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Abstract

A cost per 1.544 Mbps (T1) link per minute metric is developed for systems evaluation of
satellite based broadband communications systems. Globa market models based on Internet
growth and computer penetration are developed. Initialy systems are limited by the available
market, however as the market increases, the design of the system becomes the limiting factor.
These limits include satellite power resources, achievable link margins, and rain attenuation. A
computer simulation is developed to model the complex interactions between the capacity limits
and distributed market models.

The most effective designs should be able to satisfy the expected market model for the lowest
cost per T1 minute. To calculate the metric, life cycle costs are estimated for satellite design and
construction, launch, insurance, gateways, gateway and control center operations, and terrestrial
Internet connections. The cost per T1 minute for a 30% internal rate of return is then calculated
from the achievable capacity. The metric is evaluated for five modeled systems in
geosynchronous and low Earth orbits to demonstrate the applicability of the metric to the system
engineering and design process.

The results indicate that there is room for multiple systems in the market because the initially
deployed systems cannot satisfy the full market demand. The cost per T1 minute indicates that
al of the systems are economically viable and able to compete with terrestrial services. The
metric shows the sensitivity of the systems to market variations and illustrates the criticality of
beam placement and deployment strategies to minimize risk. Using the metric, several strategies
are explored to taillor systems to the market as it develops and aso to cope with market
uncertainties.

Thesis Supervisor: Daniel E. Hastings
Title: Professor of Aeronautics and Astronautics






Acknowledgments

This thesis was made possible through the guidance and support of a great many people.
Thank you to Hughes Communications, Inc. for sponsoring this study and Ed Fitzpatrick for
serving as the technica monitor. Thanks also goes to many of the people at Hughes
Communications for providing technical insight and additional feedback to the project.

Thank you to Professor Daniel Hastings, my thesis supervisor, for the support that he
provided throughout the study and to Professor Walt Hollister and Cary Gumbert for guidance in
some of the preliminary study directions.

Graeme Shaw, my fellow graduate student, deserves a great deal of credit for the code that
was used to provide the achievable system capacity. Thank you also to my undergraduate
students Marc Horowitz, Alvin Jimenez-Rivera, and Alvar Saenz-Otero for their assistance with
parts of the code and data gathering.

Thank you to Ragnar Lonn and John Hawkinson for providing insight into Internet
operation and user behavior. The guest lecturers and students of 16.89 in the Spring of 1996 and
many of my friends that read various drafts of the document also provided their assistance and
insight.

To the Professors of the Aerospace Engineering and Political Science Departments at the
University of Michigan, and especially my undergraduate advisor Kenneth Powell, thank you for
providing me with the desire to succeed and pursue my interests and most of the engineering and
political science knowledge that | have today.

Thank you to the students of the lab formerly known as CASL that provided much of the
proofreading and shared the long hours with me. To the various people that played system
administrator with me, thank you for helping me keep my sanity through many a long hour and
many a long night of staring at things that we knew should work, but just didn’t. Especially to
Matt Knapp, Tolulope Okusanya, Ed Piekos, and Christine Tovee, thank you for all the support
and entertainment.

Finally thank you most of all to my parents, Svetislav and Diane Kelic, for always
supporting me in everything that | chose to do.



Any sufficiently advanced technology is indistinguishable from magic.
Clark’s Third Law

Listen — you'll never learn anything by talking. The measure of an intelligent person is the
ability to change his mind.
Kelly Johnson



Table of Contents

TABLE OF FIGURES ..ottt bbb s h b b bbb b bbb bt s s 9
TABLE OF TABLES ..ottt bbb s a bbb d b s a s b b bbb a et nr e 11
CHAPTER 1: INTRODUGCTION ..ottt s sreesneens e e e sne e neeneenne e 13
1.1 SATELLITE TELECOMMUNICATIONS.....utiitiititiittirisiesie st st s sh s s s b s sh e s b s bbb s 13
1.2 MODERN SYSTEMS ...ttt s bbb b s d bbb a e s b e bbb e e b s 15
1.2 COST PER TL IMINUTE ...ttt bbb bbb bbb a e bbb b n e b s 18
1.3 REPORT OVERVIEW ...uiiuiiiiitiitisie sttt st bbb b s d bbbt d e s a b bbb s 19
CHAPTER 20 MARKET ANALY SIS . e s en e 21
2.1 INTRODUCTION ..utiutiitisti st ss sttt h et sh bbb b e b bbb e b e e b e b sa e bbb e e n b s 21
2.2 INTERNET GROWTH .ttt st bbb bbb bbb e b s 21
2.2.1 Exponential Growth MOEL.......cc.cceiiiiiecieeece e et e et et s re s ma e e e naeseenne s 22
2.2.2Third Order GrOWEN MOGE ........ccoeiiieiecee e 23
2223 SUMIMBIY oo ee e ee e ee s e ee s e ee e ee s se s se s eeseee s eeseeeseeeseeeseeeseeeseneseeeseneseneeen 24
23 THE LAST MILE ..ottt bbb b bbb bbb e b 25
2.3.1 GDP @S AN INAICALOT .......cveuiereeererieieesree sttt r et enn e e nnas 25
B 1 01 £ PP 28
2.3.3 From COMPULEIr SO BitS.......cceieeeieieeiesiesiese sttt eeteese e et ste s eae e etestesbestesaeese e e enseseeneeneeneenseneesneas 29
2.4 WORLDWIDE DISTRIBUTIONS ..ottt bbb bbb bbb s 31
25 USER PROFILES.....otiititiit it b bbb sa bbbt b s 33
2.6 SUMMARY ..ttt bbb bR R R R e b r s 35
CHAPTER 3: CAPACITY SIMULATIONS. ... .ottt e sne e s sneene e 37
3.1 INTRODUCTION ..utiutiitististt sttt st s bbb bbb bbb d e s b e bbb e b b e e b e b sh e bbb ae e e n b s 37
B2 LOGIC FLOW ..ttt bbb b bbb R 38
3.3 PROGRAM COMPONENTS ....ccuiiuiiiiitisie st sre sttt sr bbb s a b bbb d b sa bbb a e e b s 39
G0 50 I 1 o o 11 B S 39
3.3.2 BEAM GENEIBHION.....evveeieiiee ettt r et s et e b se st e R se st s R et e st r b nenren e e n e nnnran 40
3.3.3 Channel Assignment and INEErfErENCE.......cceiueieieeeeeeese e n e e sne s 42
3.3.4 Accessible Market and Achievable Capacity .........cccccvieverieierieiecesese s e 43
34 ASSUMPTIONS. ...ttt ittt sttt b bbb bbb b b e d e s E e b S b e E e b e e b e e b e b s a e b s b b e bbb 44
3.5 SIMULATION RESULTS ..ottt bbb st bbb s bbb 45
3.5.1 The Effects of Intersatellite Links on the Achievable Capacity..........ccccveevevieierinieseseseeseeeeeeeseens 45
3.5.2 GEO(B) SIMUIALIONS .....eeviieiieiieeteceeteste s e sttt e st e te e s restesseene e e esestestestesaeeseennensesenneensensensessessens 46
3.5.3 GEO(8) SIMUIALIONS .....eeiveiveiieiieeteeieeieste e s e ste st e e e st e te e s re st e sseese e e eseseessestesaeesesnsenseseeneensensensessesnens 49



354 LEO SIMUIBLIONS. ....eeiiteiiiteecctei sttt s et st e s e s st e s ssee s sab e s saae s sabessaeessbbessasessbbessasessabesabessasessaressnressns 55

3.5.5 GEO(9) SIMUIALIONS .....eeviiviiiesieeeeceetesie e e sttt e et e e e e te s restesse s e e e eteseessesbesaeeseensenseseeneenseneenseseesnens 58
3.5.6 GEO(12) SIMUIBLIONS ....eviveiesieeeeeeeiestes e s e ste st s eeseestestestesressesseeseessesessessessessessesnsessessesesssensessessessens 59
3.6 SUMMARY L.t bbb R R e e 64
CHAPTER 4: SYSTEM COSTS... oottt sn e e e s n e e n e en e s sneenne e 65
R LN 0 10 [ T PPN 65
4.2 CLAIMED COST SUMMARY ...ttt sr sttt bbb b e b bbb n e n e b e 65
4.3 COST ESTIMATION TOOLS....uiitiiiiiieite sttt bbb bbb bbb 67
A4 SPACE SEGMENT ...ttt b bbb d b s a bbb e b e b e e s b e b sb e b e s b n e a e b b 68
4.5 GROUND SEGMENT ..cuviitiitisiistisisie sttt sttt bbb a b s h bbb e e sa e b b e b e b e n e e b e 69
2.6 SUMMARY ..ottt st b E R b E SR SRR R e e E e 70
CHAPTER 5: COST PER TLIMINUTE ..ottt e 71
5.1 INTRODUCTION ..utiutiitistisit sttt st bbb bbb d e b bbb s b e b e b sh bbb e e e sr b s 71
5.2 INTERNAL RATE OF RETURN ..ottt bt bbb bbb s s 72
5.3 ZERO ORDER COMPARISON ....cuuiiiitiitiiiiirisiisiissesie st s b b st b s s sh s b sa e bbb a e s b s 73
5.4 DRY MASSMODEL COST PER TL MINUTE ...ccuviiiiiiiiiiitiin st s s 75
5.4.1 100% Market AVAIHADIITY .......ccorieiririeiie sttt et ee e 75
5.4.2 30% Market AVAHADIHTTY.......cviiiieeiereese et sttt st 77
5.4.3 COMPELITIVE MAIKEL ......c.ecveiiieieie et sttt st st ae e e e e see st e seesreese e e eeeneeneeneenseneesneas 78
LY R = [ - SRS 80
DS UNCEITAIMIIES .....cveeeeeeesrer ettt e R s s e s n et e ren e n e e nras 81
5.5 SUMMARY . e e s 82
CHAPTER 6: CORPORATE STRATEGIESAND COMPETITION ....ccciiieiiiieeieneesreeseee e e 85
6.1 INTRODUCTION ..uviutiitiitisii sttt st s s h e bbb b e e s b e b s b e b e e b e e e b e b sh bbb e e e e n b s 85
6.2 DEPLOYMENT STRATEGIES.....coitiieieitiiesie sttt bbb s s bbb 85
LS R DT F= Y=o = o oY 0 7= S 85
6.2.2 Improved DeplOymMENt SITAtEJIES. ......ccveirireeieeeieeeeseeseeseeseesee e saeseetessesseseessessessessessessesaes seessensessens 87
6.3 MEETING MARKET UNCERTAINTIES ...ttt s 91
L I N 1 N TP 93
6.5 TERRESTRIAL INFRASTRUCTURE .....ciitiitiitiiiisiieteie st st sb et st s bbb s 94
(OB T R 0] oo P T PO PP PP PRPRIN 94
6.5.2 C0BXIAI CANIE......ceiuiirereririeiees ettt n e ns 95
6.5.3 WITel€SS TECHNOIOGIES ......ecueeeeie ittt ettt e sttt sttt e sa e e s te st e s teeseesa e e eaeseestestesmanesseneenteneenneas 96
LT T o SRS 97



6.5.5 COMPELITIVE SUMITIAIY .....cuveiisiesiectesteeeeee st e ste e st te e e e e e eseestestestesresseeseessessessessessessesseenereessensensessessens 99

6.6 ADDITIONAL CONSIDERATIONS ....coutiitiitiirisiieiis ittt s bbb b sa b bbb s 100
5.7 SUMMARY ...ttt b bbb R R R R s 101
CHAPTER 7: CONCLUSIONS...... et n e e r e e e e ne s 103
REFERENCES. ...ttt h e bbb e e e b SR e E e b e b e e e b e b s e bbb e bt e 109
APPENDICES . ...ttt e e e et h e R e e R e e R e e e e R e s R e e Re e Re e e e e e nae e e nreenne e 113






Table of

FIGURE 1.1
FIGURE 2.1
FIGURE 2.2
FIGURE 2.3:
FIGURE 2.4:
FIGURE 2.5:
FIGURE 2.6:
FIGURE 2.7:
FIGURE 2.8:

FIGURE 2.9:

FIGURE 2.10:
FIGURE 2.11:
FIGURE 2.12:
FIGURE 2.13:

FIGURE 3.1:
FIGURE 3.2:
FIGURE 3.3:
FIGURE 3.4:
FIGURE 3.5:
FIGURE 3.6:
FIGURE 3.7:
FIGURE 3.8:

FIGURE 3.9:

FIGURE 3.10:
FIGURE 3.11:
FIGURE 3.12:
FIGURE 3.13:
FIGURE 3.14:
FIGURE 3.15:
FIGURE 3.16:
FIGURE 3.17:
FIGURE 3.18:
FIGURE 3.19:
FIGURE 3.20:
FIGURE 3.21:

Figures
FOURTEEN COMPANIES FILING WITH FCC.....ociiiiiiiiii e 16
BYTES TRAVERSING THE NSF BACKBONE ......cciiiiiiitiiiii s 22
PACKETS TRAVERSING THE NSF BACKBONE ......ccoociiiiiiiiiincee s 23
EXPONENTIAL AND THIRD ORDER MARKETS .....cooiiiiiiiiitiiiiinieie st 24
PERSONAL COMPUTER INSTALLED BASE......ocoiiiiiiiiiin e 25
WORLD TELEPHONESVS. GDP.....oiiiiiiiii s s 26
WORLDWIDE AUTOMOBILESVS. GDP......coiiiiiiiiiii e 27
PROJECTED PERSONAL COMPUTER GROWTH....uciiiiiiiiiriiii ittt s s 28
THE LAST MILE MARKET ..ottt st bbb b sh e s 29
MODEM SPEEDS......coitiitiitiitiiinii et b bbb bbb e e e e b bbb na e b b 30
WORLD MARKET, LAST MILE, 2010, GDP DISTRIBUTION .....cciiiiiniiiiniiscsis e 32
WORLD MARKET, LAST MILE, 2010, GDP PER CAPITA DISTRIBUTION .....cccoviiniiiiiiniisesiesieie s 33
TIME OF DAY DISTRIBUTIONS....ctiitiitiitiiiisiiite et sh s s bbb s 34
MARKET SCENARIOS ..ottt st bbb bbb bbb bbbt 36
SYSTEM CAPACITY FLOW CHART ...ttt bbb bbb a e s 39
THE CRANE RAIN REGIONS......ciitiiiiiiiiiniiie ettt 42
DEPLOYMENT SCHEDULE ....cuiitiiiiiiie sttt st bbb bbb bbb a e s 45
INTER-REGIONAL TRAFFIC AND ACHIEVABLE SYSTEM CAPACITY .oviiiiiiiiiiinieiei s 46
EUROPE REGION GEO(3) BEAM PATTERN ...ccuviiiieuieieeeseeeeeeeessessesessessessessessessessessessessessessessessessessens 47
NORTH AMERICAN REGION GEO(3) BEAM PATTERN .....ociiiciiiicecteeeeeeee e eeae e e e eae e see e sne s e 47
ASIAN REGION GEO(3) BEAM PATTERN .....ccuiiiciiciiceeee e eeeeseeee e sae e aess e testesaetestestestesnestestesnesresnenns 48
GEO(3) ACHIEVABLE CAPACITY PROFILE ...vviutetieitestestestestesseeseeseessessessessessesssssssssesssssessessessessssssessessesses 49
NORTH AMERICA 1 GEO(8) BEAM PATTERN .....cciiiiiiieieieriesiesieseestes e stestestestessesaessestessessessessessessessessens 50
EUROPE/AFRICA 1 GEO(8) BEAM PATTERN.....cciiteieieeeeereesteaeseessesteseessesseseessessessessessesssssessessessessenns 50
SOUTH AMERICA 1 GEO(8) BEAM PATTERN.....ccutiiitevtitesiestesiestestes e see e sie e stestesneste e snessessesnessesneenens 51
PACIFIC RIM 1 GEO(8) BEAM PATTERN ....ccutititiiteeteeteseeseeseeseesaeseesssssessessensessessessessessessesssssessessessensenns 51
NORTH AMERICA 2 GEO(8) BEAM PATTERN ......ociiiieieiieestestes e steste e st sreste s stesse e sses e e essenensenseneens 52
EUROPE/AFRICA 2 GEO(8) BEAM PATTERN.....ceiteieieeeieeeseeteseesseseeseessessessessessessessessesssssessessessessenns 52
SOUTH AMERICA 2 GEO(8) BEAM PATTERN.....ccuiitiitestite e stestesieste e see e stesaesressesnesressessessessesnessesnsenens 53
PACIFIC RIM 2 GEO(8) BEAM PATTERN ....ccutitetiiteeteetesseesesseeseesaesesssssessessessessessessesssssessessessessessessessenes 53
GEO(8) ACHIEVABLE CAPACITY PROFILE...c.utittsttstesteeteseeseeseessessessessessessssssessessessessesssssessssssessesssssessens 54
SCANNABLE BEAM POSITIONSWITHIN SUPERCELLS......cciiiiiiiiiie st 55
LEO BEAM PATTERN WITH 9 SCAN POSITIONS PER BEAM .....cociiiiiiiiiiini s 56
LEO ACHIEVABLE CAPACITY PROFILE......ciciiiiiiiiis i s 57
GEO(9) ACHIEVABLE CAPACITY PROFILE...cutittsttstesteeteseeseeseessessessessessesssssssssessessessesssssessssssesssssessessens 59



