalayas, there was no ecnnection with the national. 

netwQt".t prior to initiating satelllte services. 

Ther!~ are many areas of this type within India and an Indian domestic 

satellite system, ltlsat, is due to become operatlont1j in 1982. This system will link 

the country with thin-route communications facilities at C-bl:iJ\d and TV network 

operating at 2.5 GHz. 

Indonesia 

Since ml<1-1978 Indonesia has been providing domestic satellite com­

munications to its many islands via the Hughes Aircraft Company-built Palapa. 

satellite. The system consists of two in-orbit satellites, (one is a spare), each with 

12 transponders at C-band. There are presently 40 operating earth stations; a 

master control station, 18 main traffic stations and 21 light traffic stations. In 

addition, there are ten 5-meter stations linking remote towns to the system. 

At this time, a follow-on system is being planned, designated Palapa B, 

and it is a cooperative venture of the ABean countries of Indonesia, Malaysia, The 

Philippines, Singapore, and ThaOand. The Palapa B will most likely become 

operational around 198Z. ~ased on the present expansio\'1 within Indonesia and its 
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1 
commitment to utellite communications, we expect thE network to continue 

l1'0winc through the llfetime of the current Palapa satellite series and into the 

'alaps B era. 

Peoples Republic of China 

The Peoples Republic of China has recently been discussing plans to 

implement a domestic satellite system. Under proposals being discussed, COMSAT 

would provide technical assistance to China in building a netw(':;~rk of satellites and 

earth stations. Under such an arrangement between the U.S. and the Chinese 

government, it Is expected that a great deal of equipment would be purchased in 

the l!nit~d States. Some technology transfer and perhaps local manufacture may 

be required. If1 any case the market is bound to be large considering the population 

and the wide range of topology of China. 

In addition, China has made inquiries of INTELSAT concerning leased 

satellite capacity. Two systems are being discussed, one for a TV distribution 

system to remote areas and one which will link remote areas to Peking by thin­

route SCPC telephony using a total of 200 channels. Peking would have II 15-meter 

station with 10 remote stations of 5-meter diameter initially. 

Pakistan 

Pakistan has recently announced plans that it intends to lease 

INTELSAT space segment beginning around 1985 for telephony, Telex, data and TV 

distribution. The non-TV services would require about 240 channels initially and 

are projected to grow at a 14 percent annual rate thereafter. The earth station 

network would initially be six stations expanding to 20 in 1989. 

Philippines 

The Philippines, like Indonesia, consist of several large islands which 

are well suited to satellite .,ervice. The Filipinos have been leasing capacity on 

Palapa, and are involved in the Palapa B system. 
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Thuiland is involvcd with Palopu B discus!;jolls, lJlllil«(l Indor1I'!;ill Illd t 11(' 

Philippines, Thailand docs not consist of many islunds hut nevcf'tlH.'\tH;s ('OVP/'<j :;UII1(' 

500,000 km 2, nearly twice that of the Philippines. 

8,1.7 Other Areas 

Australia 

Australia has contracted with COMSAT for the design of a domestic 

system. There will be up to 50 receive-only terminals. Australia has conducted 

extensive studies concerning its domestic satellite communication system and the 

plans are now before the government. It is very probable that Australia may 

implement a domestic system, to some extent for political ['easons, to provide 

communicaticlls services to the scattered population throughout the interior of the 

country where te,'restrial communications do not exist and are not practicaL Sl'ch 

communications would be enhrely thin-route bush type SCPC stations. Hundr8ds 

of terminals are foreseen. 

It is probable that Australia will initiate a pilot system for SCPC 

transmission before going ahead with its own dedicated satellite system. These 

SCPC stations would be of the simple, low-cost nonexpandable type. When and if 

an Australian satellite system is procured, it is possible that service may also be 

provided to New Zealand. 

New Zealand 

The entry of New Zealand into the satellite earth station market will 

probably revolve around Australia's decisions. The most likely scenario [or New 

Zealand is sharing of space capacity with Australia. 
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South Africa 

As of now, South Africa has not annouilced plans to use satellites for 

domestic communications' purposes. It clJuld be served by an INTELSAT lease or 

perhaps an African regional system. South Africa is different fflom other African 

nations In that its GNP/capita is significantly higher and to a large extent is more 

developed. 

Based on our model of telecommunications demand, the total number' of 

earth stations projected for South Africa is nearly 100 in 1990. However, based on 

the curr.ent state of politics in South Africa, it is unlikely that there will be much 

interest in sate1lite communications. Even if there were to be an orderly transition 

of government, it seems unlikely that a satellite system could develop in the near 

future and certainly not within the next five years. Accordingly, we do not foresee 

a viable mlll'ket in South Africa. If South Africa could have control over its space 

segment either through individual or joint ownership, it is conceivable that the 

market could develop before 1990. However, the leasing of space segment may not 

be consid€:,~:J viable since just as sanctions have been imposed on South Africa, 

access to space segment can be denied. 

~nia (South Pacific Islands) 

Oceania is the collection of South Pacific islands including Fiji, Samoa, 

and French Polynesia. We have forecast very little demand for telecommunica­

tions' services in this area based on the traffic model. 

The widespread geography of this area makes the use of satellites ideal 

especially in light of the now minimal communications' facilities. Some traffic to 

U.S. installations of the Department of the Interior has used the ATS satellite. 

This could develop into a market for small earth statk'lns, but its size is difficult to 

estimate at this time. 
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8.2 Estimate of the Potential Spacecraft Market 

We have based the estimate of the potential spacecraft market on the 
systems scenarios developed earlier in this report. irhis implies that the total 

spacecraft ma;ket can be easily deduced froral the launch schedules shown 

previously. 1'he overall market developed in this manner is Shown in Table 8-3. 

Year-by-year values are not shown to avoid the impression of unwarranted 

precision. 

Given the total market, it is then necessary tp estimate that portion 

which will be "captured" by U.S. industry. In so doing~ we have relied on Ol!;'" 

qu.\litative analysis of the market environment In the various world regions, as 

presented earl:er in this section. The estimated "capture percentages" are shown 

in Table 8-4. The exact figures are, of course~ open to argument, and depending on 

ona'spoint of view, some of them would be adjusted upward or downward. We hevt,' 

used oUr best Judgment, but have included the earlier discussions in ordl)r to allow 

some insight into the judgment pl'oc·ess. 