FIGURE 3.22:
FIGURE 3.23:
FIGURE 3.24:
FIGURE 3.25:
FIGURE 3.26:
FIGURE 3.27:
FIGURE 3.28:
FIGURE 3.29:

FIGURE 4.1.
FIGURE 5.1
FIGURE 5.2
FIGURE 5.3:
FIGURE 5.4:
FIGURE 5.5:
FIGURE 5.6:
FIGURE 5.7:
FIGURE 5.8:
FIGURE 5.9:
FIGURE 6.1
FIGURE 6.2:
FIGURE 6.3:
FIGURE 6.4:
FIGURE 6.5:
FIGURE 6.6:
FIGURE 7.1:

FIGURE 7.2:

GEO(12) SATELLITESL AND 5 BEAM PATTERN ...ccttiiitisiiiiese e ete e e ee e esaeae e e e e enaesaeaeneesaeneas 60
GEO(12) SATELLITE 2 BEAM PATTERN....cutiuiiietctettetete et e e e s e e ae e e sae e tesaeste st snestestesnessennennens 60
GEO(12) SATELLITES3 AND 9 BEAM PATTERN ...ccttiiiticiisie e stese st es e e e e e se e enaesaenae e saeneas 61
GEO(12) SATELLITE 4 AND 10 BEAM PATTERN ...ccttiteitistisiestestesieeresesessessesseessessessessessensessessessessesannees 61
GEO(12) SATELLITE 6 BEAM PATTERN....cuciiiieiceceteeete et e e tesees e tesae e stesae e saesaestesnestesresnessesnennens 62
GEO(12) SATELLITES7 AND 11 BEAM PATTERN ...veitiitiitiitestesteseeseeseseeseeseessessessessessessesssssesssnsessessenses 62
GEO(12) SATELLITE 12 BEAM PATTERN.....ctiieieietestetesieseestestesee e stessestesaessesseseessessessessessessessessensens 63
GEO(12) ACHIEVABLE CAPACITY PROFILE....cittitisteitteteeeesieseessesteseestessesseessessessessessesssssessssssesssssessessens 64
CLAIMED DEVELOPMENT EXPENSE SCHEDULE ......coviiiiiiiiiiiniiicsee e 66
ZERO ORDER COST PER TL MINUTE.....ciiiiiiiiitiniiie it 74
NOMINAL DEPLOYMENT SCHEDULE .....uiitiiiiitiiieie ettt sb s s s s 75
Cost PER T1 MINUTE, ALL MARKETS, 100% MARKET AVAILABILITY .ooriiiiiiniiie s 76
CosT PER T1 MINUTE, 100% MARKET CAPTURE ......ociiiiiiiiiniinie i s 77
CosT PER T1 MINUTE, 30% MARKET AVAILABILITY w.oiiiiiiriiisieie et 78
Cost PER T1 MINUTE, LEO 60% MARKET AVAILABILITY oot 80
EFFECT OF MARKET CAPTURE ON GEO(8) .....c.coiviieiesieciese ettt sae sttt naenaesnesne s 81
VARIATIONS ON THE LEO CONSTELLATION ..ottt st s s s s 82
COST PER T1 MINUTE SUMMARY ..ooiiiiiiiiitiii it st bbbt bbb a e s 83
VARIATIONS IN TIME OF LAUNCH, ALL MARKETS, GEO(8).....ccceiiriiriesieeeeieseese et 86
VARIATION IN TIME OF LAUNCH, 3RD ORDER MARKET, GEO(8) ......ccccviieieeeriese e 87
GEQO(8) CAPACITY PROFILES FOR DEPLOYMENT STRATEGIES FOR THE LAST MILE MARKET ......cccevune.. 89
GEOQO(8) SATELLITE CAPACITY PROFILES FOR THE LAST MILE MARKET ..cvvevieieieiesee e et eeeeseeseeeas 89
VARIATION IN NUMBER OF SATELLITES, GEO (8)....eittieetieieiesiesiesie st stesee e seesie sttt e e e e s 90
AVERAGE PHONE LINES PER 1000 PEOPLE BY REGION......ccceiiiiiiinie it 92
MARKET GROWTH MODELS .....coiiiiiiiiiiiinie i s s b s b b s 104
COST PER T1 MINUTE SUMMARY ..uviiiiiiiiiitiiiei sttt sr st s bbb s 106

10



Table of Tables

TABLE 1.1:
TABLE3.1L:
TABLEA4.L:
TABLEA4.2:
TABLES.1:
TABLES.2:
TABLEG.1:
TABLE6.2:
TABLE6.3:
TABLE 6.4:
TABLE6.5:
TABLE 6.6:
TABLE7.1:
TABLE 7.2
TABLE7.3:

11

SYSTEM SUMMARY ...ttt st bbb bbb bbb e e b s h e bbb e nr s 18
SYSTEM PARAMETERS ..ottt bbb e e s b e sn e e 38
FCC CLAIMED COSTS ...ttt bbb bbb e s bbb a b s 66
SATELLITE COSTS (FY 96 BE) -..ecvveieiiiriciii et ee sttt se st sesesaesa st sessesesssesesessesensnsesens 68
SATELLITE CAPACITIES. ..ottt sttt bbb bbb s bbbt s 73
MARKET AVAILABILITY ottt s s s s sa s s 79
GEO(8), DELAYED DEPLOYMENTS....ceittiteiteeteeeesestessestessessessesssssssssessessessessesssssssssessesssssessessessssssessessesses 86
DEPLOYMENT STRATEGIES FOR GEO(8)......cuveiteiiertisiesiesteseeeeseestestesteste s e sseeeessessestestesnessesnsessesssssessessens 88
PERCENTAGE LONG DISTANCE SATELLITE CIRCUITSBY REGION .....cciiiiiiiiiininieie s 93
TRANSATLANTIC CABLE SYSTEM ...uciuiiiiiiiitiiii ittt sh s s sh e s 98
PERCENT FIBER MILES LIT vttt bbb 98
CONNECTION OPTIONS.....cctiiuiitisiieieie sttt st bbb e bbb e b e b bbb s e b sre 100
SYSTEM SPECIFICATIONS ...ccutiitiiiiiie sttt s b s a e b bbb bbb b e nr 103
SPACE SEGMENT COST ESTIMATE (FY 96 BE).....ccviiiiiiicierese et 105
TERRESTRIAL CONNECTION OPTIONS ..ottt st s s b s 107



12



Chapter 1: Introduction

1.1 Satellite Telecommunications

Commercial satellite ventures in telecommunications and remote sensing are experiencing
a period of rapid growth. Telecommunications is by far the largest commercia use of satellites
today with many of the satellite manufacturers attempting to not only provide satellite busses to
third parties for telecommunications payloads, but to put forth their own commercia
telecommunications ventures. Though satellite manufacturers are just beginning to get into the
business of commercial telecommunications, the use of satellites in such systems has a much
longer history. Space-based communications had its roots in the market demands for reliable
telephone service from the United States to Europe.

The first radio links for overseas calls were established between Europe and the United
States in 1915. Despite many improvements, communication by radio was typically unreliable,
noisy, and expensive. Service was so poor that people refrained from making overseas calls
unless absolutely necessary. The problem with reliability was eliminated in 1956 with the laying
of the first transatlantic telephone cable, TAT-1. The major drawback to the cable was its
extremely limited capacity. It could only handle 36 telephone calls at any one time. As traffic
grew, the decision of how to handle the increasing volume quickly came to the fore. AT&T had
aready placed microwave towers on hilltops to establish large capacity radio links for
transcontinental telephone traffic. The leap to the idea of satellites was ssimply waiting for the
appropriate time.
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Thus the scene was set for the launching of satellites as part of the Internationa
Geophysical Year (IGY) which was from July 1, 1957 to December 31, 1958. Both the United
States and the Soviet Union set rocket and satellite programs in motion to meet this goal. On
October 4, 1957, the Soviets launched their first satellite. In late January of 1958, the United
States followed suit with the launch of the Explorer satellite. While the IGY satellites did little
to solve the communications problems, they did prove to the world that launching something into
orbit was possible.

The first entity to capitalize on this ability and make use of it in the realm of
communications was the United States military. The SCORE (Satellite Communications
Repeater) satellite was launched into a low Earth orbit (LEO) in December, 1958.
Technologically, the satellite was simple; a recelver and tape recorder stored a message
transmitted from the ground during one part of its orbit, which could later be relayed via a
transmitter to a ground station below another part of the orbit. The military application was to
carry orders from the Pentagon to a commander in some remote region and carry intelligence in
the opposite direction.

On the civilian side, AT&T's Bell Telephone Laboratories had been working on traveling
wave tubes, which would make satellite transmitters very efficient. Studies by the director, Dr.
John Pierce, concluded that satellites for communications should not be higher than two or three
thousand miles, because if they were, transmission time delay would cause an echo in
conversations. In simulations where a delay was inserted, Pierce found that the delay in
combination with the poor quality of the echo suppression techniques in use lowered voice
quality far below what the public was willing to accept.

The Echo satellite was launched into a medium altitude orbit (MEO) of about a thousand
miles high in August 1960. The purpose of the satellite was to study atmospheric density, the
pressure of the sun on a large balloon in orbit, and several communications questions posed by
Bell Labs. Echo was a limited success. Ground stations on opposite sides of the country and
even across the ocean were able to communicate with one another by reflecting signals off of
Echo’s surface. However, since Echo was merely a mirror, only a tiny fraction of the energy
striking it was reflected back to Earth.

Bell Labs and RCA quickly began work on two satellites that would not be nearly as power
limited as Echo. At around the same time, NASA decided to solicit bids for an active satellite.
In addition to awarding the contract to RCA for a satellite called Relay, NASA agreed to launch
Bell Labs' Telstar satellite. Both satellites successfully transmitted two-way telephone
conversations and live television signals. The dawn of a new era in the commercial
telecommunications industry had begun.
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The government added its endorsement of satellite telecommunications with the passage of
the Communications Satellite Act of 1962. The act called for the creation of a private company,
which later came to be called the Communications Satellite Corporation (Comsat) that would be
closely regulated as to technical, economic, and foreign matters by the government. Half of
Comsat’s stock would be sold to the public, the other half was reserved for purchase by
communications companies. Its charter called for creating a global system of satellite
communications [McLucas, p. 31]. Comsat still exists today, and the communications satellite
industry has grown to be the largest and most successful commercial space application.

1.2 Modern Systems

The quest still continues for a global system of communications in the present day. Now,
instead of the simple desire of making an overseas call, the trend is toward mobile systems, more
ubiquitous information accessibility, and personal information services. A large step forward
occurred in this arena when the Federal Communications Commission (FCC) awarded licenses
to three companies to build, launch, and operate low earth orbiting satellite systems to provide
worldwide mobile voice services with transceivers about the size of today’s cellular telephones.
The three systems awarded licenses at that time were Iridium, Globalstar, and DdVhseg
systems plan to begin providing service in 1998.

With the increased emphasis on a National and Global Information Infrastructure (NIl and
Gll), the Internet has become the newest manifestation of the power of information. As a
disseminator of information, it has no parallel. The overarching vision for the Gl is that it will
allow ready access to information at a reasonable cost by anyone at any time. Yet many
countries are attempting to regulate, if not block access to the Internet. The feeling is that
whoever controls the flow of information, has the ability to control the parts of the world
depending on that information.

In light of this, it was not surprising that when the FCC deadline for filing an application to
construct and launch broadband satellite communications systems passed on September 29,
1995, fourteen companies had filed applications. These companies were categorized based on
coverage and market focus as shown in Figure 1.1.

! For a technical and cost analysis of these systems see MIT S.M. Thesis, Assessing the Future Growth
Potential of Mobile Satellite Systems Using a Cost per Billable Minute by Cary Gumbert, August 1995, and MIT
S.M. Thesis, The Development and Application of a Cost per Minute Metric for the Evaluation of Mobile Satellite
Systemsin a Limited-Growth Voice Communications Market by Michael Violet, August 1995.
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CONUS
Millennium (Motorola)
Echostar Worldwide Systems
Netsat Spaceway (Hughes)
Ka-Star Astrolink (Lock/Martin)
Vision Star Teledesic (GatessM cCaw)
VoiceSpan (AT&T)
Extensions CyberStar (SS/L)
GE Americom Morning Star
PanAmSat
Orion Atlantic

Figure1l.1: Fourteen companiesfilingwith FCC

Of the fourteen systems, five provide regional coverage over the continental United States
(CONUS) with similar services for Alaska and Hawaii, three are extensions of existing systems,
and six provide global coverage. The extensions are applications to add additional satellites to
Direct Broadcast Service (DBS) systems with the ability to transmit data at Ka band. Data
transmission was listed as a secondary service for these systems, with their main focus being
DBS.

The six truly global broadband systems propose to expand the NIl and the Gl by providing
awide range of broadband services to small fixed or transportable terminals. Through the wide
range of coverage that is proposed, the systems plan to bring the following services to the global
marketplace:

» Videoconferencing: By providing bandwidth on demand, the systems will be able to
carry audio and video signals from desktop to desktop throughout the world. This service
will have the flexibility to be tailored to end users’ geographic needs thus offering lower
rates and global accessibility.

» Telemedicine: Telemedicine will allow health care to be brought to regions of the world
that have very limited provisions for health care. Through videoconferencing for
diagnosis and treatment, and the ability to rapidly transmit large amounts of data, such as
X-ray images, to remote specialists for analysis, the systems will provide information to
nurses and medical workers in remote locations.

* Intranets: Divisions of corporations are becoming more globally diverse as the work

force is becoming more widely distributed. The systems will link regional offices
together and link telecommuters with their home offices.
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* Distance Learning: Just as with medical professionals, educators will be able to use the
systems to provide educational services to students who are in remote locations. The
high bandwidth of the systems will allow these services to be provided on an interactive
basisand in real time.

» Global Internet and Telephony Access: The systems also propose to reach the “last
mile”, or the individual users that cannot obtain service through other means. In many of
the industrialized areas of the world, this means broadband Internet services for
individual computer users. In the less developed areas of the world, the systems can
provide access to basic communications services like telephony.

Flexibility is a key element of the broadband satellite systems that make all of these services
possible. Large coverage areas allow access to small user terminals almost anywhere in the
world. The user terminals are fixed, but their size of approximately 60 cm makes them
extremely portable. Bandwidth on demand gives the users of the system the data rates they need
when they need them without requiring large changes in infrastructure or equipment.

The existence of so many different proposed systems to provide global broadband
communications raised the issue of whether a metric could be constructed to assist in
determining an optimal technical design and path for corporate deployment strategies. Gumbert
[Gumbert, 1995] and Violet [Violet, 1995] demonstrated that a cost per function metric could be
developed to successfully compare satellite based mobile telecommunications services. The
following methodology, employed to develop the cost per billable minute metric, was also used
to develop the comparative metric for the broadband systems:

1. Construct a market model

2. Develop a simulation to determine system capacity using the technical characteristics of
the system and the market model

3. Construct a cost model for the systems

4. Combine the cost model and the simulation results to obtain a cost per function
This thesis follows that methodology and carries it forward, employing the metric to examine
design decisions and develop corporate strategies for implementation.

In order to focus the analysis, five of the worldwide systems were chosen as models for
construction of the metric. These systems are Spaceway [Hughes Communications Galaxy, Inc.,
1994], Astrolink [Lockheed Martin Corporation], CyberStar [LAHI], VoiceSpan [AT&T
Corporation], and Teledesic [Teledesic Corporation]. A summary of their characteristics from
the respective FCC filings is shown in Table 1.1.
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Table1.1: System Summary

System Altitude (km) Operational Locations Access Spot
Satelites  (Planes) Scheme Beams
Astrolink 35785 (GEO) 9 5 TDMA/FDMA 192
CyberStar 35785 (GEO) 3 3 FDM/TDMA 27
Spaceway 35785 (GEO) 8 4 TDMA 48
Teledesic 700 (LEO) 840 21 TDMA/FDMA 64
VoiceSpan 35785 (GEO) 12 7 CDMA 32-64

1.2 Cost per T1 Minute

The cost per T1 minute is the metric used to compare the broadband satellite systems. The
cost per T1 minute is what the company needs to recover from customers through monthly
service fees, ground equipment sales, and other services, in order to achieve a specific interna
rate of return.

The concept of cost per function as a metric was developed in order to compare systems
that are technologically very different, yet perform a similar function. The comparison that
allows the systems to be evaluated on an equal basis is the cost incurred in order to achieve a
particular function. In the case of global cellular communication it was cost per billable minute
[Gumbert, Violet]. For launch vehicles the metric is cost per kg to a given orbit. For broadband
communications systems it is the cost to provide high speed information transfer.

In the current market, the majority of home users of the Internet are typically billed aflat
monthly fee for unlimited connect time. Since these users are limited by the data rate of current
modem technology, data transfer rates can be neglected in the billing scheme. A flat fee is a
convenient billing method since it eliminates the overhead necessary to monitor a customer’s
connection time. Most service providers that provide dial-in connections are moving away from
a per minute charge towards a flat monthly fee [Boardwatch, July/August 1997]. Business
customers, who connect to the Internet at widely varying data rates, purchase a connection for a
maximum data rate. They then have the option to be billed monthly for an unlimited connect
time at that rate or a monthly charge determined by the usage level under which 95 percent of
statistically measured data flow falls. The statistically measured billing allows users to
periodically obtain a burst data rate of the maximum without having to pay for the maximum
data rate at all times. A monthly cost based on a specific data rate lends itself to the formulation
of a metric for comparing broadband satellite communications systems. The broadband systems
have varying connection rates and capacity differences, thus the metric for equitable comparison
IS a cost per minute based on a specific data rate. A cost per minute rather than a cost per month
eliminates the necessity to estimate “typical” monthly usage. The broadband systems being
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compared are marketed as high speed data connections ideal for multimedia communication, thus
aT1 (1.544 Mbps) data rate was selected as the rate for comparative analysis.

Once the achievable capacity and system costs are known, the cost per T1 minute can be
estimated. The achievable capacity depends on the available market and the satellite system
design. System costs include recurring and non-recurring estimates for satellite design and
construction, launch, insurance, gateways, gateway and control center operations, and terrestrial
Internet connections.

1.3 Report Overview
Thefollowing isabrief summary of the material contained in each chapter:

Chapter 2.  Market Analysis

This chapter describes the three different market models developed for use in the
simulation. From the market projections a geographical distribution was produced for the years
1999 to 2010. These traffic models are used in the capacity simulation.

Chapter 3:  Capacity Simulations

The capacity model is described in detail. A computer simulation was used to determine
the achievable capacity for each year of system operation. Some of the mgjor limiting capacity
constraints include market demographics, market capture, rain attenuation, inter-channel
interference and overlap, and limited payload power resources.

Chapter 4:  System Costs

This chapter describes the development of the $77K rule-of-thumb satellite cost model
along with the corresponding models for launch and ground segment costs. The model is
compared to the claimed costs for the systems listed in the FCC filings.

Chapter 5. Cost Per T1 Minute

The development of the cost per T1 minute metric is described in detail and is calculated
for the modeled systems under the market scenarios described in Chapter 2. The effect of market
capture and program delays on the cost per T1 minuteis aso explored.

Chapter 6:  Corporate Strategies

Various strategies for implementation of a broadband satellite communications system
exist. This chapter explores the effects of deployment strategies and beam placement on the cost
per T1 minute. The competitiveness of the broadband satellite systems with current terrestrial
technologies is examined.
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Chapter 7. Conclusions
The study is concluded and a summary of the key issues that were raised through the
analysisis provided.
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Chapter 2. Market Analysis

2.1 Introduction

An understanding of the target market is crucial to any business venture. Attempts to
accurately model the market are the focus of much activity in the corporate world. The Internet
presents an excellent example of that phenomenon. Currently a flurry of studies are being
conducted in order to quantify user behavior and purchasing habits on the Internet. Many
corporations are interested in tapping into the sales potential that the Internet represents. Studied
topics range from Internet usage to user demographics and purchasing patterns. Drawing from
these studies and through independent research, market models for the broadband
communications systems were constructed and are described in this chapter.

2.2 Internet Growth

By any estimate, the Internet is currently experiencing rapid growth. The inception of the
World Wide Web (WWW) has caused a virtual explosion in Internet traffic. Recent surveys
estimate that approximately 35-37 million people in the United States age 16 and over have
access to the Internet [CommerceNet]. Local Internet service providers are springing up al over
the United States and URLs (Universal Resource Locator) have become common sights on
printed advertising. Corporate America has caught on to the Internet trend and spent $12.4
million in the fourth quarter of 1995 to purchase space on Web sites [Resnick]. Clearly the
Internet isgrowing. Thereal chalenge liesin quantifying that growth. Most sources say that the
current growth is exponential, however, those estimates are based on sparse data. The datathat is
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available comes from the old National Science Foundation (NSF) backbone that was
administered by Merit, Inc. from its inception in the fall of 1987 to its decommission in April
1995. Merit gathered data on traffic traversing the NSFNET from January 1988 to April 1995
[NSFNET]. Depending on the method of examining the data, two very different Internet growth
trends can be derived.

2.2.1 Exponential Growth Model

First, the Merit data in terms of the number of bytes traversing the NSF backbone from
January 1991 to April 1995 is examined. As shown in Figure 2.1, the growth trend falls off
abruptly after November of 1994. At that time, traffic began moving from the NSF backbone to
the new Network Access Point (NAP) architecture [NSFNET]. The new NAP architecture was a
realization that the growing role of commercia service providers needed to be accommodated
and would allow the National Science Foundation (NSF) to step back from actually operating a
network [Harris]. The NAP architecture allows regional networks and network service providers
to connect and exchange traffic, with no content or usage restriction [Chicago NAP).
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Figure2.1: Bytes Traversing the NSF Backbone
The NSF backbone consisted of computers in the United States. Though data entering the
NSF backbone could potentially come from networks in other countries, it is assumed that the
majority of the data traversing the network at the time the data was taken is primarily from the
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United States, since over half of all Internet hosts were located there [Lottor]. In order to obtain
a projection of the world market, the amount of data traversing the NSF backbone is doubled.
Neglecting the data obtained after the transition to the new architecture began, the data is
projected forward to the year 2010. An exponential curve that most Internet users expect is
obtained. Due to the new architecture, comprehensive data on bytes traversing the network after
April 1995 is not available.

2.2.2 Third Order Growth Model
Looking at the Merit data in terms of the number of packets traversing the NSF backbone
from January 1988 to April 1995 yields a very different growth curve, shownin Figure 2.2.
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Figure 2.2: Packets Traversing the NSF Backbone
Again, datafrom December 1994 to April 1995 is neglected due to the transition to the new
architecture. During the period prior to the transition, the average packet size was approximately
200 bytes, thus to transform the packet data into bytes, it is assumed that a packet is on average
200 bytes. Aswith the exponential model, the data is doubled to go from NSF backbone bytes to
world bytes. When this datais projected forward, athird order curve is obtained.
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223 Summary

The exponential and third order models are depicted in Figure 2.3. As shown, the
projections come from only a small sampling of data Unfortunately, due to the new NAP
architecture, comprehensive network traffic datais no longer available.
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Figure 2.3: Exponential and Third Order Markets

These market models are assumed to be upper and lower bounds to the growth of Internet
traffic. Thethird order model is avery conservative estimate due to the assumption of a 200 byte
packet. Packets are not a constant size; thus assuming a constant size packet underestimates
growth of high bandwidth services such as the World Wide Web, which did not become the
largest source of network traffic until April of 1995. With the growth of Internet commerce and
the beginnings of Internet telephony, it appears that the third order market is not a likely
scenario. The model is kept to assist in examining the broadband satellite systems when they do
not reach capacity saturation. The exponential model is considered an upper bound since the
Internet is till initsinfancy and growth rates of technology are typically exponential in the early
years and then begin to level off. Both of these models discuss the growth of the entire Internet.
It is anticipated that the increase in traffic will come from the extension of terrestrial land lines
and new access technol ogies such as the broadband satellite systems.
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2.3 ThelLast Mile
As another estimate of market growth, a model based on computer growth trends was
developed. A graph of the world installed base of persona computers is shown in Figure 2.4

[Auerbach].
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Figure2.4: Personal Computer Installed Base
As seen in the figure, the United States is currently home to nearly half of the world’s
computers. However, as the United States market saturates, the rest of the world still has room to
grow and will quickly begin to catch up. Early saturation of the market in the United States is a
typical scenario with many high technology items. Rather than project forward current trends in
the computer market, gross domestic product (GDP) is examined as an indicator.

2.3.1 GDP asan Indicator

It has long been theorized that GDP is an excellent indicator for market growth of high
technology items. Since the majority of such items are expensive, many of the consumers come
from wealthier nations. To explore this theory, the relationship of the number of telephones and
automobiles in a country to the country’s GDP was examined.

Figure 2.5 shows the percentage of world telephones that a country has versus its
percentage of world GDP. Each point on the plot represents a different country [CIA]. The
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variation appears to be linear, resulting in the linear log scale graph shown in the figure. The
higher a country’s percentage of world GDP, the more of the world’s telephones that it has.
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Figure2.5: World Telephonesvs. GDP

It can be argued that telephones are no longer considered high technology items since they
are mass produced. The barrier to acquiring a telephone may no longer be the cost of the
telephone itself, but the lack of infrastructure in the country. For example, it is estimated that it
will take upwards of 20 years to install copper wiring into the majority of the interior parts of
Africa. Thus in these areas, a telephone dependent on copper wire is useless. There is also a
fairly large amount of spread in the data in Figure 2.5.

For a second example, percentage of world automobiles versus percentage of world GDP is
examined in Figure 2.6 [CIA]. Again, each point on the graph represents a country.
Automobiles are a much higher priced item than telephones, and are considered a luxury
commodity. As seen in the figure, the spread in this data is much smaller than it is for
telephones. This suggests that the governing factor for the purchase of an automobile is
monetary. Whereas, for a telephone, regardless of the amount of capital an individual is willing
to invest, the item is useless without the necessary infrastructure of wiring.
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Figure2.6: Worldwide Automobilesvs. GDP

It is anticipated that computer growth trends will behave more like automobile growth
trends. A computer does not necessarily rely on agreat deal of infrastructure, and while the price
of a computer is not nearly as high as that of an automobile, members of the industry concede
that even in the U.S. market, there is a great deal of difficulty in reaching the lower economic
classes [Auerbach]. Computer penetration in various countries is thus projected to begin to
equalize at the country’s respective percentage of world GDP. The results of the projection are
shown in Figure 2.7. The pictured trends correspond to current statements that markets such as
the United States are beginning to reach saturation and the growth rate is rapidly tapering off
[Auerbach]. Many products experience high growth rates at their inception which begin to slow
as the markets that can afford the product reach saturation. As computers are introduced in
foreign markets, growth rates are expected to increase rapidly.
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Figure2.7: Projected Personal Computer Growth

2.3.2 Hosts

Included in the estimate of the growth of personal computers are those computers that are
connected to the Internet as hosts. Hosts on the Internet are those computers that have a
permanent connection to the Internet. A computer that dialsin and is dynamically assigned an IP
address for the duration of its connection is not considered a host computer. Mark Lottor of
Network Wizards conducts a survey of the number of hosts on the Internet. This survey is
conducted every six months and results are available from the Network Wizards web site at
http://www.nw.com. The last mile market consists of those computers that are not aready
connected to the Internet because the current infrastructure does not reach them. This market is
shown as the difference between the two curvesin Figure 2.8.

28



2.50E+09

2.00E+09 7

1.50E+09 7
/
/
/
/
7
/s
Hosts //
1.00E+09 — — - Computers v
//
4
7
b
-~
P Market
P 7
//

5.00E+08 —

0.00E+00

2003
2004
2005
2006 T
2007
2008
2009
2010

2000
2001
2002 T
2011
2012

Year

Figure2.8: ThelLast Mile Market

2.3.3 From Computersto Bits

For the last mile market to be useful in the smulation, the number of computers must be
converted to bits per year. This task requires an insight into the behavior of current Internet
users. To explore user behavior, data from Algonet, a commercia service provider located in
Sweden, was obtained and analyzed. Algonet offers its users several different types of services.
These range from dialing in to a Unix shell and running processes from the shell to running a
point-to-point protocol (PPP) connection which alows the user to run software on a home
computer (such as a DOS/Windows machine or a Macintosh). Some commands that are
available to users are telnet, FTP, mail, lynx, and all standard Unix commands. Netscape is not
available as a shell command due to its graphica interface, so it is only usable with a PPP
connection. Approximately 78% of Algonet’s users connect via PPP and run software resident
on their home computers. Since PPP connections demand fairly high data transfer rates to
operate effectively, it is expected that the majority of dial-in users are connecting with a 14.4 or
28.8 kbps connection. Data on these users was gathered for two different time periods, the first
in November of 1995 and the second in April of 1996. The data was obtained by tracking users
on Algonet’s machines. Each machine was queried every five minutes to obtain a list of users
and their corresponding idle times. The data was compiled using a program that tracked
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complete login sessions and determined how long the user was idle during an individual login
session. Thisidle time was then divided by the total number of minutes the user was logged in to
obtain a percentage of login time that the user was idle. Each session was weighted equally
regardless of the length of time logged in and an average idle time per login session was
obtained. For the November data, the average idle time was 17.4% with atotal of 17,912 tracked
sessions. The April data yielded an average idle time of 20.5% with a total of 36,912 tracked

sessions. Thus users are active for approximately 80% of the time that they are connected.

The other piece of the puzzle necessary to construct a picture of the data potentia that the
unconnected computers represent is the average connect speed and usage time of a user. The
most common form of Internet connection is via modem. The predicted growth in modem
speeds, shown in Figure 2.9, was examined.
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The average modem speed for 1996 is 18.1 kbps, which coincides with Algonet’s estimates
that the majority of their users connect via either a 14.4 kbps or 28.8 kbps connection. Taking
the average time that a user spends active during a login session as 80% from the Algonet data,
yields a transmission rate of about 14.5 kbps which is on the order of 1% of a T1 connection. It
can be reasonably assumed that Internet application software will develop to utilize the excess
available capacity as modem speed increases, so usage rates can be taken as a constant 80% of
average modem speed. The curve represents projections that require fundamental changes in
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technology. Modems are rapidly approaching the transmission limits of copper wire. For speeds
to continue to increase beyond 56 kbps or 64 kbps, a fundamental shift in connection
technologies is required. The beginnings of these shifts are visible today with the increase in
usage of ISDN and the introduction of xDSL and cable modems with speeds up to 10 Mbps that
run over coaxial cabling. Technologies such as these and the increased proliferation of fiber
optic cabling provide the increase in Internet hosts seen in the projections of Internet host growth
in Figure 2.8. If the projections are carried forward based on current trends, average modem
speed can be expected to reach 180 kbps by the year 2005 with improvements in technology and
compression algorithms. This is approximately 10% of a T1 connection at mid life of the
satellite systems.

According to the CommerceNet/Nielsen Internet Demographics Survey conducted in mid
1995, the average Internet user spends on average about one hour per day logged in
[CommerceNet/Nielsen]. Combining this information with average activity rates and modem
speeds yields a projected market for the data potential that computers not connected to the
Internet represent.

24 Worldwide Distributions

Once estimates on the growth of the worldwide market are obtained, these markets must be
globally distributed so they can become input to the capacity ssimulation code. To facilitate this
distribution the world was divided up into five degree latitude and longitude cells.

The common measures for purchasing power are based on the wealth of countries as a
whole, or on the wealth of individuals, thus the world market was distributed to countries in two
different ways. GDP and GDP per capita. Examples of a distribution based on GDP and a
distribution based on GDP per capita are shown in Figure 2.10 and 2.11 respectively. Percentage
of the market for each five degree square are shown in the figures.
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Figure2.10: World Market, Last Mile, 2010, GDP Distribution

Distributing the world traffic from country to country according to a country’s percentage
of the world GDP accounts for the country’s purchasing power as a whole, regardless of
population. On the other hand, distributing the world traffic according to GDP per capita
accounts for the purchasing power of an individual within a country when the country’s wealth is
evenly distributed among the population. In a GDP per capita distribution, countries with large
populations are penalized. Even if the country as a whole appears wealthy with respect to other
nations, distributed on a per individual basis, the amount of wealth per person is small. For
example, in a scenario where a simplified country consists of three individuals, one with enough
money to buy a computer and two with barely enough money to sustain themselves, the
distribution used to determine the number of computers in the country plays an important role.
In a GDP distribution, the country would be allocated one computer, since the total wealth of the
country is enough to afford one. However, in a GDP per capita distribution, the country would
be allocated nothing, since the one individual's wealth distributed among three people is not
enough to afford a computer.
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Figure2.11: World Market, Last Mile, 2010, GDP Per Capita Distribution
Once various percentages of the market are allocated to a country, the data is further
distributed according to the population distribution within the country. A more densely
populated area of a country is expected to contribute a larger portion of that country’s Internet
traffic than a lower density population area. In this manner each of the three markets are
distributed according to GDP and GDP per capita, giving a total of six market scenarios to be
examined.

25 User Profiles

In order to determine whether a time of day distribution needs to be taken into account for
the market data, the behavior of the potential users of the systems is examined. The users can be
divided into three different categories: home users, business users, and backbone users. Home
users of the service are individuals who desire Internet access for things like e-mail and
entertainment, similar to users found on America On-Line, Netcom, or Algonet. Business users
are those users that either use the service to telecommute or connect from a place of work.
Backbone users would be similar to corporate intranets or actual national and regional backbones
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that need to be able to communicate at high data rates. Each of these groups exhibits very

different behavior patterns as shown in Figure 2.12.
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Figure2.12: Timeof Day Distributions

Again examining the data from Algonet for home users [Lonn], the highest usage periods,
with a peak of around 7% of daily users logged in, occur between the hours of 8pm and 11pm
local time with a large decline at midnight. The number of users reaches a low at around 6am
local time and local minimums occur at noon and 6pm. This behavior pattern is not surprising
since people use the system after they get home from work or school and then log out when they
eat and sleep.

For telecommuters and other business users of the Internet, traffic patterns are expected to
be similar to that of phone calls for a business. Activity reaches a peak of about 12% at 10am
and is highest from the hours of 8am to 4pm local time. After 4pm, usage tapers off until
midnight when it reaches nearly zero. The peak usage period for a business occurs 12 hours
prior to the peak for the home user and is dightly greater in magnitude [Gumbert, p. 61].