Table 8-3 

Total 30/20 Trans20nder Market 

Low Traffic Model 

1990 1992 1996 2000 

Canada 27 37 50 63 

Western Europe 450 574 815 1,082 

Japan 173 209 267 313 

Latin America 110 156 282 445 

Middle East 23 33 66 140 

China 9 13 28 56 

Asia 67 95 181 337 

Africa 19 24 34 45 

Others 10 13 21 29 
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Table 8-4 

Capture Percentages for 
30/20 Space Segment 

North Amer.fatt 
Canada 
Western Europe 
,,·lpan 
Latin America 
Middle East 
China 
A~ia 
Africa 
Others 

90% (including U.S.A.) 
90 
o 
o 

70 
70 
70 
50 
70 
90 

Based on the capture percentages shown above, we have computed the 

number cf 30/20 GHz transponders that will be 'furnished by U.S. industry during 

the pericd 1990 to 2000. This is shown in Table 8-5. Using the spacecraft costs 

develope.' in Section 6, the total value of this market is approximately 450 million 

1980 dollflrs. 

Table 8-5 

Transponders Sold B~ U .S. [ndustr~ 

Low Traffic Model 

1990-1992 1992~!9!y6 1996-2000 

Canada 33 12 12 
Western Europe 0 0 0 
Japan 0 0 0 
Latin America 109 88 114 
M idelle East 23 23 52 
China 9 11 '20 
Asia 4P 43 78 
Africa 17 7 8 
Others 12 7 2 

Total 251 191 291 
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o.~ Estimates of the Potential Earth Station Market ..... , 

The amount of traffic handled by an earth station can vary over a wide 

range. We have examined data for some existing systems, and probable "alues tor 
planned systems, and have Goncluded that the most readily applicable method M 
sizing the earth station market is to bas~ the number of earth stations on the 

traffic VOlume, using some fixed propl'rtional factor. Different correlatIon factors 

have been developed tor Japan and Western Europe and for NorUl America. These 

factors .... e lower tha.n those used for the remaining regions Uecause; 

1. The exiStence or mature terrestrial communications facilities in 
these regions makes satellite communications less necessary. Fur­
thermore, regions w\th heavy terrestrial networks cannot as eosily 
tolerate a proliferation of earth stations due to interference 
conslderation. A good example of this is West Germany, where 
earth station sUes have been limited due to interference condi­
tions. 

2. Regions with high GNP density, I.e., GNP per km2'~ have more need 
for short communications links and hence are more likely to use 
terrestrial communications and to continue to expand on existing 
f ao iIi ties. 

The following correlation factors are averages over the 20-year study 

period. No attempt has been made to approximate a function of time to the 

correlation. 

Earth Station Correlation Factors. (earth stations per transponder) 

Japan and Western Europe 

North America 

All Others 

9.0 

16.0 

19.0 

These cor~elations factors represent system 8verages. A larger number 

of earth stations per transponder would reslJ1t from a pure data transmission 

system, but the number of transponders required would be relatively small. On the 
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other extreme, a high capacity trunking system for t.elephony trQrasmission will 

requl.-e fewer earth stations per transponder than those estimated for the systems. 
averlle. 

Using these correlation factors and the data produced by the traCCic 

model, we have calct.\lated the total mRrket for 30/20 GNZ earth ste,tions, including 

multifrequency stations. This is shown in Table 8-6. 

Next, in a manner similar to that used for the spacec.raft market, we 

have estimated the cs,pture percentag'es for U.S. industry for the earth station 

market. These are generally lower than for the spacecraft market, primarily 

because the earth station components are already manufactured by 8 large number 

of firms worldwide. The capture percentages are shown in Table 8·-7, Using these, 

we have derived the market which is likely to be sold by U.S. industry; this is shown 

in Table 8-8.. Total dollar value is difficult to estimate due to the varying types 

and cQpacities ot the earth stations, and the use o~ multi-frequency station..<;, but 

could be in the range ot 450 to 2.700 millions of 1980 dollars. 

Table 8-6 

lata! 30/20 Earth Station Mark "t 

Low Traffic Model 

1990 1992 1996 2000 

Canada 432 592 800 1,008 

Western Europe 4,050 5,166 7,335 9,738 

Japan 1,557 1,881 2,403 2,817 

Latin America 2,090 2,964 5,358 8,455 

Middle East 437 627 1,254 2,660 

China 171 247 532 1,064 

Asia 1,273 1,805 3,439 6,403 

Africa 361 456 646 855 

Others 190 247 399 551 
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Canada 
Western Europe 
Japan 
LaUn America 
Middle East 
China 
Asia 
Africa 
Others 

Table 8-7 

U.S. Industry Capture Percentage 

for 30/20 Earth Stations 

North America 

Canada 

Western Europe 

Jepa" 
Latin America 

Middle East 

Chino 

Asia 

Africa 

Others 

70% (includ!ng U.S.) 

20 

20 

5 

50 

50 

25 

30 

50 

30 

Table 8-8 

!!!l/20E.!l!!~t8tlons Sold By U.S. Industry 

Low Traffic Model 

1990-1992 1992~1996 

120 40 
l,,030 435 

95 25 
1,480 1,~WO 

315 ~\15 

60 70 
540 490 
230 95 
15 45 
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1996-2000 

40 
480 

20 
1,550 

700 
135 
890 
105 

45 
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1.n Ill) ex~p!t1y corresponding manner to that tlsed (or the Pl'Pt1t)e'lin~r 

computations, we have estimated the markets for the high tt·nffi(, model. Tlw 

figures are naturally subs'(ontialJy higher, The space scgmrnt mnc'krU, 111'0 :;howli III 

Tables 8-9 and R-IO. C~lpture percentages Were assumed to be the same Illl for the 

low traffic model. 'rhe market is about 900 million 1980 dollars [or f).S. industry. 

Tables 8-11 and 8 .. 12 present the dota for tlJe 1'Ill'tl1 s('!rnent InIJl'k(!l~; 

The total U.S. industry share will ranftc from about 1.7 billion '.0 8.4 billion l!iRf} 

dollars, depending on the mix of ground equipment and eurth 3tat'on Aiz(~s. 

ruble 8-9 

Total Market for- 30/20 GHz Trh .. Jonder~ 

High Tra.fflc ~1odel 

... --
1990 1992 1996 2000 

North America 3,016 4,630 6,649 7,704 

Western Europe 569 1,056 4,530 lO,:,()2 
Japan 2t3 376 1,575 a, Ill)! 
Latin America 1l!1 1.58 287 lWI 

Middle EAst 24 35 76 245 

China 9 14 30 GO 

Asia 68 96 183 3·12 
J 

Africa 19 24 34 ·15 

Others 10 13 22 35 
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Table 8-10 

Trans,2onders Furnished BX U.S. Industrx 

\ 
His:h Tramc Model , 

I ~~ i ~ 

1990 19£1-1992 1993-1996 1997-2000 
\ , 
I CanadA 270 145 180 95 . 

Latin America 75 30 90 140 
Middle East 15 8 25 120 
China 6 3 10 20 
Asia 35 15 40 80 
A(rica 13 3 7 8 
Others 7 2 6 9 

Table 8-11 
, 
1 

Total 30/20 GHz Earth Station Market 

His:h Traffic MOdel 
J 

(Numbers of Earth Stations) 

I 1990-1992 1993-1996 1997'~2000 

Canada 7,400 3,200 1,700 i 
I 

Westel·n Europe 9,500 31,000 53,000 l Japan 3,300 10,000 18,000 

Latin America 3,000 2,400 3,700 • 

. Middle East 650 780 3,200 
I 

China 270 300 570 

Asia 1,800 1,600 3,000 
~. 

Africa 450 1.90 200 , OH,ers 250 170 250 ) 
4 I I j 

1 
j 

i 
,I 1 
I j 

) 
i 

1 
~ 

.. ~ 
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Table 8-12 

30120 Earth Stations Furnished b~ U .s. Industr~ 
,!fiSh Traffic Model 

1980-1992 1991,-1996 1997-2000 

Canllda 1,400 640 340 
Western Europe 1,900 6,200 10,600 
Japan 160 500 900 
Latin America 1,500 1,200 1,860 
~1'1 iddle E 1st 300 390 1,600 
China 70 75 140 
Asia 540 480 900 
Africa 220 100 100 
Othe~ 75 50 75 

8.5 Market Summary 

Based 011 our judgment of the market potential, the total U.S. opportun­

Ity tor 30/20 GHz equipment tor 1990 to 2000 is as shown in Tanie 8-13. 

Significant markets exist tar U.S. industry in Europe and Latin America. 

Market estimates of this type are subjec~ to considerable variability 

due to the newness of the 30/20 GHz service and the political uncertainties 

involved with sales to foreign telecom munications operators. 
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Table !:ll 
Market Summary for 30/20 GH~t§ystems 

Total ~pace Segment 

Sales - Transponders 

1980 Dollars 

Tot~ Earth Segment 

Sale/} - Earth Stations 

198Q Dollars 

Total Market for 
U.S. Industry 

1980 Dollars 

High Traffic 

1,450 

$900 Million 

32,000 

$1.7 - $8.4 Billion 

$2.6 - $9.3 Billion 

200 

Low Traffic 

1 
730 i 

$450 Million 

10,600 

$0.6 - $2.7 BillIon 

$1.0 - $3.1 Billion 



SECTION 9 

LAUNCH REQUIREMENTS FOR 30/20 GHz SA'rELLITES 

Based on our assessment ot advanced 30/20 GHz satellites, we have 

concluded that the majority of them will be too large to be conveniently 

accomodated on conventional launchers. This implies that they are all prime 

candidates for the STS (Shuttle). On this assumption, Table 9-1 shows the number 

of full Shuttle launches needed to place these satellites in orbit. Each of the 

advanced satellites was assumed to occupy the Shuttle bay along with its transfer 

vehicle, and to fill the bay completely. 

We have not included the effects of the market capture in estimating 

the Shuttle requirements. The main reason for this is the absence of a competing 

transportation system. Thus, even satellites constructed wholly or partially in 

another country arc considered to require the US built Shuttle. 
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SECTION 10 

IMPLICATIONS OF SYSTEM AVAILABILITY 

One of the factors affecting user acceptance of a service offering is 

the avai~ability usociated with the service. To some extent, a decrease in 

availability can beotfset by a decrease in price; how large a decrease In price is a 

subject for much discussion. However, there wlll also be some services for which 

the reduced availability is unacceptable at any price. This section considers the 

implications of the availability of 30/20 GHz satellite links on the market 

acceptance of those links. 

10.1 Link M~rKin Considerations 

It is well known that rain attenuation is a severe problem at 30/20 GHz. 

Depending on the model used, attenuations of over 100 dB are predicted for 0.01 

percent of the time for some climates. By contrast, the maximum reasonable 

margin in a satellite link is about 20 dB. It is usual to propose that either space 

diversity or frequency diversity be used to combat these excessive fades. Both 

these approaches involve considerable extra expense. 

In order to select regions of the world where the use of 30/20 GHz will 

not encounter too much rain attenuation, we have made use of the climate map 

developed for the CCIR. (International Radio Consultative Committee) This map 

is shown in Figur;~ 10-1, taken from Reference 11. Using the techniques developed 

ill Reference 11, we have computed estimates of the link margiml needed at 30 and 

20 GHz. These margins are shown in Tables 10-1 and 10-2. 

USing a 20 dB maximulll margin as a guideline, we see that only Zones 

E, G, and H are unsuitable for availabilities of 99.9 percent. However, no zone is 

suitable, without diversity, for availabilities of 99.99 percent. Thus, only the 

highest traffic reliability would be excluded if a 20 dB margin were used. 
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Table 10-2 

Precipitation Margins at 30 GHz 

(dB) 

Outages 
Climate 

Zone 0.01% 0.05% 0.1% 

A 16 6 4 

B 28 12 8 

C 45 17 11 

0 71 31 21 

E 157 92 66 

F 49 20 H 

G 118 65 46 

H 215 127 91 
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10.2 Space Diversit~ 

Space diversity has been used for a number of years in terrestrial 

microwave systems. In such systems it Is generally used to combat degradations 

due to ducting, multlpath, and other phenomena characteristic of paths near and 

parallel to the earth's surface. The use of space (or "separation") diversity with 

satellite links is primarily intended to combat high attenuation due to intense 

precipitation. The basis on which the method rests is the observation that regions 

of intense rainfall are generally limited in geographic extent. This is true for 

temperate climate!. The physical separation of the satellite earth stations then 

serves to reduce the correlation ot such heavy rainf.all at the sites. Some simple 

mcans ot choosing th" better of t.he sites at any instant then completes the 

dlve.-,ay system. 