Data on backbone Internet traffic was downloaded from NORDUnet, a backbone network
based in Denmark [NORDUnet]. Traffic for data on all of NORDUnet’s links has a very
different time of day distribution from that of home and business users. The traffic on a
backbone has much smaller fluctuations than business and home user traffic examined



individually. Fewer fluctuations exist in a backbone time of day distribution because a backbone
sends and receives data from computers worldwide and requests from different time zones
average out into a nearly constant flow of traffic.

Since different types of users have very different behavior patterns, the actual time of day
distribution for any of the satellite systems would depend heavily on marketing strategies. By
varying what kind of user the services are marketed to, the systems have the ability to construct
almost any time of day distribution they desire. Time of day distribution is therefore neglected in
the capacity simulations.

2.6 Summary

Three different market scenarios were developed to attempt to simulate the potential
growth of Internet traffic. As shown in Figure 2.13, the third order and exponential models
represent upper and lower bounds to the market development. The last mile model is larger than
the exponentia initialy, but the growth of the exponential model quickly overcomes it and
surpasses it by the year 2005. This results from the two different quantities that the models are
presenting. The last mile model represents the growth of computers not connected to the
Internet. The exponential model is a measure of the growth of the Internet itself. These two
guantities are intertwined. The Internet is growing and as the Internet grows the amount of
traffic traversing the network and the number of hosts attached to it also increases. Since the
Internet is growing faster than the computer market, the increase in number of hosts means a
corresponding decrease in the number of computers that are not yet connected to the Internet.
Degspite the fact that the exponential and last mile market were constructed from different data,
their estimates of growth are fairly similar. On the other hand, the third order model lies far
below the other two, substantiating the ideathat it is an unlikely scenario.
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Figure 2.13: Market Scenarios

The three markets were distributed worldwide by GDP and GDP per capita. The
simulation discussed in the next chapter was run by employing the six market models distributed
world wide over five degree longitude and latitude cells.
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Chapter 3. Capacity Simulations

3.1 Introduction

In order to comparatively evaluate the broadband satellite systems, an estimate of the total
achievable capacity of each oneis required. The achievable capacity is the total number of bits
that the system can realistically transfer at agiven point intime. In actual operational conditions,
the achievable capacity will vary with time. However, since this time variation can be affected
by such factors as the type of customer and the billing pattern imposed, a time of day distribution
is not included in the market models. Achievable capacity differs from the sum of all
transponder capacities, or theoretical capacity, in that it accounts for market availability, rain
attenuation, satellite power resources, beam overlap, inter-channel interference, and achievable
link margins.

A computer simulation was used to estimate the effects of these factors and model the
operation of broadband satellite communications systems in a distributed market scenario.
VoiceSpan, Astrolink, Spaceway, CyberStar, and Teledesic were used as models for the
GEO(12), GEO(9), GEO(8), GEO(3), and LEO constellations used in the simulation. Basic
system parameters and with theoretical capacities are listed in Table 3.1.
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Table3.1: System Parameters
System Operational Locations Access Altitude Satellite Capacity

Satellites (Planes) Scheme (km) (Gbps)
GEO (9) 9 5 TDMA/FDMA  GEO 7.7
GEO (3) 3 3 FDM/TDMA  GEO 4.9
GEO (8) 8 4 TDMA GEO 4.6
LEO 840 21 TDMA/FDMA LEO 13.3
GEO (12) 12 7 CDMA GEO 5.9

3.2 Logic Flow

The simulation calcul ates the number of bits that can be transferred through a given system
under the limiting factors of satellite power resources, achievable link margins, rain attenuation,
and distributed market models. Flexibility within the simulation allows the modeling of both
geosynchronous and low Earth orbit systems without any modifications. Inter-satellite links can
also be modeled if required.

The program begins by projecting spot beams onto the Earth from the satellite ephemeris
data given in an input file. Examples of the input files used for the ssmulation of each system
can be found in the appendices. The simulation then calculates a link budget for each channel in
each beam and estimates rain attenuation based on the globally distributed Crane rain model.
Availability is calculated based on rain attenuation and the resulting link margin. It is then
multiplied by the transponder capacity to give the maximum data rate available on that channel.
Whether or not the channel will carry that maximum data rate at all times depends on the
accessible market for the beam. The accessible market is governed by the coverage area and the
magnitude of the market within the beam. The achievable capacity is the minimum of the
supportable data rate and the available market to which it has access. A flow chart depicting this
process can be found in Figure 3.1.
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Figure3.1: System Capacity Flow Chart

3.3 Program Components

3.3.1 InputFile

The input file contains the necessary satellite and market information for the program to
perform the simulation. This section contains a brief description of the input files. Sample input
filesfor the systems used in the simulations can be found in Appendices A.1-A.5.

The top of the input file contains the name of the system to be simulated and is used by the
program to reference the corresponding ephemeris data. The next section of the input file
specifies the market model and the years for which the simulation will run. Multiple years can
be run from the same input file, allowing the user to ssimply specify the number of years for
simulation and requiring no additional input from the user during the course of the simulations.
Thetotal size of the market for each year must also be entered into the input file.

The system characteristics section of the input file contains the following information:
number of satellites, number of beams per satellite, number of scannable positions per beam if
beam-hopping is utilized by the system, the number of polarizations, the number of transponder
channels per beam, the bandwidth and capacity of each channel, and the total RF power available
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to the payload. Inter-satellite links, if desired, can also be specified. Link parameters for both
the uplink and the downlink are required. Thisinformation includes nominal power per channe,
transmission burst rates, E /N, terminal gains, system temperature, and link losses.

The beam section contains detailed information on individual beams. On a per-beam basis,
the following parameters are entered: gain, boresight location in either longitude/latitude or
azimuth/elevation, uplink and downlink center frequencies, polarization, and position in the scan
cycle, if required. Theindividual beam information must be entered for each satellite if a custom
beam pattern exists as it does for the GEO systems in the ssmulation. For the LEO system, the
beam locations are given in azimuth/elevation relative to the satellite, thus only one beam tableis
required for the entire system.

3.3.2 Beam Generation

In an attempt to support the largest total capacity for each satellite, the beams are first
ordered to give those supporting the largest link margin priority. This ordering is to account for
the systems that have insufficient payload power to operate all beams simultaneously. By
calculating a simple link budget for each beam based on its link parameters and assuming no rain
attenuation, the beams that should be able to support a higher data rate are placed at the top of the
list. Inanevenly distributed large market, the beams with the higher data rates are those with the
highest link margin and the largest link availabilities. While the assumption of a perfect market
and the omission of rain attenuation in the calculation could result in a smaller than optimal
system capacity, this capacity reduction is small in comparison to that which would result if no
ordering took place.

The primary output of this portion of the simulation program is the beam file which
contains the coverage regions for each powered beam to aresolution of one-half degree longitude
and latitude. Employing the ordered list of beams, the following steps are performed:

1. Power per Channel Calculation

Severa different constraints determine the transmit power of communications channels in
each beam. The transmit power used in the simulation is determined for each beam by taking the
minimum value of the available payload power, the power flux density limits, and the nominal
power per channel. If the calculated transmit power is greater than zero, the beam is considered
active and the calculated value is used for al link calculations involving the beam. If the
calculated transmit power is less than zero, then the satellite does not have sufficient power
resources for any more beams and the program moves on to the next satellite in the constellation.
The constraints are described in further detail below.

Available Payload Power: Some of the proposed systems do not have sufficient power
resources aboard the satellite to operate al of the transponders at saturation simultaneously. To
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prevent over estimation of the satellite capacity, as the transmit power for each beam is
determined a comparison to the remaining available power on the satellite is performed. The
total available RF power is reduced by the transmit power of the beam as each beam calculation
is performed. If thereis no power available, the beam is not used in the smulation.
Power Flux Density Limits: The International Telecommunications Union (ITU) and the
FCC have placed limits on the amount of RF power that may be received at the surface of the
Earth based on the amount of power in a given area in a 1 MHz bandwidth. For the Ka-band
downlinks of the proposed fixed services, the limits imposed by the ITU at the World Radio
Conference of 1995 are [ITU, 1995]:
+ -115dB (W/m% in any 1 MHz band for 02 £ < 5°
+ -115+ 0.5€ - 5) dB (W/n) in any 1 MHz band for 5& € < 25°
+ -105 dB (W/m) in any 1 MHz band fog > 25°
whereg is the elevation angle of the incident radiation in degrees above the horizontal plane.
These regulations limit the power per channel of the beam, which is given by:

487 PFDn@l
T Gile 000

where S is the slant range in meters, PFD is the regulated ljngtiHe downlink antenna loss in
Watts, B is the channel bandwidth in Hz andsGhe antenna gain for the corresponding beam.
The calculation is performed for both the toe and the heel of the beam and the one which places
the greatest constraint on power is used.

Nominal Power per Channel: The transmit power per channel cannot exceed the

saturation power of the transponders.

2. Rain Attenuation and Link Availability Calculation

Once the power for each channel in the beam is derived, an estimation of the likely
attenuation due to rain is calculated. Calculations are performed using the Crane rain model
[Crane, 1980] to determine the average probability of successfully completing the
communication link. The Crane model divides the world into eight different climactic regions
(A-H) according to the average amount of rainfall experienced within that region. The model
was discretized and digitized at MIT and is shown in Figure 3.2. The model is used by the
simulation to determine the climactic region in the boresight of each beam. Through a series of
calculations that are described in detail in Crane’s pdprediction of Attenuation by Rain
[Crane, 1980], the attenuation in dB due to rain is obtained. The attenuation decreases the link
margin calculated from the power derived in the previous step. The link availability is then the
percentage of the link that is available to support transmission after the losses have been
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accounted for. It isutilized later to determine the billable data rate that can be supported by each
channdl.

Figure3.2: The CraneRain Regions

3. Projection and Discretization of Spot Beams

Once the link availability is determined, the active spot beam is projected onto the surface
of the Earth. For simplification, the method assumes a spherical Earth and circular beams. A
detailed description of the methodology can be found in Gumbert [ Gumbert].

To alow a correspondence between the discretized market model and the beam coverage
area, the coverage areais also discretized into half-degree cells. The longitude and latitude of the
lower left corner of each cell isused to identify it and is written to afile for each beam.

3.3.3 Channel Assignment and Interference

While GEO systems are typically designed so that beams from different satellites cannot
interfere with one another, this is nearly impossible for a LEO system. Spot beams from
different satellites with similar frequencies and polarizations can overlap in ground coverage area
as the satellites propagate through their orbits. Overlap most commonly occurs at high latitudes
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where the satellites pass close to one another, but can occur anywhere in the coverage area. The
overlapping communications channels cannot be operated simultaneously due to interference.
The simulation searches the spot beam coverage areas to determine where overlap in
polarization, frequency, and space occurs. Available communications channels are then
distributed amongst the overlapping beams. Overlap between satellites of a system is the only
interference check performed by the simulation. It assumes the interference between systems is
within the operational limits required by the FCC.

3.34 Accessible Market and Achievable Capacity

The accessible market is the number of bits of traffic on the ground that a given beam has
access to due to its coverage region. It is not afunction of the capacity of the transponders. To
perform the calculation, bits are allocated to all the one-half degree cells that make up a beam.

Each % degree beam cell lies within one of the five degree market cells of the distributed market
model described in Section 2.4. The market within each of the five degree cells is assumed to be
evenly distributed and is divided by the simulation into one hundred subcells that are
approximately the same size as the beam cells. Each subcell is one hundredth of the number of
bits contained in the corresponding five degree market cell. A beam cell that overlays a market
subcell has access to the market within that subcell. Thus the accessible capacity of a beam is
the sum of all the bits that are allocated to each of the beam’s component cells. To prevent
double counting of market bits, after a beam has accessed a particular subcell of the market, the
market remaining in that subcell must be reduced by the amount that the first beam can uplink.
Transponder capacity and link availability of the channels in the beam determine the number of
bits that the beam can upload. The algorithm used to determine the number of bits for uplink is
described below.

The simulation first cycles through the spot beams to determine whether or not they are
active. The accessible market of each beam is the sum of the market in each component cell that
makes up the beam. The uplink capacity of the beam is the product of the transponder data rate,
the link availability, and the number of channels allocated to the beam. The calculated uplink
capacity is then compared to the accessible market. The smaller of these is the maximum
number of bits that can be uplinked by the beam. Before this calculation is repeated for the other
beams, the market is reduced accordingly.

If intersatellite links are specified, traffic is allocated to them before the downlink capacity
iIs computed. The amount of traffic going over the intersatellite link is specified in the input file
as either a percentage of the total uplink bits for the satellite or the data rate of the intersatellite
link channel. The destination satellite for each link is also specified in the input file. Since
traffic patterns are dependent on market demographics and not on satellite hardware, the



outgoing traffic is assumed to originate from each beam in proportion to the relative size of that

beam’s accessible market. The satellite sends outgoing traffic and then receives incoming traffic
and sums the total number of arriving bits. The incoming traffic is allocated to the beams also in
proportion to the size of the accessible market. Through a conservation of bits argument, the
number of downlinked bits is equal to the number of uplink bits minus those leaving via
intersatellite links plus those arriving via the intersatellite links. The maximum number of bits
that can be downlinked is limited by the downlink capacity of the beam which is defined as the
product of the link availability, the maximum data rate, and the number of channels in the beam.
True achievable capacity is the minimum of the downlink capacity of the beam and the number
of bits to be downlinked. The sum of this quantity over all the beams on the satellite gives the
achievable satellite capacity and the sum of the satellite capacity over the satellites in the
constellation gives the achievable system capacity.

34 Assumptions

The simulation makes several simplifying assumptions in order to perform its task in a
reasonable time period. Some of the assumptions and errors embedded into the simulation that
may affect the results are as follows:

* Rain attenuation and link availability are calculated only at the boresight of each beam.
This simplification reduces run time, but may over or under estimate the achievable
capacity of the beam. The errors in estimation are most likely to occur in areas where the
beams have broad coverage regions such as the tropics where the climate has a finer
spatial resolution.

* The link budget assumes a clear sky system temperature. The resulting effect is very
small and is insignificant when comparing between systems.

* Beams that are allocated power may be disabled by the overlap calculation. This is an
inefficient use of power resources, since some of the disabled beams may be high priority
beams satisfying the maximum market. The logic sequence of the program could cause
this to occur since the beams are assigned power with a prioritization based on satisfying
the maximum market. Calculations are done in this order to minimize the number of
beam cells that much be searched for overlap and minimize computational time. The
systems that this may have an adverse effect on are those with insufficient power to
operate all channels simultaneously.

* The simulation neglects time of day distribution. As shown in Section 2.5, the usage
behavior of the market is affected by both the time of day distribution and the type of
service provided. The market is assumed constant with time of day, allowing the GEO
systems to have constant system capacities that only require calculation once. The LEO



systems also have no variation in the system capacity with time of day, since with avery
large satellite constellation, the pattern of the orbits repeats rapidly enough to assume a
constant capacity.

3.5 Simulation Results

The achievable capacity results obtained from the smulation are presented and discussed in
this section. The operation of each system was ssmulated under the three different market
scenarios each with two different distributions discussed in Chapter 2 for the expected system
lifetime. This section aso highlights some of the graphical outputs available from the

simulation. The deployment strategies assumed for the various systems are shown in Figure 3.3.
System

1997 1998 1999 2000 2001 2002 2003 2004

GEO (12)

GEO (9) * "

GEO (3)

LEO

Figure 3.3: Deployment Schedule

3.5.1 The Effects of Intersatellite Links on the Achievable Capacity

In order to determine the effects of intersatellite links on the achievable capacity, a
simulation was run using GEO(3) with varying amounts of outgoing intersatellite link traffic.
The simulation incorporated two inter-regional crosslinks per satellite with a varying percentage
of the uplink bits being routed to these crosslinks. The capacity of the inter-satellite link was set
at 1 Gbps. The achievable capacities for the exponential market model over the lifetime of the
system is shown in Figure 3.4. The plot is of achievable capacity in Gbps by year of simulation
with the percentage of uplink bits going to the crosslinks varying from zero to twenty.

As shown in the figure, the intersatellite links have no noticeable effect on the achievable
system capacity. The crosslinks will only serve to reduce achievable capacity dlightly if the data
throughput capability is not sufficient to carry the inter-regional demand. The intersatellite links
cannot increase the achievable capacity with the assumed market models since all of the bits
must be eventualy downlinked. The limits are then the locally supportable market or the
downlink capacity.

Arguments for the inclusion of intersatellite links are primarily marketing oriented. By not
requiring the bits uplinked by the satellite to be immediately downlinked for inter-regional
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transport, the system can claim to provide more rapid data service and also attempt to circumvent
any possible tariffs for building ground stations to downlink bits in the region. For an intranet
market, inter-satellite links are desirable from a data security standpoint. The satellite provides a
dedicated link for data so that it does not have to pass through the terrestrial Internet, making the
data less susceptible to eavesdropping by unauthorized third parties. However, since the
presence of inter-satellite links makes little or no difference in the achievable system capacity,
for ease of calculation, they will be omitted in future ssmulations.
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Figure 3.4: Inter-regional Traffic and Achievable System Capacity

3.5.2 GEO(3) Simulations

The GEO(3) system consists of three geostationary satellites, one each servicing North
America, Europe, and Asia The system will have a 12 year lifetime, with the first launch
planned for 1999 and initial operating capability in 2000. Simulations for this system were run
both with and without intersatellite links in order to ascertain the effects of their inclusion as
discussed in the previous section. The graphical results shown here are for the simulation
without intersatellite links. A sample input file for the GEO(3) system can be found in Appendix
Al.

The beam placements for the system are shown in Figures 3.5 to 3.7. From the coverage
areas it can be seen that this is truly a regional system covering the well developed market
regions of the world.
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Figure3.7: Asian Region GEO(3) Beam Pattern

The satellites are deployed over a period of four years with the North American satellite
deployed in 2000, the Europe satellite in 2002, and the Asian satellite launched in 2003. The
achievable capacity as a function of years of operation is shown in Figure 3.8. The exponential
and last mile market models result in similar achievable capacities, while the third order market
models result in significantly lower capacities.

Early in the operational lifetime of the system, with only the North American satellite
operational, the achievable capacities for all market models are similar. Since North America
aready has a well-developed Internet community, growth under any of the market models is
small in this region compared to growth in less developed regions. With the introduction of the
European satellite, the differences between the exponential and last mile market and the third
order market become much more pronounced. Thisis because Europe is comprised of both areas
that have well developed Internet communities and other areas in which Internet usage is still
fairly limited. The last mile and exponential models have higher growth rates for less devel oped
regions. With the launch of the Asia satellite in 2003, differences between the GDP and GDP
per capita distributions in the last mile and exponential markets are observable. This is due
largely to the demographic differences between Asia and North America and Europe. In North
America and Europe, the countries with the largest GDP also have the largest GDP per capita
However, in Asia there are both large, poor countries (China) with high GDPs but very low
GDPs per capita, and small, wealthy countries (Hong Kong, Singapore) that have both a high
GDP and a high GDP per capita. Therefore, satellite beam patterns that focus on the large
population areas in Asia will have markedly lower achievable capacities under a GDP per capita
market distribution.
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During the initial years of system deployment and operation, the last mile markets give the
largest achievable capacity. For both the last mile and exponential market scenarios, the
achievable capacity increases rapidly as the market matures and additional satellites are
deployed. The large increases in achievable capacity are due to the launch of additional
satellites and performance plateaus between launches can be seen in the figure. For the last mile
markets, the system approaches saturated design capacity in the year 2003, while taking slightly
longer in the exponential markets and approaching saturation in 2005. In the third order market
scenarios, the system never reaches saturation.
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Figure 3.8: GEO(3) Achievable Capacity Profile

The shapes of the capacity curves are due to the beam utilization rates during the system
lifetime. For all markets at the start of system lifetime in 2001, the system is market limited.
While the market is still developing, only the large commercial centers of North America,
Europe, and Asia have more traffic available on the ground than the capacity of the satellite is
able to support. As the exponential and last mile markets grow and additional satellites are
launched to service that market, a sharp increase in achievable capacity is observed. At around
2005, the last mile and exponential markets have matured enough that the system approaches its
design capacity. The third order markets never mature enough to approach the design capacity of
the system, thus the achievable capacity simply tracks market growth.

3.5.3 GEO(8) Simulations
The GEO(8) constellation is a network of eight geostationary satellites operating in four
orbital dots. This is a truly global system servicing North America, Europe, Africa, South
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America, Asia, and the Pacific. For smulation purposes, the first launch is assumed to occur in
1998 with initial operating capability in 1999 and a system lifetime through 2012.

The spot beam patterns shown in Figures 3.9 to 3.16 were derived from estimates of likely
market growth regions. The beam patterns for the first satellites in each region allow the system
to achieve global coverage while the second satellites concentrate coverage regions on areas of
large projected market growth.
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Figure 3.9: North America 1 GEO(8) Beam Pattern

=

Figure 3.10: Europe/Africal GEO(8) Beam Pattern
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Figure 3.14: Europe/Africa2 GEO(8) Beam Pattern
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The GEO(8) system was simulated for the various market scenarios from the years 1999 to
2012. A sample input file for the ssimulation of GEO(8) can be found in Appendix A2. The
initial year of operation assumed for each of the satellitesis as follows:

e 1999 - North America 1 and 2, Europe/Africal, Asial, South Americal
» 2000 - Europe 2, Asia 2, South America 2

The achievable system capacity for the constellation lifetimeis shown in Figure 3.17. Very
little variation exists between the GDP and GDP per capita distributions for any of the three
market growth models. Unlike GEO(3), GEO(8) is insensitive to the market distribution due to
its larger and more comprehensive coverage regions. Also unlike GEO(3), each of the market
models result in a smooth achievable capacity curve with no distinct plateaus. Since all of the
satellite resources are on orbit and operational by the year 2000, the achievable capacity follows
the maturation of the markets.

The last mile market results in the largest achievable capacity from 2000 to 2003 and
increases until saturation is reached in 2008. The achievable capacity for the exponential market
shows arapid increase from 2002 to 2005 and reaches saturation in 2007. Capacity for the third
order market models increases at the rate of market growth and never reaches saturation.

4.00E+10

—<O— 3rd Order
—O— 3rd Order per Capita
—24— Exponential

—X— Exponential per Capital
3.00E+10 T —O— Last Mile

—+— Last Mile per Capita

3.50E+10 T

2.50E+10 T

2.00E+10 T

N e
Y /

1.00E+10 T

Achievable capacity (b/s)

5.00E+09 T

0.00E+00

2004 T
2005 T
2006 T
2007 T
2008 T
2009 T
2010 T
2011 T
2012

I
T T T T
o - N [s2]
o o (=] o
o o o o
N N N N

1998
1999 HIX

Figure 3.17: GEO(8) Achievable Capacity Profile
The early deployment of all the system resources results in the satellite spot beams being
under-utilized through the early years of system lifetime. Shortly after full operational capability
in 2001, only large commercia centers on the northeastern coast of the United States and in the
United Kingdom have sufficiently large markets to support the full link capacity of the spot
beams. In the other regions, the achievable capacity is limited by the market available. As the
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exponential and last mile markets develop, more of the beams become link limited as opposed to
market limited until the full system approaches saturation.

354 LEO Smulations

The LEO system consists of a constellation of 840 interlinked satellites with 40 operational
satellites in each of 21 orbital planes. Since the system cannot attain complete globa coverage
until the full complement of satellites are deployed, initial and final operating capability will
occur simultaneously in 2001. For purposes of the simulation, the expected lifetime of the
satellites is assumed to be ten years.

As mentioned previously, the Ka band is prone to high rain attenuation. To prevent
attenuation and terrain blocking for links at low elevation angles, an elevation mask is employed

that only allows satellites that are 40° above the horizon to be employed for communication
links. This constraint limits the size of the satellite footprint and drives the constellation size

required to achieve global coverage.

Rather than utilize tracking user equipment, the LEO constellation maps the Earth’s surface
into a fixed grid of approximately 20,000 “supercells”, each consisting of nine smaller cells.
Each satellite footprint covers a maximum of 64 supercells or 576 cells. As the satellites pass
over the supercells, the beams are steered to fixed cell locations within the footprint. Each spot
beam scans through nine different positions that correspond to the nine cells within each
supercell as shown in Figure 3.18. This is the functional equivalent of time division multiple

access (TDMA) with steerable ground antennas.
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Figure 3.18: Scannable beam positions within supercells

The implementation of a LEO system required several assumptions to simplify the
simulation. The key system assumptions are summarized below and a sample input file can be

found in Appendix A3.

» Walker constellation: The satellite ephemeris files were obtained from the output of
Satellite Toolkit [STK, 1995]. The constellation assumed is a Walker delta pattern
[Walker, 1984] with twenty one planes, forty satellites per plane, and no phasing between

planes.
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* Intersatellite links: Section 3.5.1 discusses the negligible effects that the inclusion of
intersatellite links have on a geostationary system. For a globally interconnected LEO
constellation to perform as a packet switched network, intersatellite links are required.
However, from the perspective of the achievable capacity simulation, provided that the
crossiinks are capable of supporting the theoretical uplink/downlink capacity of the
satellite, they will not act as a limiting factor. Since the Teledesic constellation is
designed in a manner such that the cumulative capacity of the intersatellite links per
satellite is sufficient to support the theoretical uplink/downlink capacity [Teledesic,
1995], this assumption is used for the LEO system and intersatellite links are neglected in
the simulation.

* Beam pattern: To simulate the Earth fixed grid discussed previously, a beam pattern
based on a symmetrical construction of the 64 supercells to be accessed by the spot beam
iIs employed. The nine beam footprints contained in each square represent the nine
scannable positions for that spot beam. A projection of the entire spot beam pattern for
all 576 footprints which includes the 40° elevation mask is shown in Figure 3.19.
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Figure3.19: LEO Beam Pattern with 9 Scan Positions per Beam

56



In addition to these assumptions, the simulation of the LEO constellation was performed in
apiecewise fashion. The simulation was divided up into three regional sections: North America,
Europe/Africa, and Asia/South America. Since the market models do not provide estimates for
traffic over the oceans, only those satellites that were over populated land masses were selected.
Propagation of the satellites is not required due to the ubiquitous coverage provided by such a
large constellation. Care was taken not to select any of the same satellites for inclusion in two
different regional simulations and the regional splits were made along low traffic areas to
minimize error.

The capacity ssimulation for the LEO system was performed over the expected system
lifetime from 2000 to 2010. The achievable capacity results for that period are shown
graphically in Figure 3.20. Note that the graph has alogarithmic y-axis.
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Figure 3.20: LEO Achievable Capacity Profile

The nearly uniform coverage of the LEO constellation results in a minimal difference in
achievable capacity for the two market distributions for any of the market growth models. The
coverage pattern allows access to al of the market, regardless of its location. None of the
capacity profiles show the characteristic plateaus observed at system saturation. The link
capacity of the LEO constellation is greater than the global market can support.

As shown, the last mile model gives the largest achievable capacity until 2005. After 2005,
the exponential model has the largest achievable capacity. The third order growth models have a
much lower achievable capacity than the other two, being nearly two orders of magnitude smaller
by the year 2010. Comparing Figure 3.20 to the total market bits for the three growth models
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shown in Figure 2.13 provides some insight into the results shown. The shape and magnitude of
the profiles in the two figures are nearly identical. The LEO constellation accesses all of the
achievable market around the world. Thus, for the projected market models, the system is
overdesigned.

Throughout the system lifetime, only the spot beams over the large industrial regions in
northern Europe, North America, and Asia saturate. Over the rest of the world, the system has
capacity to spare. A system that is overdesigned for the broadband market has the additional
ability of capturing portions of the telephony market in the developing regions of the world. The
accessibility of the telephony market in those regions and the implications of its inclusion are
further explored in Chapter 6.

3.55 GEO(9) Smulations
The GEO (9) constellation consists of nine geostationary satellites in five orbital positions.

The service regions for the satellites are the Americas, Europe/Africa, Asia/Australasia, Atlantic,
and Oceania. The sample input file in Appendix A4 summarizes the input parameters used for
the ssimulation of this system. The GEO(9) system uses a ubiquitous beam placement strategy
similar to that shown in the LEO system. Each satellite has 192 spot beams which were spread
across the coverage regions. The years of the smulation ran from 2000 to 2010. The
deployment strategy assumed for the constellation is as follows:

» 2000 - USA 1 and Europe 1

* 2001 - Asia 1, Atlantic 1, and Oceania

* 2002 - USA 2, Europe 2, and Asia2

» 2003 - Atlantic 2

The achievable system capacity assuming this deployment strategy is shown in Figure 3.21.

Unlike the GEO(8) constellation, GEO(9) shows marked differences in the capacity attainable for
the different market distributions. The difference between the achievable capacity for the GDP
and GDP per capita distributions is due to the beam patterns that were employed for the GEO(9)
simulation. Rather than concentrating the beams on the most heavily populated and
industrialized areas, the beams were spread evenly over the land masses. This gives a coverage
region similar in scope to that of the LEO system, athough the capacity of the entire
constellation is not as high. In the GDP per capita market models where traffic is more
concentrated in specific regions, this beam placement strategy causes the beams over the
industrialized areas to quickly saturate while those in the lesser developed regions are under-
utilized.
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Figure 3.21: GEO(9) Achievable Capacity Profile

Unlike GEO(3) which showed achievable capacity plateaus between satellite launches,
each of the market models results in a relatively smooth performance curve for GEO(9). Thisis
a direct result of the early deployment of the constellation and of the widely distributed spot
beams. Since a majority of GEO(9)’s spot beams are under-utilized, especially during the early
years of the system’s lifetime, the capacity curves follow the market maturation. In the
exponential models, the system reaches saturation in the year 2010. The last mile and third order
market growth models never reach saturation due to the more concentrated nature of the traffic in
those models.

Despite its drawbacks, such a beam placement strategy puts GEO(9) into an excellent
position to compete in areas where there is not a large terrestrial infrastructure and also includes
the possibility of capturing the telephony market in under-developed regions. The possibility of
capturing market in under-developed and developing regions puts GEO(9) in true direct
competition with the LEO constellation.

3.5.6 GEO(12) Simulations

The GEO(12) system consists of twelve geostationary satellites in seven different orbital
locations. For the purposes of the simulation, the first launch was set to occur in 2000 with full
operating capability by 2002. The input parameters used in the simulation are summarized in the
sample input file shown in Appendix A5. The input file includes the beam patterns for the
constellation which are displayed graphically in Figures 3.22 to 3.28. The coverage regions tend
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to concentrate capacity in the larger developed regions of the world. These are the coverage
regions that are used to cal cul ate the achievable capacity.
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Figure 3.23: GEO(12) Satellite 2 Beam Pattern
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Figure3.24: GEO(12) Satellites 3 and 9 Beam Pattern
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Figure 3.25: GEO(12) Satellite 4 and 10 Beam Pattern
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Figure3.27: GEO(12) Satellites 7 and 11 Beam Pattern
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Figure3.28: GEO(12) Satellite 12 Beam Pattern
The system was simulated for the different market scenarios over its lifetime. The years of
the simulation ran from 2000 to 2010. The assumed deployment strategy is shown below:

» 2000 - USA 1, North America, Europe 1, and Asia/Australia 1
» 2001 - USA 2, Caribbean/South America, Africal, and Asiag/indial
» 2002 - Europe 2, Asig/Australia 2, Africa 2, and Asigindia 2

The achievable capacity for this twelve satellite constellation is shown in Figure 3.29. Like
the GEO(8) and GEO(3) constellations, GEO(12)'s beam patterns are highly concentrated in
developed areas with large populations. Of note is that GEO(12) has a nearly identical total
system capacity to that of GEO(9), yet due to the difference in beam patterns, there is far less of a
difference in achievable capacity between market distributions during the early years. Initially,
the majority of market growth is seen in the developed regions where GEO(12) concentrates its
spot beams. However as lesser developed regions begin to grow more rapidly around 2005, the
difference in achievable capacity for the GDP and GDP per capita market distributions becomes
larger for the GEO(12) constellation but smaller for GEO(9). This is a direct result of the more
universal coverage of GEO(9)'s spot beams. Since the beam patterns for GEO(12) concentrate
capacity on areas that are the higher traffic regions, the result is a higher overall capacity than
GEO(9), but a greater dependence on market distribution.
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Figure 3.29: GEO(12) Achievable Capacity Profile
As seen with the achievable capacity results for the GEO(9) system, GEO(12) saturates in
the exponential market in the year 2010. Though its yearly capacities in all models are larger
than GEO(9)’'s and the beam pattern allows for fewer under-utilized spot beams, GEO(12) is still
over-designed for the market that it can reach and the remaining market curves contain no

plateaus and simply track market growth.

3.6 Summary

The simulations performed in this chapter show some of the effects of design choices on
the achievable capacity of a system. Systems that concentrate coverage on the industrialized
regions of the world have far fewer under-utilized resources than those that attempt to provide
larger coverage regions. However, larger systems that concentrate solely on industrialized areas
are more sensitive to market distributions than those that provide truly global coverage. While
the achievable capacity results provide insight into the technical viability of the systems, the
economic viability is also dependent on the effects that design decisions have had on the cost of
the system.



Chapter 4. System Costs

4.1 Introduction
Estimating the cost of the system is critical to the calculation of the cost per T1 minute.

For the proposed systems, cost estimates are included in the FCC filings. Close examination
shows that each system includes a dlightly different list of costs in its estimate. Some include
costs such as marketing and even inflation, while others just give the cost of the satellites
themselves. To provide a comparison, the costs for the modeled systems are estimated and
compared to the claimed costs for actual systems listed in the respective FCC filings. The total
cost of the system (C,) includes recurring (R) and non-recurring (NR) estimates for satellite
design and construction, launch, insurance, gateways, gateway and control center operations, and
terrestrial Internet connections. These are given by

Cr = NRyaiire + Raaiite T Raunen T Rinsrance + NReway + Rystenay T Roperations T NRiternet T Rinternet (€N
All satellites are assumed to have a lifetime through the year 2010, giving a satellite lifetime of
ten years for the GEO systems and seven years for the LEO model.

4.2 Claimed Cost Summary

The FCC requires each proposal to prove financial viability. In order to do this, each of the
systems provides a listing of anticipated costs and revenues. A summary of the claimed costs
can be found in Table 4.1. VoiceSpan’s costs are not included here. Due to their request for
confidential treatment from the FCC, the costs are not part of the public filing. The table lists the
claimed cost for the design, development and manufacture of the satellites as satellite cost. The
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life cycle cost includes the satellite cost plus ground stations, operations and personnel, launch,
and insurance costs. In the case of Spaceway, the costs also include marketing and nominal
annua inflation. Astrolink includes the cost of launching the satellites along with the
development costs and Teledesic’'s estimates account for their plan to mass manufacture
satellites. Since the methods used to estimate costs, and even the costs included in the estimates,
are very different, a direct comparison of the costs listed in the FCC filings is not necessarily
insightful.