A useful tool in th~ study of diversity systems is the concept of 

!fdi~/ersity t;sin", as developed oy D. Hodge of Ohio State University. The derivation 

of divertJity gain is best illustrated by a figure. In Figure 10-2 the two curves to 

the right are the individual cumulative time distributions of attenuation for the 

two sites operating individually. The single curve ~o the lett is the cumulative 

time distr'ibution for diversity operation; that is, the better of the two stations at 

any instant. As shown, the distance between the curves for the same percentage 

time is the diversity gain in decibels. 

Hodge ot Ohio State University has determined an empirical relation­

ship between the separation distance, fade depth and diversity gain based on 

measurements made using ATS-S. These measurements were taken at 15.3 GHz. 

This relation is as follows: 

-bD 
G = a(1-e ) 

where 

G :::: Diversity gain in d3 

D :::: The site separation distance in km 

a = A-3.6(1-e -O.24A) 

A = The single site attenuation in dB 

b = O.46(1-e -O.26A) 
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Data taken ui;ing ATS-6 indicated that the diversity gain was not 

strongly dependent on frequency. The optimum separation fOl' the diversity sites 

seems to be about 8 to 10 km. This function is shown In Figure 10-3. 

10.3 Pade Durattion and Annual Distribution 

Tht! duration of typical fades (outages) and their distribution throughout 

the year have an impact on the acceptability of the communications link. Typical 

data a.v~.ilable from experiments Indlc&te that fade durations of 10 minutes are not 

uncommon in the continental climates, for fades of 10 dB at 3G GHz. It \s quite 

difficult to typify the data; therofore, representative experimental ~'ellults are 

shown lJi Figures 10-4 through 10-7. At the 10 dB level at :lO GHz, \:h~ majority of 

fades are less than five minutes in duration. 

Another consideration is the distribution of outages throughout the 

year. r}"f~ worst month can easily be rive to ten times as bad as the annual 

averageu Data from Reference 13 are shown in Figure 10-8. The original data 

were collected at 11.7 GHz using CTS. Distributions cf monthly rainfall data are 

shown in Figures 10-9 and 10-10. These also illustrat,,, the yearly variation, but the 

situation with peak rain rates is worse. This is due to the high incidence of 

thunderstorms during the summer months. It is these intens~ storms that produce 

the maximum rainfall rates. 

10.4 Selection of Regions for 30/20 GHz Systems 

One use for the availability criteria is to select likely areas for 

applications of 30/20 GHz systems. USing the world zone map and Tables 10-1 and 

10-2, it is possible to determine regions which wlll yield a given availability with a 

given margin. For some regions, however, other factors may apply. For example, 

regions which currently do not enjoy good telecommunications may be more willing 

to accept lower availability than the developed nations, which are generally 

accustomed to a very good grade of service. 

In some of the tropical areas, the occurrence of intense rainfall over a 

significant portion of the year will tend to produce very poor availability during 
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, IN MINUTU 

Figt're 10-4 

PERCENT OF TOTAL NUMBER OF FADES FOH WHICH 
LENGTH EXCEEDS THE ABSCISSA. BASED ON 17.8 

HOURS OF RAIN DATA AND A TOTAL OF 182 FADES 

Source: Reference 14 

210 

1 

:~ 

j , 
I 
l 

1 
J 



... ~­
~:f' 

( 

I 

l 
t 
~ 
! • t· 

~ 

· : 

· f 
"n 

{ 

N 
~ .... 

--' ~~ . 
...-"'--" 

to 80 

I 
70 

II 
50 

19 GHz. Slo'8C" England 37 GHz. SI~. England 

80~ 
23 Months servatlon 50 Months ~ervatlon 

5 to 62 - Elevation 5 ttl 62- Elevation 
. Angles Angles 

40 
A"'o-.ao.. 

A-s- Dunric!fl F ... ;.. 5d8 - 4.81 .... 

SOH F ... > 5dB - 1.13 min F ... ;" 'Od8 - 2..4 min 
F .. >'0d8-1 ..... ........ ~ 

en SIMdIwd DIMMion F ... ;..6d.-U .... 
UI F ... >6d8 -13ai1n F .. >'Od.-1.7 .... 0 F ... >'0d8 ....... 
< 40 S ...... .,....ofA-. lL. SIMderd o.wation of Awr. F ... ;.. fide •• 44 
lL. F .. ;;' lidO - .13 F .. >,OdI- :Z 0 FeeSe> tOde - , 20 a: 
UI 
m 3D o Fades;;' 5dS 
~ 
:::l 

eJ Fades ;.. lOdS z 
10 

10 20 30 
10~ 

o~,JIMrll 
10 20 30 40 50 

DURATION OF FADE (MINS) 

Figure 10-5 

HISTOGRAMS OF FADES GREATER THA:R 5 AND 10 dB AT 19 AND 31 GHZ 

Source: Reference 11 

L......~.J...~-t.,~;,.., ...... _~.,.,_~ .. ~...,...,.: .... ~ "'~"""""'_., ........ _.,_,~,;L_._.,.~·.L. __ ~_._, __ ."'-' ___ ~ ~""~-"'''''-~ ..... ~...:-.. ____ "~.1. .. ilI!!it·bfl",.........e:)"·.->-. . ............... :.....ot .. _~ ...... ".~_, 

--.,. 

"' 

I 

j 
J 

! 1 
00 
~:a i -."G') 
0-
OZ 
:a> r-
0." 
Cl» 
l»G') 
!:'" 
~u; 

40 

_~~.ww _* _ 



J . JULY. AUG, •• " ~1 •. om JAIl..,., 1.11 I.JlIIIINUrUJ 

oF D ; ; I I-L.,L t~··l .l..!,...J.. Ii. ==.J 

:b:: :'~'4I' 

n I I n 

'e: >10 .. 
o 1-LJ I I I 

'r :'IU. 

i:E n-, I I I 

a IC ;a!~d 

i : 

Figure 10-6 

I I I 

..I..-.L.. 

: : 
:J 

0 I 

I~J 
21Q-1 I 
Jl0· , ,. .. 

1110· , II.·, 

210' t 
JIO· 1 
110· , UI)., 
WO'1 
110·1 

1110· , 
:Ma·l 

2011 

FADE DURATION HJSTOGRAM FOR 30 GHZ 
AT ROSMAN, NORTH CAROLINA 

Source: Reference 15 

212 

~ 
1 
j 

~ 

I 
1 
1 

, , 
j 
.~ 

1 
1 
1 
j 

! 

,1 
1 

ij •• ; ___ =.,.m-----------f.-7-m~-~ .. -.1 .. _l.!~rl~'.t~W~w~·_'·_n._f.AA_-_~~-h-~ __ ._.~-,---~-~ 



4 i a 40; 

21 

i 
I • I ,. 
c 

1111 1120 1121 1:11'} 1,.1 
UTe OCTOBEI'! .11/ ",. 

Figure 10-7 
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that season, it an annual weighted availability target is used for system design. 

Based on this premise, it i& deslrflble to use a "worst-month" design in regions 

which experience monsoon type rainfall. 
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SECTION 11 

SUMMARY AND CONCLUSIONS 

This report has exam ined the in teraction bet ween foreign sa telli te 

communications and NASA's 30/20 GHz program. Several opportunities for US 

industry have been identified, and the benefits from these have been examined. In 

this section, we summarize the key results of previous sections and identify the 

conclusions to be drawn. 

11.1 Demand Forecast 

The demand for satellite communications capacity will continue to be 

strong, especially in the developed areas of the world. Total demand for the 

developed nations will reach 2800 transponders for telephony, 750 transponders for 

data communications, and 33000 transponders for video teleconferencing by the 

year 2000. This will account for 90 to 95 percent of the total world requirements 

at that time. 

In the developing nations, satellite oommunications will play an 

increasingly important role as the embryonic communications systems of these 

countries expand. Due to the lack of an existing terrestrial network, satellites will 

capture a large portion of the total long distance traffic in the less developed 

countries. 

11.2 Transition to Advanced Systems 

In order to satisfy the rapidly increasing demand, satellite systems will 

have to evolve. Current systems make limited use of the available frequency 

space, and EIRP and antenna &ains of the spacecraft are low. The continuation of 

systems with current capability will fail by a large margin to fulfill the 

requirements. We see the early 1990's as a watershed in this evolutionary process, 

with 30/20 GHz technology being used, augmented by advanced antenna designs, 
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frequency re-use, and on-boer'd switching to provide a large step increase In the 

capacity per satellite. 

11.3 Systems Configurations 

A variety of satellite systems were configured to satisfy the traffic 

demand forecast of three world model regions: Europe, Japan, and Africa. The 

number of systems considered was limited in order to maintain the task at a 

tra.ctable 1f,,,el. Europe and Japan are fairly typical of the developed regions, and 

are di fficult to cover due to the high traffic density. Africa was chosen as typical 

of the les~ developed areas. 

Essentially, systems with and without 30/20 GHz were considered in the 

following way: the period before 1990 was assumed to be identical in both 

scenarios, due to the unavailability of 30/20 GHz spacecraft and eal"th stations. 

During this period, traffic was satisfied to the extent possible with the use of c~ 

band and KIl-band frequencies. In Europe, these bands are not adeqUllte to carry 

the projec ted traffic. Spacecraft launched in 1990 or later were assumed to have 

30/20 GHz available. In the scenario without 30/20 \lHz, this capability was, of 

course, unused. A series of satellites wi.th some advanc'~d features was postulated, 

and the traffic was satisfied to the extent possihle. 

The other scenal'io employed the 30/20 0 Hz bands, and a different 

series of satellites, with higher capacity, was used to handle the traffic. 

Earth stations were also configured for the various frequency bands 

used. Costs for satellites, launches, and ground equipment were estimated using 

available models and dllt.a.. 

11.4 Economic Compi:.!i'ison 

Based on the costs developed in the systems configurations, an 

economic analysis of the two competing approaches was performed. This analysis 

used a time-phased launch s4!hedule, and appropriate costs to estimate the space­

segment cost per channel-year. Earth station costs per channel-year were also 

estimated. Total system costs on a per channel-year basis were then compared. 
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Several results came trom this analysis. The space segment cost using 

30/20 ORz wu lower in most cases. This is done primarily to the economies of 

scale available with greater capacity per satellite. 

Earth segment costs for high capacity stations, for example heavy­

route trunking stations, were also lower with the use of 30/20 GHz. The primary 

reason for this is the nced for connectivity. With higher capacity satellites, an 

earth station will need fewer antennas to provide the same degree of connectivity. 

This is most important to the larger stations, which generally serve a larger access 

community. 

By contrast, the costs for the low capacity stations reflected the basic 

higher cost of 30/20 GHz hardware. This is due to the lesl stringent connectivity 

requirements for such stations, and their typical use in multicarr,er per transpond(~r 

modes with demand assigned capacity. 

11.5 Market Analysis 

Based in part on the economic analyc;is, and in part on available 

information concerning the plans and policies of the countries involved, we have 

examined the market potential for 30/20 GHz spacecraft and earth stations. We 

anticipe. ';e that US industry will have good opportunities for sales to foreign 

systems and to INTEI.SAT. Many nations do have local content requirements, 

however, which may require the use of a local subsidiary, licensee, or partner. 