Table4.1: FCC Claimed Costs

System Satellite Cost (FY 96 $B) Life Cycle Cost (FY 96 $B)
Astrolink 3.8 9.1
CyberStar 45 10.1
Spaceway 2.6 10.7
Teledesic 6.3 17.8

CyberStar and Teledesic also included a calendarized expense schedule for the design and
development of their satellites. From the schedule shown in Figure 4.1, CyberStar and Teledesic

incur 50% and 66% respectively of their total costs by the mid point of the development cycle.
350

300

E Cyberstar
H Teledesic

250

200

150

Expenditure (FY 96 $M)

100

50

Years Before Final Operating Condition

Figure4.1: Claimed Development Expense Schedule
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The claimed costs and schedules are used as a comparison to the cost estimates devel oped
in this chapter which include the operational life cycle costs.

4.3 Cost Estimation Tools
Severa cost estimation techniques are common throughout the cost model. The model
works in constant fiscal year 1996 dollars (FY 96 $), thus al costs are adjusted using the Office
of the Secretary of Defense estimates [Larson, p. 721]. Cost estimates in constant year dollars
are useful for comparing aternatives and simplify computations since interest is assumed to be
zero for the period of the estimates.
Also important to the cost model is the spreading of costs over the development period. As
seen in Figure 4.1, the systems estimate spending of about 50% of the total by mid life of the
development. Thus for the cost model, a 50% development cycle is assumed for all systems. To
spread the cost over time, a spreading method that approximates the experience of actual
programs was developed by Wynholds and Skratt [1977]. For a 50% expenditure at
development midpoint, the function becomes
F(T) =[10+ T(6T - 15)|T° 2
where F(T) is the fraction of cost consumed in time, T, and T is the fraction of the total time
elapsed [Larson, p. 733].
The final technique employed is the use of a learning curve for development. A learning
curve describes the relationship between a firm’s cumulative output and the amount of inputs
needed to produce a unit of output [Pindyck, p. 224]. It accounts for productivity improvements
as a larger number of units are produced. The total production cogt$oiON units is given by
Chog = TFU XL 3)
where
L=N°®

In((100%) / )

In2
TFU is the theoretical first unit cost, L is the learning curve factor, and S is the learning curve
slope in percent. The learning curve slope, S, represents the percentage reduction in total cost
when the number of production units is doubled. In the cost model, the slopes assumed were
95% for less than 10 units, 90% for between 10 and 50 units, and 85% for over 50 units [Larson,
p. 735]. A large LEO system would likely try to achieve mass manufacture of its satellites to
take advantage of the reduction in cost from the learning curve, so an even lower slope than 85%
Is expected, however, the standard 85% is employed. The GEO (3) model, on the other hand,
includes the manufacture of only four satellites (three operational, one spare) which would likely
be crafted more individually.
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All satellites are expected to have an operational lifetime of 10 years. This is a common
lifetime for GEO satellites, but usually not for LEO satellites. Teledesic clams a 10 year
lifespan in its filing with the FCC, so a 10 year life span is assumed for the LEO satellites as
well.

Costs for the satellite system are broken down into recurring and non-recurring costs. Non-
recurring costs are associated with design, development, manufacture, and testing of the
qualification model. Recurring costs include all manufacturing, integration with the launch
vehicle, and the launch cost.

4.4  Space Segment
To estimate the cost of the satellites, a dry mass model of 77 thousand dollars per kilogram
of spacecraft dry mass for the recurring costs is assumed. The cost per kilogram of dry mass is
based on industry experience from communications satellites [Lovell, 1995]. A non-recurring
cost of seven times the first unit is assumed for the LEO system because the system is based on
new satellite designs. Mass manufacturing techniques, if employed, also require a larger initia
investment. Non-recurring costs for the GEO systems is assumed to be three times the first unit
cost since they are similar to previous satellite designs and will employ traditional satellite
manufacturing methods.
TFU = $77,000 x DryMass
NR,., = 3TFU (4)
NR o, = 7TFU
Table 4.2 shows a comparison between the recurring and non-recurring cost estimates of
satellite development and manufacture obtained from the $77K model. Comparison between the
cost estimates in the FCC filings shown in Table 4.1 and the cost estimates from the $77K model
shown in Table 4.2 shows that the model gives a fairly reasonable estimate for satellite
development and manufacturing costs.
Table4.2: Satellite Costs (FY 96 B$)

System 77K
GEO(12) 27
GEO(9) 18
GEO(3) 96
GEO(8) 13

LEO 10.7

Along with the cost of the satellite construction, there is the cost of launching the satellites
to their respective orbits. A cost per kg of wet mass to an orbit was calculated to use as an
estimate in the cost model. Cost per kg to geosynchronous orbit is approximately $30,530 (FY
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96 $). The cost per kg to low earth orbit for a near polar inclination is approximately $15,480
[Isakowitz]. To obtain atotal launch cost, the wet mass of each satellite was multiplied by its
respective cost per kg to orbit.

Insurance is asignificant portion of launch costs. The insurance on a launch was cal cul ated
using a 20% rate on the sum of the recurring satellite and launch cost. This would cover
replacement costs for the satellites and the launch vehicle in the event of alaunch failure.

Clns = OZ(&ateHite + Raunch) (5)

45 Ground Segment

The ground segment costs include the costs of gateways to communicate to the satellites,
the terrestrial Internet connection hardware and services, a control center to control the satellites,
and personnel to operate them.

For the model, two communications gateways per region of coverage were assumed. It is
assumed that each gateway was capable of communication with the terrestrial network and
telemetry, tracking, and control (TT&C). Each gateway requires two Ka-band stationary
antennas. Even in the case of Teledesic, the ground antennas will not be tracking the satellite
since the satellite tracks specific areas on the ground [Kohn]. The estimated cost for a gateway
with antennas and related hardware is $15M (FY 96 $) [Groenaas]. The learning curve described
in Section 4.3 is applied to the production of the gateways. A non-recurring factor of five times
the cost of the first ground station is assumed [Lovell].

Operations costs are estimated by assuming four, five person shifts for each gateway site
and four, twelve person shifts for the control center. The estimated cost to support one person is
$150,000 per year [Yamron].

To determine the number of OC-3 (155 Mbps) circuits necessary per satellite, it was
assumed that all the bits uplinked by the satellite would have to be downlinked to the same
region. This would be the case if the satellite system had no intersatellite links to transport
traffic. The number of OC-3 circuitsis allowed to increase as the number of bits uplinked by the
satellite increases with the growth of the market, thus the total cost of hardware to connect to the
terrestrial Internet varies from year to year. The current cost of an OC-3 connection involves
both an installation charge, the cost of the hardware, and a recurring cost for maintenance of the
connection and agreements required to transport Internet traffic. The installation cost of an OC-3
circuit is estimated at $8500 and the recurring cost at $94,800 per year, al in fiscal year 1996
dollars [Quintana].

The cost of control centers was not estimated due to the large number of options available.
Some systems will need to construct new control centers, while others will be in a position to
simply modify existing control centers.
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4.6 Summary

A cost model of $77K per kilogram of satellite dry mass was used to obtain estimates for
satellite development and manufacture. The satellite cost estimates appear reasonable when
compared to the projected costs of similar systems given in FCC filings. The $77K satellite cost
model was combined with cost models for launch and the ground segment to obtain a projected
yearly expenditure breakdown of cost. This yearly breakdown of estimated cost is used to
calculate the cost per T1 minute.
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Chapter 5: Cost per T1 Minute

5.1 Introduction

The concept of functional metrics to compare systems that are technologically different has
existed for quite some time. The difficulty of developing a functional metric lies in choosing the
appropriate performance criteria for evaluation. For example, with automobiles the performance
criteria that consumers use range from vehicle handling to personal comfort and safety, yet the
primary purpose of an automobile is transportation. The primary recurring cost of the
automobile to the consumer is fuel. Thus, for an automobile, a reasonable comparative metric is
number of milestravelled per gallon of fuel consumed.

Applying similar scrutiny to the broadband satellite systems reveals that their primary
purpose is information transfer. From a business perspective, the appropriate functional metric is
the cost to provide information transfer. Incorporating the Internet as a model |eads to the use of
amonthly cost based on a specific data rate. Since the broadband satellite systems have varying
connection rates and capacity differences, a cost per minute based on a specific data rate can
provide an equitable comparison. A cost per minute rather than a cost per month eliminates the
complexity of estimating “typical” monthly usage. The broadband systems being proposed and
modeled are marketed as high speed data connections ideal for multimedia communication, thus
a T1 (1.544 Mbps) data rate was selected as the rate for comparative analysis. T1 connections
are considered well suited to high traffic systems, company-wide systems, WANs, and Web
Server applications, representing the wave of the future for Internet communications [SelectNet].
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5.2 Internal Rate of Return

The internal rate of return of a project is a measure of profitability that takes into account
the variation in value of money with time. For a project with the time span and risks similar to
those associated with the broadband communications systems, a potential investor would
typically require a 30% rate of return [Y amron)].

Associated with the internal rate of return is the concept of time value of money. A dollar
today is worth more than a dollar a year from now, since investing that dollar today would earn
interest. In order to account for the depreciation, a discount rate, i, is applied to convert all future
moneys to constant year dollars, in this case, fiscal year 1996 dollars (FY 96 $). Thus the present

discounted value of an amount, F, that isreceived N periodsin the futureis
F

garrnL 0
For example, $1000 received five years from now at a yearly discount rate of 10% would only be
worth $620. Reversing the calculation, if $620 were invested today at an interest rate of 10%
and compounded annually, it would be worth $1000 five years from now.

The present worth of a series of investmentsis given by

o F
" ,Z (1+i)’ g

The notion of net present value (NPV) comes from Equation (2). Net present value is
defined as the net discounted benefits less the net discounted costs. For a project to be
considered worthwhile, the net present value of benefits must be greater than the net present
value of costs. Thisis given mathematically by

_o(Bi-¢)
NPV =53+ >0 (3)
= (1+ i)J
where B, is the benefit at the end of period j, and C, isthe cost at the end of period j.

The internal rate of return, i', is the discount rate for which the net present value equals
zero, or net costs are equal to net benefits [Steiner, p. 153]. In the case of the broadband
communications systems, the desired i is ?(>O%, S0 I?quati on (3) becomes

0 \B —C

2y “

=1
The benefits for each year, given in Equation 5, are the costs to the user to maintain a T1
link for one minute, C_,, times the number of T1 connections available, N,,. The user cost per T1
minute includes system costs as described in Chapter 4 and a 30% internal rate of return, but
does not include items such as sales and advertising costs.

B, = CTl(NTl)j ®)

72



Substituting Equation (5) into (4) and solving for C_, gives

(6)

which is essentially the net present value of the system costs divided by the equivalent of the net
present value of the number of T1 links available.

53 ZeroOrder Comparison
As atest of the viability of the cost and capacity models, an estimate of the cost per T1
minute was obtained using the stated satellite capacities and costs from the FCC filings for the
five proposed systems that were used as models in the ssimulation. These capacities are shown in
Table5.1.
Table5.1: Satellite Capacities

System Satellite Capacity (Gbps)
Astrolink 1.7
CyberStar 4.9
Spaceway 4.6
Teledesic 13.3
Teledesic (2 million connections) 0.13
VoiceSpan 59

Two different capacities were employed for Teledesic since the FCC filings gave both a
satellite capacity and a number of connections that the system could support. The stated system
capacity for Teledesic was multiplied by a factor of 0.3 to account for only 30% of the capacity
being usable at any given time since the rest is over ocean. The two different capacities given in
the Teledesic filing account for the two different costs shown in Figure 5.1.
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Figure5.1: ZeroOrder Cost Per T1 Minute

The yearly breakdown of costs from the FCC filings includes the cost of the spacecraft,
respective launch, insurance, and associated ground equipment and pre-operating expenses. For
Spaceway the costs of marketing and nominal annual inflation are also included. The Teledesic
system only includes the first year of operations’ costs in the FCC filing, so it was assumed that
the operations’ costs for later years were identical to those of the first year. According to the
CyberStar and Astrolink filings, the costs given are those for the development, maintenance, and
deployment of the satellite system and associated ground segment.

This basic estimate for cost per T1 minute does not account for market development or
distribution and all systems are expected to be operating at full capacity throughout their lifetime.
After market and capacity limitations are accounted for and the dry mass model is incorporated,
the cost per T1 minute of the systems is expected to fluctuate around this zero order. It is
anticipated that the two Teledesic estimates represent upper and lower bounds for the cost per T1
minute.

A more detailed discussion of terrestrial competition can be found in Section 6.5, however,
as a baseline for comparison, consider current connection technology for the home user. By far,
the most common method of connection to the Internet for the home user is dialing in to an
Internet service provider via a modem. Current costs for Internet service is about $20 a month
for unlimited connect time, which the provider estimates at 400 hours of connect time. The
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average user connects at a speed of 14.4 kbps or 28.8 kbps [Lonn]. Considering the $20 charge
to be at a speed of 28.8 kbps leads to a cost per T1 minute of 4.5 cents. This cost is misleading
as adirect comparison, since home users cannot obtain T1 level service through a modem and an
Internet service provider.

For dedicated T1 class service, a user must install a fiber optic line to the home. The
installation of the fiber optic connection costs $2000 per household for a high quality voice line
and up to $6000 per household for a data line. Though these costs are expected to drop as
installation of fiber optic cabling becomes more common, due to the skilled techniques required
to install such cabling, the cost is not expected to drop below $2000. The current cost per month
for T1 level service ranges from $500 to $1000 [Kraushaar, 1995].

Satellite broadband communications systems fall between these two extremes. They
encompass the capability of the fiber optic connection at a cost on the order of current dial-in
Internet service. Cable modems are also attempting to tap into this segment of the market.
However, the information transfer associated with cable is highly asymmetric. The architecture
Is designed to convey high speed data to the user, but does not have the ability to receive high
speed data back on the same line. Before launching into a detailed comparison with terrestrial
technologies, the five model systems are explored to assess their competitiveness with one
another.

54 DryMassMode Cost Per T1 Minute

Cost per T1 minute estimates for the modeled systems were obtained using the satellite dry
mass cost model of $77K (FY 96 $) discussed in Chapter 4. The capacity code discussed in
detail in Chapter 3 was run for the full deployment of all systems, shown in Figure 5.2.

System

1997 1998 1999 , 2000 2001 2002 , 2003 2004
GEO (12) * +
GEO (9) * K
GEO (8) A o .\
GEO (3) Y h
LEO * *

Figure5.2: Nominal Deployment Schedule

541 100% Market Availability

The systems were each given access to 100% of the available market on the ground, thus
the results shown in Figure 5.3 assume that only one system exists at any given time. As shown,
for al of the market models except the third order growth model, the cost per T1 minute is
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similar. In the third order model, the cost per T1 minute is significantly larger since there is not
enough market available to allow the systems to reach saturation. The systems are over designed
for the available market and thus the total system cost must be amortized over a smaller number
of bits, resulting in the higher cost per T1 minute. Since the third order market model is a low
estimate of Internet growth as discussed in Section 2.2.3, it will be neglected in favor of closer
examination of the remaining market models.
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Figure5.3: Cost Per T1 Minute, All Markets, 100% Market Availability

Closer examination of the remaining market models, shown in Figure 5.4, reveals that there
is very little difference in the cost per T1 minute among the systems. There is aso only a
marginal difference caused by the distribution of the market by GDP or by GDP per capita. In
the last mile model, the LEO system is still over designed for the market that is available,
resulting in a higher cost per T1 minute. The metric thus alows a baseline comparison of
different systems designed to provide a similar service and also a preliminary determination of
the type of market growth that is necessary for a system to be viable. Also of note is that the
LEO model is competitive under the standard satellite cost assumptions as discussed in Section
4.4 in well developed market scenarios. If alarge LEO system is able to take advantage of mass
manufacturing techniques and economies of scale, the cost of the constellation will decrease
significantly with a corresponding decrease in the cost per T1 minute.
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Figure5.4: Cost Per T1 Minute, 100% Market Capture

542 30% Market Availability

To simulate the scenario of three systems competing equally for customers, each system
was allowed to access only 30% of the available market. The reduction in market accessibility
was achieved by taking the global number of bits per year obtained by the market projections

shown in Figure 2.13 and reducing them by 70% before globally distributing the market. The
cost per T1 minute results for this scenario are shown in Figure 5.5.
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Figure5.5: Cost Per T1 Minute, 30% Market Availability
As expected, the LEO model’s cost per T1 minute increases dramatically in the last mile
market. The system was overdesigned for 100% market capture in that market, thus the decrease
in market availability only exacerbates that condition.