Since a number of countries are now operating or considering systems 

which employ 30/20 GHz, the US share of the total market will depend strongly on 

a firm commitment by the US industry to a 30/20 GHz development program. 

Effort needs to be applied to earth station equipment tlS well as spacec"aft 

development. If this work is undertaken, then the excellent US experience with 

many operating satellites will produce a substantial advantage. 

11.6 Systems Availability Aspects 

The quality of telecommunications services depends notably on the 

circuit quality of the basic link, but also on the degree to which that quality is 
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available. At the 30/20 GHz frequencies, the primary cause of system 

unavailability is attenuation due to rainfall. From the standpoint of the user, the 

degradation is most objectinnable when it occures suddenly and e!fectively 

inactivates the link. This is (.me of the characteristics of the deep fades that would 

be experienced at 30/20 GHz. 

Basic conclusions of this analysis are that for services such as video 

conferencing, which virtually require the direct-to-user type of service that 30/20 

GHz will provide, acceptable system available (on the ordel: of 99.9%) can be 

provided •. TNs would be accomplished by means of a dual-bit rate scheme, whereby 

the tr,!;l1!S!":7insion bit rate (and bandwidth) would be reduced from 6.3 MBps to ..... ~ . 
64kBps dur-ii~e rain fades. This would provide an additional 20 dB margin, and would 

allow the conference t .. j (' .. ~ntinugy!ng voice and ancilla.ry features. 

Services such as trunking transmission, which are less flexible a.nd less 

outage-tolerant, would require u higher basic systems margin, and possible use of 

site diversity, to achieve the required availability. 

11. 7 Overall Conclusions 

This report indicates a substantial market outside the US for 30/20 GHz 

equipment, both satellites and ground equipment. This market is partly available to 

US industl,'Y, due to the experience and success rate of US-built satellites and earth 

stations. Howevet, this market will be available only under certain conditions; 

1) US industry must take the lead in developing a.nd proving 
technology for the 30/20 GHz bands. 

2) US firms must make arrangements for the satisfaction of local 
manufacturer/local content requirements. 

3) Incooperation with NASA, US manufacturers should begin parallel 
incorporation of results from NASA's 30/20 GHz development 
program, so as to reduce the lag' between NASA demonstrations of 
practicality and actual use in commercial satellites. 
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I NOTE: 

ANNEX A 

RA1,N ATTENUATION MODEL 

Portions of this Annex have been c:Ktracted verbatim from Reference 

11. Acknowledgement is hereby given to NASA and Operations 

Research Inc. for this material. Thili extracted text is single-spac.~d 

within the Annex. 
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ANNEX A 

RAl'N ATTENUATION MODEL 

It has long been known that the occurance ot rainfall along a microwave 

transmission path attenuates the signal. Due to the non-homogeneous nature of 

raintaU, and Its extreme v~riabiHty with time, 8 statistical model of this pt'ocess is 

needed tor system availability calculations. A relationship between the statistic;)sl 

rainfaU ~arameters and the attenuation to be expected, is also needed. 

This Annex conte.ins descriptions of the rain model, known as the Global 

Model, and the attenuation model. This particular unifide treatment is extracte-d 

from RE.f~rence 11, "A Pl'op'agation Effects Handbook for Satellite Systems 

Design", however, the models are the results of work by marlY experimenters and 

pi'opagatkm experts. Reference 11 shOUld be consulted for further details. 

The Global Model -
The Global Model 11M been developed in tW(,.' forms. Both of these forms 

utilize cumUlative I'aln mte data to develop cumulativ(. attenuation statistics. The 
first form, called the Global Prediction Model (CCIR-1978a, Doc. P/105-E, 6 June), 
employs a path averaging parameter "r" to relate the point rain rate to the average 
rain rate along the path from the ground station to the point where the 
hydrometeors exist in the form ot ice crystals. The later form of the model 
includes path averaging implicitly, and adjusts the isotherm heig'hts for various 
percentages of time to account (or the types of rain structures which dominate the 
6umulative statistics for the l'espective percentages of time. 

Rain Model 

The rain model employed in both formE of the attenuation model is used 
for the estimation of the annual attenuation distribution to be expected on a 
specitic propag9.tion link. It differs from most other rain models in that it is based 
entirely on meterologica.l observations, not attenuation measurements. The rain 
model, combined with the attenuation estimation, was tested by comparison with 
attenuation measurements. This procedure was used to circumvent the require­
ment tor attenuation observations over a span of many years. The total 
attenuation model is based upon the use of independent, meteorologically derived 
estimates for the cumUlative distributions of point rainfall rate, horizontal path 
averaged rainfall rate, the vf:rtical distribution of rain intensity, and a 
theoretically derived relationship between specific attenuation and rain rate 
obtained USing median observed drop size distributions at a number of rain rates. 
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The first step in application of the model is the estim6tion of the 
instantaneous point rain rate (R ) distribution. The Global Prediction Model 
provides median distribution estPmates for broar.t geographical regions; eight 
climate regions A through H are designated to «!!d.ssify regions covering the entire 
globe. Figure A-I shows the geographic rain climate regions for the continental 
areas of the earth. 

The climate regions depicted by the Global Mod~\l are very broad. The 
upper and lower rain rate bounds provided by the nearest ad!&cent region have a 
ratio of 3.5 at 0.01 percent of the year for the proposed OCIR climate region D, for 
example, producing an attendant ratio of upper-ta-lower bound attenuation values 
of 4.3 dB at 12 GHz. This uncertainty in the estimated attenuation value can be 
reduced by using rain rate distributions tailored to a particular area if long term 
statistics are available. 

The values of RD may be obtained from the rain rote distribution curve~l 
of Figure A-2, which shows the curves for the eight global climate regions 
designated A through H for one minute averaged surface rain rate as a function the 
percent of year that rain rate is exceeded. Numerical values for R are provided in 
Table A-I. p 

Description of the Rain Attenuation Region 

A path averaged rainfall rate R = rR , where r is defined as the 
effective path average factor, is useful for the estimition of attenuation for a line­
of-sight radio relay system but, for the estimation of attenuation on 'I. slant path to 
a satellite, account must be taken of the variation of specific 8tt~ouation with 
height. The atmospheric temperature decreases with height and, above some 
height, the precipitation particles must all be ice particles. Ice or SllOW do not 
produce significant attanuation; only regions with liquid water precipitation 
particles are of interest in the estimation of attenuation. The size and number of 
rain drops per unit volume may vary with height. Measurements made using 
weather radars show that the reflectivity of a rain volume may vary with height 
bHt, on average, the reflectivity is roughly constant with height to the height of the 
o 0 isotherm and decreases ab8ve that height. The rain rate may be assumed to be 
constant to the height of the 0 0 isotherm at low rates and this height may be used 
to de~ne f.he upper boundary of the attenuating region. A high correlation between 
the 0 0 height and the height to which liquid rain drops exist in the atmosphere 
should not be expected for the higher rain rates because large liquid water droplets 
are carried aloft above the OOC height in the strong updraft cores of intense rain 
cells. It is necessary to estimate the rain layer height appropriate to the pathoin 
question before proceeding to the total attenuation computation since even the 0 C 
isotherm height depends on latitude lind general rain conditions. 

As a model for the prediction of attenuation, the average height of the 
00 0 isotherm for days with rain was taken to correspond to the height to be 
expected one percent of the year. The highest height observed with rain was taken 
to correspond to the v~ue to be expected 0.001 percent of the year, the average 
summer height of the -5 C isotherm. The latitude dependences of the heights to be 
expected for surface point rain rates exceeded one percent of the year and 0.001 
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Percent 
of Year A B 

0.001 28.0 54.0 

0.002 24.0 40.0 

0.005 19.0 26.0 

> 0.010 15.0 19.0 
I 

-.1 
0.020 12.0 14.0 

0.050 8.0 9.5 

0.100 6.5 6.8 

0.200 4.0 4.8 

0.500 2.5 2.7 

1.000 1.7 1.8 
I 

j 2.000 1.1 1.2 

I 
if 

J 
'! 

Table A-I 

P(\int Rain Rate Distribution Values (mm/hr) 

Vel'Sl<s Percent ot Year Rain Rate is Exceeded 

Rain Clima.te Region: 
C D E F G 

80.0 l{i2.0 164.0 66.0 129.0 

62.0 86.0 144.0 51.0 109.0 

41.0 64.0 117.0 34.0 85.0 

28.0 49.0 98.0 23.0 67.0 

18.0 35.0 77.0 14-.0 51.0 

11.0 22.0 52.0 8.0 33.0 

7.2 15.0 35.0 5.5 22.0 

4.8 9.5 21.0 3.8 14.0 

2.8 5.2 8.S 2.4 7.0 

1.9 3.0 4.0 1.7 3.7 

1.2 1.8 2.0 1.1 1.6 

_~_---. "": _ .... _:.. tie 

Minutes 
H per Year 

251.0 5.3 

220.0 111.5 

171.0 26.;) 

141.0 53.0 

115.0 105.0 

77.0 263.0 

51.0 526.0 

31.0 1052.0 

13.0 2630.0 

SA 5260.0 

2.8 10520.0 

~2£2_ ,_...,,,fi!:':._,,,,-~~~z;:;:,,,'" _e~. _ :<iiIW&: bda~ _______ .......... ___ ~ __ 
-'"-"'-__ • ...dOt'Z!IMr ~~ .. + .~ __ ._ ......... _".~._ 

~- ... 

Hours 
per Year 

0.09 
0.18 

0.44 

0.88 

1.75 

4.38 

8.77 

17 .50 

43.80 

87.66 

175.30 
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percent of the year were obtained from the latitude dopendences provided by Oort 
and Rasmussen (1971). The resultant curves are presented in Figure A-3. For the 
estimation of model uncertainty, the seasonal rms uncertainty in the OOC isotherm 
height was 500 m or roughly 13 percent of the average estimated height. The value 
of 13 percent is used to estimate the expected uncertainties to be associated with 
Figure A-3. 

The cor!,~5iJc~<lence between the OOC isotherm height values and the 
excessive preclpltattog events showed a tendency toward a linear relationship 
between R and the 0 C isotherm height H for high values of R . Since, at high 
rain rates,Pthe rain rate distribution tuncti8n displays a nearly lNiear relationship 
between RD and log P (p is probabflJty of oocurrence), the interpolation model used 
(or the I~sl'mation of Hg for P between 0.001 and one percent is assumed to have 
the form, H

Q
• = 8 + b log P. The relationship was used to provide the intermediate 

values di.splayedin llgure A-3. 

A ttenuai:ion Model - -.;..... ............. -
The complete model for the estimation of attenuation on an earth-space 

pat~ starts with the determ~nation of tha verti~al distance between the height of 
the, earth station and the 0 C isotherm height (H - H where H is the grounr.. 
station height) for the percentage of the year eor R!) of inte~st. The path 
horizofitill projection distance (0) can then be obtained by: 

0 = (Ho - Hg>/t~n (} (} ~ 100 

where 

Ho = height. of OOC isotherm 

Hg = height of ground term inal 

e = path elev~tion angle 

The specific attenuation may be calculated for an ensemble of rain 
drops if their size and shape number densities are known. Experience has shown 
that adequate results may be obtained if the Laws and Parsons (1943) number 
density model is used for the attenuation calculations and a power law relationship 
is fit to calculated values to express the dependence of specific attenuation on rain 
rate. The parameters a and b of the power law relationship: 

a = aR b 
p 

where a = specific attenuation (dB/km) 

Rp = point rain rate (mm/hour) 

are both a function of operating frequency. The appropriate a 'lnd b parameters 
may be obtained from Table A-2 and used in computing the total attenuation from 
the model. 
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TItMe A-2 