5.4.3 Competitive Market

While allowing the systems to have access to only 30% of the total market is illustrative in
showing sensitivity to market capture, it does not represent a true competitive environment.
Restricting each system to 30% of the market gives smaller systems an advantage since the larger
systems are not able to access the market remaining when a smaller system reaches saturation. In
reality, the systems will be competing with one another for customers. Smaller systems such as
GEO(3) will reach a capacity limit even when only being allowed 30% of the market. Any
market remaining will be available to the other systems and contribute to a larger customer base
and thus a decrease in cost per T1 minute. For example, examining this situation for the last mile
per capita market for GEO(8), GEO(3), and the LEO system for the years in which the LEO
system would be operational, yields the results shown in Table 5.2.
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Table5.2: Market Availability
Year GEO (3) Capture GEO (8) Capture AvailabletoLEO

2002 11.31% 17.86% 70.83%
2003 10.86% 16.02% 73.12%
2004 8.68% 14.02% 77.30%
2005 6.90% 12.11% 81.12%
2006 5.23% 10.24% 84.53%
2007 4.12% 8.64% 87.24%
2008 3.27% 1.17% 89.57%
2009 2.61% 5.89% 91.50%
2010 2.14% 4.87% 92.99%

As shown in the table, even in the market in which the LEO system’s cost per T1 minute
sees its largest increase, the actual market that will be available to the system is greater than
60%. GEO(8) and GEO(3) are able to capture less than the 30% of the market allocated to them
due to the location of their spot beams. Due to a combination of the market distribution and spot
beam locations, there are portions of the world market that the GEO(3) and GEO(8) systems
cannot access. The LEO system, with complete global coverage, has the technological capability
of capturing the left over market regardless of where globally that market is distributed. This
will significantly decrease its cost per T1 minute. Figure 5.6 shows the cost per T1 minute
obtained when the LEO system is given access to 60% of the market and GEO(3) and GEO(8)
are held to 30%.
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Figure5.6: Cost Per T1Minute, LEO 60% Market Availability
Since the LEO system’s capacity is large, increasing the amount of market it has access to
results in a direct reduction of the cost per T1 minute. As shown in Figure 5.6, the cost per T1
minute drops significantly if the LEO system is allowed access to the majority of the market
remaining after the GEO(8) and GEO(3) constellations reach saturation. The LEO system is the
only one with complete global coverage, thus a combination of any other two systems with it will
lead to similar reductions in its cost per T1 minute.

54.4 Market Capture

For GEO(8), GEO(3), GEO(9), and GEO(12), changes in market capture have a minimal
effect on the cost per T1 minute. Being the first system to market is therefore not critical to their
success. Since the LEO system is affected by market capture and, due to longer development
time, will likely begin operation later than the other systems, the ability to successfully market
services and capture a significantly larger market share than the other systems would appear to be
critical to its success. However, as shown, the other four systems can not support enough of the
market to have a significant effect on the LEO system’s cost per T1 minute. Thus any
combination of two systems have the ability to co-exist comfortably with a large LEO system in
the studied market scenarios.
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Figure 5.7 is a more detailed examination of the effects of market capture on the GEO(8)
constellation. The scenarios depicted are 100%, 50%, and 30% market capture.
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Figure5.7: Effect of Market Capture on GEO(8)

In the larger market scenarios where the GEO(8) system approaches saturation, the
difference in the cost per T1 minute for different levels of market capture is reasonably small. In
regions where the system has underutilized resources due to smaller market capture, the cost per
T1 minute could be decreased by focusing these resources on providing basic telephony service.
This option is further explored in Chapter 6.

54.5 Uncertainties

Any large LEO system would be pushing the frontiers of current aerospace technology.
The modeled system faces several technology hurdles along with a potentially difficult
deployment schedule. In order to simulate the response of such a system to deviations from its
configuration and timeline, several changes were made to the cost model. To simulate the
inability to overcome a technology hurdle, the mass of each satellite was increased by 25%. For
simulation of an inability to meet the launch schedule, another cost model was developed that
allowed three years for deployment of the constellation, moving the date of final operating
capability from the year 2002 to 2003. The results of these adjustments are shown in Figure 5.8.
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Figure5.8: Variationson the LEO Constellation

The increase in mass in the LEO constellation translates directly into an increase in the cost
per T1 minute. Theincreaseis not very large and could potentially be recovered from a decrease
in cost due to mass manufacture of the system’s 900 satellites.

Allowing the LEO system to launch its satellites over a three year period and slip its final
operating capability date by a year results in a decrease in the cost per T1 minute. This slip
allows the system to take advantage of the decrease in net present value of the money spent and
to wait for the market to further develop to a point where the system is not as over designed for
the existing market. Again, the analysis shows that a large LEO system has the potential to be
competitive under standard cost models even under adverse circumstances.

55 Summary

Figure 5.9 shows a summary of all of the systems examined across the more likely last mile
and exponential market scenarios. From this figure, it can be seen that systems that are designed
to focus on the heaviest market regions have the least variation in cost per T1 minute across
markets. Thus a carefully designed deployment strategy can have a significant effect on a
system’s adaptability to variations in the market.
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Figure5.9: Cost Per T1 Minute Summary
Under a cost per T1 minute metric, al of the systems studied have the ability to be
competitive. A large LEO system, even when examined under standard industry cost models, is
competitive in the studied market scenarios. As shown, any two systems in combination with
even a LEO system have the potential to co-exist and still obtain a 30% internal rate of return
while achieving similar costs per T1 minute.
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Chapter 6: Corporate Strategies and Competition

6.1 Introduction

Many different implementation strategies are available for the broadband satellite systems.
Aspects of these strategies range from beam placement and satellite deployment timelines to
operating agreements with telecommunications companies and Internet service providers. This
chapter will attempt to explore and quantify some of the various strategies available to the
broadband systems.

6.2 Deployment Strategies

6.2.1 Delayed Deployment

Asdiscussed in Section 5.4.5, delaying the deployment of the LEO system by ayear causes
a large portion of the costs to be delayed as well. Examining a smaller constellation such as
GEO(8) allows the effect of net present value on the cost per T1 minute across markets to be
observed. Since even an eight satellite constellation has a large number of possibilities for
deployment, a few restrictions are placed on the deployment schedule for this example. Global
operating capability is assumed to occur by the year 2000. The final satellites are assumed to be
launched and become operational by 2003. These restrictions allow the deployment schedule of
six of the satellites to be fixed and two to vary as shown in Table 6.1.
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Table6.1: GEO(8), Delayed Deployments

Y ear
Strategy 1998 1999 2000 2001 2002 2003
Nominal USA 1/Eur 1 SAmer L/Asial SAmer 2/Asia2
USA 2/Eur 2
USA VEur1 SAmer JAsial USA 2/Asia2 S Amer 2/Eur 2
USA VEur1 SAmer VAsial USA 2/Asia?2 S Amer 2/Eur 2
USA VEur1 SAmer VAsial USA 2/Asia2 SAmer 2/Eur 2

For this example, it is assumed that those two satellites will be launched in the same year
and that year is allowed to vary. The nominal deployment strategy corresponds to the eight
satellite constellation deployment utilized in the original model. When the deployment schedules
are used to calculate the cost per T1 minute, Figure 6.1 results.
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Figure 6.1: Variationsin Time of Launch, All Markets, GEO(8)

From Figure 6.1, it appears that delaying the launch of the two satellites has very little
effect in markets where the satellite system has reached capacity saturation. However, in under
developed markets such as the third order scenario, the decrease in cost due to the drop in net
present value obtained by delaying the launch of the satellites has a significant effect on the cost
per T1 minute. Figure 6.2 provides a closer examination of the cost per T1 minute differences
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between the strategies in the third order market. Thus if the Internet market does not develop as
rapidly as expected, delaying the launch of additional satellites is beneficial. Since delayed
launch does not have a significant effect on markets that develop more rapidly and GEO(8) is not
significantly effected by market capture, delaying the launch of additional satellites until the
market has had a chance to mature is an option to be considered.
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Figure 6.2: Variationin Time of Launch, 3rd Order Market, GEO(8)

6.2.2 Improved Deployment Strategies

Aswasillustrated by the last section, deployment strategy can have a marked effect on the
cost per T1 minute. The efficiency of utilization of system resources plays a large role in the
cost per T1 minute. If resources are used to saturation, the cost can be amortized over a larger
number of bits, thus decreasing the cost per T1 minute. Conversely, if resources are under
utilized early in the system lifetime, costs become more difficult to recover due to net present
value of investment. Thus expenditure should be made at a time when it can bring significant
returns. Ideally, satellites should be deployed to mirror market growth and use resources to their
full potential. Doing so results in much lower risk and predictable returns on investment. Since
there is no clear market capture advantage as discussed in Section 5.4.4, there is no advantage to
launching satellites that will not be used for several years. It isin the best interest of the investor
to delay the launch of aregional satellite until the market to be serviced has matured.

87



The nominal deployment strategy for the GEO(8) system assumes an eight satellite
constellation. Aswas seen in the previous section, delaying the launch of the satellites that serve
underdeveloped regions results in significant reductions in the cost per T1 minute. While thisis
a minimal strategy for tailoring the system to the desired market, another primary method is
simply to reduce the size of the constellation. This section employs the capacity results to adjust
the size of the constellation along with designing a launch time scale. These achievable
capacities are then used to calcul ate the resulting cost per T1 minute.

For GEO(8), the nominal deployment strategy places many of the satellite resources in
orbit long before the market on the ground exists to support them. The reduced system sizes
employed for the simulation and the timeline for satellite operation is shown in Table 6.2. To
simplify the analysis, the two, four, and six satellite constellations are simply truncated versions
of the full system deployment. The last mile market is used as the simulated market for this
analysis. The capacity simulation results for the truncated systems represent achievable capacity
in the event that corporate decisions are made to halt system development at various stages of the
deployment period. The seven satellite constellation is an example of a system that is truly
tailored to the last mile market.

Table6.2: Deployment Strategiesfor GEO(8)

F.O.C Year of Satellite Operation by Region
‘ N. America ‘ Europe | Asia ‘ S. America |
a2 a2 1 |2]1]| 2|
8 Satellite 2000 1999 1999 1999 2000 1999 2000 1999 2000
2 Satellite 1999 1999 - 1999 - - - - -
4 Satellite 1999 1999 - 1999 - 1999 - 1999 -
6 Satellite 2000 1999 1999 1999 2000 1999 - 1999 -

7 Satellite . 2003 1999 1999 1999 2003 2002 2002 2003 -

The achievable capacity results for the deployments are shown in Figure 6.3. Of interest in
this figure are the time at which system saturation occurs and the overall achievable capacity at
that time. The two satellite system with one satellite over North America and the other over
Europe reaches saturation quickly and thus represents a low risk investment. The total return on
investment is small due to the limited overall system capacity. The full eight satellite
deployment on the other hand has the potential of generating large amounts of revenue, however
the system does not reach saturation until late in its lifetime so these revenues are never
achieved. This suggests that a more tailored deployment strategy has the potential of obtaining a
better return on investment.
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Figure6.3: GEO(8) Capacity Profilesfor Deployment Strategiesfor theLast Mile Market

An attempt was made to design a strategy by examining the capacity profiles for each of
the eight satellites shown in Figure 6.4. The theoretical capacity for each of the GEO(8)
satellites is 4.6 Gbps. To design the seven satellite strategy, it is assumed that a satellite that
achieved at least a 2 Gbps capacity, or dightly less than half of the theoretical capacity, would be
deployed. The second South America satellite is not deployed since it does not achieve a 2 Gbps
capacity until more than halfway through the system lifetime. The selection of satellites in this
manner could be iterated until an optimum configuration is reached. The seven satellite
configuration discussed serves as an example of the methodology.
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Figure6.4: GEO(8) Satellite Capacity Profilesfor theLast Mile Market
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The capacity profile for the seven satellite configuration is illustrated in Figure 6.3. The
achievable capacity of the strategy compares favorably to the other deployment options over the
time period of the simulation.

 Until 2001, the system has a similar achievable capacity to the four satellite constellation,

but with the cost of only three satellites.

* In 2002, with only five operational satellites, the GEO(8) “7” configuration achieves a

capacity that is nearly equivalent to that of the six satellite constellation.

» After 2003, with only seven operational satellites, the system has nearly the capacity of

the full eight satellite constellation.

By matching the trends in market development, the seven satellite configuration provides
similar achievable capacities to the other deployment strategies with fewer satellites deployed.
This is a much more efficient use of system resources.

One of the true tests of the effects of truncated system deployment and tailoring of
deployment to match market growth is the cost per T1 minute. When the capacity results are
incorporated into a cost per T1 minute calculation, the results obtained are shown in Figure 6.5.
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Figure6.5: Variation in Number of Satellites, GEO (8)
As can be seen in Figure 6.5, the number of satellites deployed has a nominal effect in the
markets where the systems saturate. The largest difference in cost per T1 minute is again
observed in the under developed third order market. In this case, the lower costs are due to the
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variation in size of the systems. Fewer satellites than global capacity result in fewer TT&C
stations and consequently lower system costs. Smaller systems also have less capacity, resulting
in fewer circuits necessary to connect to the terrestrial Internet, again resulting in lower system
costs and a corresponding lower cost per T1 minute in the third order market. The two and four
satellite systems have a slightly larger cost per T1 minute than the other systems in devel oped
markets, as seen in Figure 6.5. Thus, if the system is already saturated, it is advantageous to
launch additional satellites over high traffic regions to amortize non-recurring costs over alarger
number of bits.

The seven satellite configuration, as discussed previously, shows some interesting
characteristics. In the third order market, the cost per T1 minute is lower than all systems except
for the two satellite configuration. In that market, the two satellite configuration has the
advantage of being nearer to saturation than the other configurations and the two satellites are
also positioned over the densest market areas so any increase in market capture from the addition
of satellites in the four and six satellite configuration only results in a nominal increase in
capacity since the additional satellites are over lower traffic regions. The seven satellite
configuration is designed to capture as much of the market as possible at the lowest overall
system cost. Since it focuses on obtaining capacity from the highest traffic regions, every
increase in cost also has a corresponding fairly large increase in overall system throughput. The
seven satellite constellation does not launch the satellite that captures the least amount of traffic,
thereby obtaining a nearly identical system throughput to the eight satellite constellation, but for
the cost of only seven satellites. In the more advanced markets, a lower cost per T1 minute
results. Thus a thorough analysis of the market and a satellite deployment strategy that focuses
on the heaviest traffic areas could be advantageous.

6.3 Meeting Market Uncertainties

While tailoring system deployment to the market as it develops is the ideal way to ensure
that resources are used to their full potential and that the system generates as large a return on
Investment as possible, it cannot be done to high degrees of accuracy. Uncertainty will always
exist in the market projections, since most business planners do not have the luxury of having a
market that is known in advance and will develop precisely as predicted. A primary way to cope
with this uncertainty is to use the additional capacity of the satellites to provide telephony
services to remote locations. A detailed discussion of the telephony market is beyond the scope
of thisthesis but severa points warrant some exploration.

From the market distribution graphs in Figures 2.10 and 2.11, the regions in which the
market is least developed include areas of South America, Africa, and the Middle East. For a
system to have truly global service, it needs to provide coverage in these regions for the
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multinational and larger national corporations that do exist in those areas. This results in unused
capacity over the less developed parts of those regions.

In order to supplement the Internet traffic in those regions, the systems have the ability to
offer basic telephony services that truly can reach the last mile. A satellite system does not
require the fiber optic or copper infrastructure on the ground, smply a small terminal, so service
can be provided quickly, circumventing the long wait times for the placement of terrestrial
infrastructure. Examining the data in Figure 6.6 shows that the regions in which the systems
have underused capacity are also those that have the fewest phones per 1000 people [CIA]. In
many of these regions, installing terrestrial infrastructure will take upwards of twenty years, so a
satellite system isideal to meet the latent demand for basic telephony services.

Europe

Middle East

Africa

Southeast Asia

North America

South America

Figure 6.6. Average Phone Lines per 1000 People by Region

The voice quality circuits that the systems plan to offer are at a data rate of 16 kbps
[LAHI]. Thus for every T1 link the system can support approximately 96 voice circuits. Using
the cost per T1 minute estimate obtained for modems of 4.5 cents from Section 5.3 as a
reasonable per minute cost for a phone call results in a T1 minute revenue of $4.32. Compared
to the average costs per T1 minute of around $0.21 obtained in Chapter 5, it can be seen that the
telephony market is an excellent way to supplement revenue or to allow the systems to offer a
lower flat rate service to Internet users. By offering telephony service, a system can offset some
of the uncertainty that is inherent in any market model and greatly increase chances of the
financial success of the program.
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6.4 Latency

For telephony service, akey issueisthat of signal latency. Though studies have shown that
echo is one of the primary discriminators in voice systems, latency is aso cited as an important
issue [Gumbert]. The time delay of a LEO system is from 170 to 300 ms and from 400 to 600
ms for a GEO system [Kiesling]. In voice services, there is a noticeable difference to the user in
the delay associated with a LEO versus a GEO system. However, in areas of the world where
satellite based telephone service would be used to reach the last mile, there are few alternatives
available. According to FCC data shown in Table 6.3, many of these regions are dependent on
satellite links to support their long distance phone service.

Table6.3: Percentage L ong Distance Satellite Circuits by Region

Region Satellite Circuits Total Circuits Per centage
Africa 1992 2276 88%
Middle East 2421 3071 79%
South America 4036 7684 53%
Eastern Europe 1534 3272 47%
Caribbean 2771 9119 30%
Asia 5621 19690 29%
Oceania 1026 4817 21%
Western Europe 3496 35096 10%
North and Central America 3008 79333 4%
Antarctica & Maritime 0 60 0%

As seen in the table, underdeveloped and developing regions of the world are already
highly dependent on satellite systems to provide for their telecommunications needs. For these
regions, latency is not as much of an issue because having phone service that goes through a
satellite with some delay is better than not having any phone service at al. While the market for
phone service in these regions may not be as high as in the developed world, they are easier for
satellite systems to acquire due to much higher penetration rates than in the developed world.
The latency argument from the perspective of phone service does not apply in developed regions,
since the primary market in those regions is broadband and there is very little unused capacity.