Resresslon Calculations for a and b in aK> (dB/km) 

as a Function of Freguency 

(Source: Olsen, Rogers and Hodge - 1978) 

a 

l.PL LPH LPL 

1.17~10-2 1.14xlO-2 1.178 

1.50xlO-2 1.52xl0-2 1.171 

1.86X10-2 1.96xlO-2 1.162 

3. 2lxl0-2 3.47xlO-2 1.142 

6. 26xlO-2 7.09xlO-2 1.119 

0.105 0.132 1.094 

0.162 0.226 1.061 

0.232 0.345 1.022 

0.313 0.467 0.981 

0.489 0.669 0.907 

0.658 0.796· 0.850 

0;801 0.869 0.809 

0.924 0.913 0.778 

1.02 0.945 0.756 

1.08 0.966 0.742 
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b 

LPH 

1.189 

1.16'7 

1.150 

1.119 

1.083 

1.029 

0.964 

0.907 

0.864 

0.815 

0.794 

0.784 

0.780 

0.776 

0.774 



Variable Isotherm Height Technique 

The "artabtl.1) isotherm height technique uses the fact that the effective 
height of t!1e attenuatin~ medium changes depending on the type of rainfall event. 
Also, various types of rainfall events selectively innuence various percentages of 
time throughout the annual rainfall cycle. Therefore, a relation exists between the 
effective isotherm height and the percentage (If time that the rain event occurs. 
This relation haD been shown earlier. Again the total attenuation is obtained by 
integrating the specific attenuation along the path. The resulting equation to be 
used for the estimation of slant path at.tenuation is: 

aRb [eUZb-1 A = .:..:...:£.. 
cos 8 Ub 

where U 1 X, Y and Z are empirical constants that depend on the point rain rate. 
These constants are: 

U = ..!.. (eYZ In X) 
Z 

v - "',,'"' " ... n 
.L • .l "0 -v. I, 

Y = 0.026 - 0.03 In Rp 

Z = 3.8 - 0.6 In Rp 

The following steps apply the variable isot;1erm height rain attenuation 
model to EI. general Earth-to-space path: 

Step 1 

At the Earth terminal's geographic latitude and longitude, obtain the 
appropriate climate region: A to H (1 of 8 regions). If long term rain rate statistics 
are available for the location at the ground terminal, they should be used instead of 
the model distribution functions. 

Step 2 

Select probabili ties of occurrence (P) covering the range of interest in 
terms of the percent of time rain rate is exceeded (e.g., .01, .1 or 1 percent). 

Step 3 

Obtl1~:t the terminal point rain rate R (mm/hour) using Figure A-2, or 
Table A-lor long term measuI'ed values if cwailfliSie of rain ra':e versus the percent 
of year rain rate is exceeded at the climate region and probabilfties of occurrence 
(Step 2). · 
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Step 4 

For an Earth-to-space link th~ugh the entire atmosphere, obtain the 
rain layer height trom the height ot the 0 isotherm (melting layer)" at the path 
latitude (Pigure A-3). The heights will vary correspondingly with the ~robabiUties 
ot occurrence (Step 2). To interpolate, plot" (p) vs Log P and use a straight line 
to relate "0 to P. 0 

Step 5 

Obtain the horizontal path projection 0 of the oblique path through the 
rain volume: 

H -H 
o 1-8>10" 

tan 8 ' 0 = 

"0 = "0 (P) = height (km) of isotherm for probability P 

"g = height ot ground terminal (km) 

e = path elevation angle 

~tep 6 

Test D S; 22.5 krn; if true, proceed to the next step. If D ~ 22.5 km, the 
path is assumed to have the same attenuation value as for a 22.5 km path but the 
probability of occurrence is adjusted by the ratio of 22.5 km to the path )'.mgth: 

new probability of occurrence, pI = P ( 22.5 krn ) 
o 

where D = path length projected on surface (>22.5 km). 

Step 7 

Obtain the parameters a(f) and b(f), relating the specific attenuation to 
rain rate, from Table A-2, or equivalent observed data. 

Step 8 

where 

Compute the total attenuation due to rain using Rp' a, b,e, 0 

co ~,)2~ [~(JZb_ 2 _ Xbe YZb + Xbe VD~]; 8 .. '0° 
A co~ 8 Ub Yb Yb 

A = total path attenuation due to rain (db) 

a, b = 

R = P 

parameters l'ela~ng the specific attenuation to rain rate (from 
Step 7), = aRp = specific attenuation 

point rain rate (Step 3) 
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$ a 4, ¥#iii4;;t¢ iii! ~-.-."". _________ _ 

a ::: elevation angle of path 

o = horizontal path distance (trom Step 5) 

Z ~ 0 :S 22,5 km 

A 

= 

or alternatively, it D < Z, 

a Rpb r eUbD-1 \ 
cos 9 l Ub 

or if D = 0, e = 900
, 

(H - Hg> (a Rp b) 

Noise Temperature Incree.se Duel"t't> nai" Attenuation 

1"he satellite receiving antenna alwa.ys points at the hot earth, 

representing a mean temperature of about 290 K. Increased path attenuation due 

to rain a:tenuation does not cause, a significant variation of this temperature. 

Contrary to this, the earth station antenna normally points at space with a very low 

temperature, governed primarily by clear sky atmospheric absorption and to a 

lesser extent by cosmic radiation. (In addition, thE" effect of the hot earth is 

introduced through antenna sidelobes,) For Q small ~ercentage of the time the 

noise temperature as seen by the earth station receive antenna is increased greatly 

as the result of pointing at Ule sun and by a smaller &mount as the result of 

pointing at the moon. However, during periods of rain the rain attenuation 

increases the noise temperature of the receive antenna, 

This increase has, in fact, been exploited to provide indirect measure­

ments of preCipitation a.ttenuation without the use of an orbiting beacon, The 

rela.tionship between the sky noise and the attenuation is given by the following 

approximation, valid for antennas with narrow beam widths: 

where 

'1' is the physical temperature of the sky seen by the antennA .. 
r generally about 273 K 

A is the attenuation in dB 
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T is the ElPparent temperature increase of the sky, including the 
effects of precipitation 

This increase In noise temperature must be added to the temperature of 

the rec!elvlng system and the clear-weather sky tempE'tature. This produces a 

degradation in the receive gain-to-noise temperature ratIo or G/T. The decrease is 

dependent on the initial system G/T. Systems havin'6 a low noise antenna and 

amplifier are affected more than those with a higher ~eceive noise temperature. 
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