In the developed world, latency is an issue depending on the type of broadband service
being provided. For applications such as large file transfers, web browsing, and even e-mail and
telemedicine the additional latency seen in a GEO system is not an issue. These applications are
not time dependent down to millisecond levels. A user web browsing, for example, will only
notice that the page takes a half second longer to begin downloading. Once the data begins
transferring, the latency is no longer observable. Where latency becomes important is for truly
interactive broadband applications, such as videoconferencing, where the additional delay for a
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GEO system becomes noticeable. The latency difference for aLEO versus a GEO system will be
noticeable provided that the entire data path is via dedicated satellite or high speed lines. If the
packets are traversing the terrestrial Internet, the difference between LEO and GEO latencies will
be lost in the delays inherent in the routing of Internet packets over the terrestrial network.

6.5 Terrestrial Infrastructure

The terrestrial infrastructure that currently provides Internet service is a source of
competition for the broadband satellite systems. Terrestrial technologies employed in this area
range from copper wire to fiber optic cabling and wireless connections. Since terrestria
networks are primarily a source of competition in developed areas of the world such as North
America and Europe, the status of the technology in the United States is used as a comparative
example.

6.5.1 Copper

Internet connections provided over voice grade copper lines such as basic dial-up Internet
service are limited to the speeds of modem technologies and the transmission limits of the wire
itself. Currently, 33.6 kbps and 56 kbps modems are beginning to gain wider spread usage, but
as seen from the service provider listings in the July/August 1997 Boardwatch Internet Service
Provider Listings, very few service providers are supporting dial-up connections at that speed.
The predominant connection speed is 28.8 kbps at an average cost of $19.95 per month for
unlimited access [Rickard]. Since standard dial-up Internet connections via copper lines are not
capable of providing T1 level service, they are not a true competitor to the broadband systems.
ISDN, using both B-channels and operating at 128 kbps, is fast enough for applications such as
low quality real-time video. However the telephone companies have been very slow to market
thistechnology and it is till not fast enough for even VCR-quality video.

xDSL technologies are the only ones capable of providing T1 and faster connections over
existing twisted pair copper wire. The technology comes in severa different variants from
asymmetric digital subscriber lines (ADSL), which can provide bi-directional traffic at 384 kbps,
to very-high-bit-rate digital subscriber lines (VDSL), which is designed to reach 50 Mbps. The
basic premise of the technology is to create a dynamic mathematical model of the copper wire
transmission paths which alows the xDSL modem to actively compensate for distortion
introduced by the transmission path. Essentialy the copper wire capacity is divided into 255
bins with each one treated as an analog modem channel.

The drawbacks to this technology are that currently only limited trials have been conducted
in selected areas and there is no wide scale deployment. Due to the limitations of twisted pair
copper wire, the technology is limited to a distance of about 4000 meters from the telephone
plant. It is estimated that about 50% of all households in the United States lie within this
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distance [Internet Access]. Quality of the copper infrastructure is also an issue. If the telephone
companies are quicker to market and deploy xDSL technologies faster than they have been
deploying ISDN to date, these technologies could become a serious competitor to the broadband
satellite systems in developed areas. The need to build new telephone plants to accommodate all
subscribers due to the distance limitation casts some doubt on the widespread deployment of this
technology. Clearly however, xDSL is not a solution for the last mile and underdeveloped
regions which only have limited copper wire infrastructure.

6.5.2 Coaxial Cable

Cable modems are the cable industry’s response to the “cheaper, better, faster” call of
Internet users. The service is designed to provide about 30 Mbps to the neighborhood on the
downlink and a 256 kbps uplink. The slower uplink to the cable head-end is due to the physical
design of the cable pldnt Trials are underway in several different areas across the country,
including Alexandria, Virginia and Boston, Massachusetts. In these areas, the cost of service
ranges from $40 to $60 per month with a $100 installation charge [Ryu], [Hutchinson]. The
cable industry appears to be taking a cautious route to deploying the service, similar to the route
the telephone companies took with ISDN. The industry has taken a beating in recent years on
customer service issues and is approaching its new role as Internet service provider by attempting
to design the network so that problems are apparent before users begin calling in to report them
[Ryu]. While such a cautious approach is understandable, several factors necessitate getting to
market early.

Cable was originally designed as a broadcast medium to provide video to the home, the
only expected upstream traffic was billing information for pay per view services. The upstream
channels are therefore not capable of carrying large quantities of high speed data and are
typically noisy. Broadcast style Internet service is appropriate for the home user in the current
market where the majority of activity by the home user is Web browsing. Once users start
demanding symmetric connections for interactive multimedia or videoconferencing, the cable
industry will be forced to spend a lot of capital to upgrade the infrastructure or risk losing
subscribers to services such as xDSL or to the broadband satellite systems.

Another primary difficulty with the technology is bandwidth sharing. The 30 Mbps is truly
shared. The system provides 30 Mbps to the neighborhood and all subscribers in that
neighborhood must share the bandwidth. Thus in its current trial state with only a few users,
subscribers are seeing virtually unlimited bandwidth whenever they require it. However as more

% A detailed discussion of the cable plant and use of the facilities to provide Internet service can be found in,
Connecting Homes to the Internet: an Engineering Cost Model, MIT Master's Thesis (MBA), 1995, by Sharon
Gillett.
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users attempt to request large amounts of bandwidth simultaneously, performance will degrade.
Estimates as to how many subscribers can be supported before drops in capacity are noticeable
range from 25 to 100 [Internet Access]. Current cable infrastructure has about 300 subscribers
per neighborhood hub, which would have to be reduced to continue to provide quality service.

The infrastructure and bandwidth difficulties coupled with a lack of standardization of
cable modem hardware will make cable modems a good interim solution if the cable industry is
able to deploy the system in time. However, once there is a need for symmetric data rates, the
cable industry will require a costly upgrade in infrastructure to support it. The inability to
support symmetric high speed connections also makes cable modems a poor choice for corporate
intranets which require the ability to serve web pages and transfer large amounts of data that
require upstream bandwidth. Thus for the corporate intranet market and individua users
requiring symmetric high speed connections, cable modems are a poor competitor to the
broadband satellite systems.

6.5.3 Wireless Technologies

Wireless technologies come in a variety of forms. Some architectures are very similar to
cellular and only provide data rates of 28.8 kbps. Others are designed to provide high speed
access point to point within line of sight. A broadcast style connection is also available via
satellite.  While these technologies are similar to the broadband satellite systems in that they
require little terrestria infrastructure from the user perspective, they do not represent true
broadband competition for some of the same reasons that pertain to simple voice-grade copper
wire and cable modem technologies.

The point to point technologies include multichannel multipoint distribution services
(MMDS) and microwave point-to-point line-of sight. The MMDS service that is two way
provides a speed of 1.5 Mbps and is expected to cost on the order of $30 to $50 flat rate per
month for individual users and $450 per month for small businesses with 20 users on a LAN
[Blackwell]. The transmitters have arange of up to 35 miles, so this technology is not capable of
reaching the last mile. Deployment of this technology has been limited due to the FCC's failure
to grant two-way licenses to all but one provider.

Another wireless technology that is in use by ISPs for local loops to corporate customers is
point-to-point line-of-sight microwave operating at 38 GHz. Available bandwidth ranges from
1.5 Mbps to 45 Mbps. The microwave services have a range of five miles but do provide bi-
directional data transfer. The technology allows ISPs and corporate customers to bypass phone
company switches.

The service that is functionally a cross between cable modems and satellite based
broadband is the DirecPC system being marketed by Hughes Network Systems [Kirkpatrick].
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DirecPC broadcasts from the Hughes Galaxy satellite constellation that provides direct broadcast
television services. The system provides a 400 kbps downlink via a 21 inch roof-mounted
satellite dish. However this system is not bi-directional, it requires a standard modem and phone
line connection to provide the uplink path. The system plans to offer uplink capability by 1998,
but it will only be on the order of 2400 or 4800 bps. The best rate offered by the system is $130
per month for unlimited access. Since the system is satellite based, it does have the potential to
be global. However, until areturn path is available on the uplink the last mile in underdevel oped
regions of the world will not be able to use the system. DirecPC is also not a viable option for
intranet customers that require a higher speed uplink.

The wireless technologies thus have the ability to compete with the broadband systems in
areas of the developed world where two way access is available’. DirecPC and other one-way
broadcast style systems are a good interim solution until true interactive multimediais desired by
the consumer. In the area of intranets for multi-national corporations conducting video-
conferencing and high speed data transfer, the wireless systems are not in direct competition with
the broadband satellite systems.

6.5.4 Fiber

Fiber optic lines represent the true broadband competition to the proposed satellite systems
in the developed and developing regions of the world. Fiber optic technology is capable of
supporting bi-directional data transfer at upwards of 2 Gbps. It is this technology that lies at the
heart of today’s Internet backbone. In the United States, a large portion of the Internet backbone
was recently upgraded to OC-3 (155 Mbps) and plans for OC-12 (622 Mbps) backbone
connectivity are being explored. The proliferation of fiber optic cabling is slowed only by the
cost of buried cable and fiber interconnection equipment. The new TAT-12 and TAT-13
transatlantic cables doubled the capacity of the transatlantic cable system as can be seen in Table
6.4 [Lande, p. 25]. The table also lists cable capacity in T1 equivalent circuits. This is a slight
over estimate of the number of circuits available since it does not allow for redundancy and
restoration. The cost per T1 minute assumes that average activated circuits are used for 8 hours
per day for 365 days per year and that 50% of the circuits are not active. These assumptions are
consistent with the current utilization rates reported by the interexchange carriers shown in Table
6.5 for lit' fiber optic cable [Kraushaar, 1996]. Portions of the table that are marked “NA”
represent years for which data was not provided by the interexchange carriers.

° Currently, only one system is licensed to provide this service, CAl in Boston, MA.
“ Lit fiber is the number of fiber strand miles that are activated or equipped with optoelectronic equipment at
terminal and repeater sites and are capable of providing at least one voice-grade circuit.
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Table6.4: Transatlantic Cable System

T1Equiv. Costper T1 Cost per
System Year Technology Cost ($M) Circuits Equiv. Circuit T1 Minute

TAT-1 1956 Coax Cable $50 1.84 $26,889,888  $306.96
TAT-2 1959 Coax Cable $43 2.03 $21,023,214  $239.99
TAT-3 1963 Coax Cable $51 3.63 $13,951,143  $159.26
TAT-4 1965 Coax Cable $50 2.86 $17,621,739  $201.16

TAT-5 1970 Coax Cable $70 290.84 $2,358,889 $26.93
TAT-6 1976 Coax Cable  $197 165.80  $1,188,156 $13.56
TAT-7 1983 Coax Cable  $180 176.00  $1,022,727 $11.67
TAT-8 1988 Fiber Optic  $360 313.37  $1,148,810 $13.11
TAT-9 1992 Fiber Optic  $406 626.74 $647,801 $7.39
TAT-10 1992 Fiber Optic ~ $300 940.10 $319,114 $3.64
TAT-11 1993 Fiber Optic  $280 940.10 $297,840 $3.40
TAT-12 1996 Fiber Optic  $378 2506.94  $150,781 $1.72
TAT-13 1996 Fiber Optic  $378 2506.94  $150,781 $1.72

Table6.5: Percent Fiber MilesLit
Year 1990 1991 1992 1993 1994 1995
AT&T 49.6 44.6 495 509 496 47.3
Consolidated 534 534 534 578 537 NA
Frontier (RCI) 56.7 56.1 57.0 57.0 57.1 46.0
| XC Commun. 56.3 583 659 558 NA NA

LCI 60.6 60.1 60.1 60.1 688 711
LDDSWorldcom 90.0 90.0 900 NA NA 69.0
MCI 643 NA NA NA NA NA
MRC 650 NA NA NA NA NA
Sprint 539 551 551 NA 558 772
TCG NA NA 800 800 NA NA
Valley Net 50.7 40.0 40.0 NA NA NA

The original intent of the majority of these fiber systems was to provide telephony rather
than Internet service, however efforts are being made to construct new fiber optic cables by
entities other than the interexchange carriers. In October 1996, the FCC granted MFS
Communications Company, Inc. a license to construct a non-common carrier fiber optic cable
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system between the United States and the United Kingdom Thiswill be the first cable to provide
end to end facilities and services between the two countries. The system will be capable of
providing 10 Gbps at an estimated total cost of construction of $500 million. A project is also
underway to build the first undersea cable between the United States and China at a capacity of
10 Gbps and an estimated program cost of $1.4 billion [Lande, p. 24].

The installation of fiber optic cable is expensive and not affordable in many regions of the
world. The FCC'’s rough cost estimates for buried cable is approximately $65,000 per mile
which includes the purchase of the right of way. The cost for the buried cable is not the extent of
the cost of running fiber to a home or a business. There is also the cost of the connection itself.
For the trials that have been conducted for distribution fiber, or fiber to the home or business, the
costs have ranged from around $2,000 to in excess of $6,000 [Kraushaar, 1996]. The more
recent trials have fallen in the lower range, however costs are not expected to drop below the
lower figure due to the labor costs for installing fiber optic equipment. Monthly costs for fiber
optic links tend to be high due to the need to amortize costs over a short period of time. Once a
fiber connection to the home is installed, the bandwidth is in place and cannot be distributed to
another user if the original user no longer desires the service, thus the costs need to be recovered
quickly.

6.5.5 Competitive Summary

While dial-up access is still the most prevalent method for the consumer to connect to the
Internet, fiber optic cabling and xDSL represent the true competition to the broadband satellite
systems. Both of these technologies are able to conduct high speed bi-directional information
transfer. However, they are both dependent on fixed infrastructure and are not capable of
reaching the last mile at a reasonable cost. Even in areas where fiber is accessible, the cost for a
connection may be prohibitive to the home and business user. Wireless access also suffers from
the inability to reach the last mile without a significant installation of infrastructure.

Cable modems and broadcast satellites are well positioned to provide an interim solution to
the demands for bandwidth. The broadcast satellites have the ability to reach the last mile and
provide service with a small investment in infrastructure, the current cost of a satellite dish is
$700 and the monthly cost of the service ranges from $40 to $130 per month. Cable modems
along with the broadcast satellites provide a high speed downlink to the user and a very low
speed uplink. In the current market where Web browsing is one of the most common uses of the
Internet, a high speed bi-directional link is not required. A small packet is sent out to request
large amounts of data from a site. However, as technology develops and the demand for
interactive applications grows, the upstream link will become a critical bottleneck for both of
these technologies.
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Thus for true symmetric data transfer, the options currently available to the consumer are
shown in Table 6.6 [Vaughan-Nichols]. The table does not include some of the installation and
equipment fees that were discussed previously. Taking the average cost per T1 minute for the
last mile and exponential markets at 100% capture shown in Figure 5.4 as $0.21 per T1 minute, a
baseline comparison to the T1 costs shown in the table can be made. Assuming that the flat
monthly fee includes an average of 60 hours of connect time [Rickard)], gives an average monthly
rate for the satellite systems of $756. Even a 35% mark up of this monthly rate to include costs
such as advertising places the monthly fee in the low end of the listed range for T1 connections.
The satellite systems clearly have the ability to compete with broadband terrestrial technology.

Table 6.6: Connection Options

Link Type Speed Range Monthly Rate (FY 96 $)

Modem 14.4 - 33.6 kbps 20
Switched 56 56 kbps 500
ISDN 54 - 128 kbps 50- 750
T-1 1.544 Mbps 1,000 - 3,000+
T-3 44.736 Mbps 5,000 - 30,000+

6.6 Additional Considerations

From studies conducted by Boardwatch magazine [Rickard, p. 23], the average backbone
data transfer rate of the terrestria Internet is 40 kbps. Unless a drastic change in the
infrastructure of the Internet occurs, there will be bottlenecks in the system preventing users from
achieving high data transfer rates, regardless of the speed of their connection to their loca
Internet service provider (ISP). In this context, broadband satellites become an excellent
contestant for providing dedicated high speed access for corporate intranets that is capable of
bypassing the terrestrial Internet. This may also open the doorway to aliances with ISPs. The
broadband satellite systems are able to provide connections over large distances without the high
costs of laying fiber optic cable, a veritable bargain for backups to terrestrial fiber lines that are
aready in place. The ISP, on the other hand, has the marketing and technical knowledge of
setting up corporate intranets and user accounts. Many larger 1SPs are experienced in forming
aliances with foreign local providers that will be necessary for the satellite systems to gain
landing rightsin foreign markets.

Initial concerns of foreign governments attempting to prevent Internet access to their
populations have been swept away by the speed in which Internet commerce and access has
grown. In 1996 aone, the amount of commerce conducted on the Web was $2.6 billion and this
number is expected to grow to more than $220 billion in 2001 [IDC]. Governments have been
forced to come to the realization that the Web is a vital place of business for local firms, thus
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blocking access to the Internet is a detriment to the local economy. As of June 1997, 171
countries were connected to the Internet. A total of 195 out of a world total of 207 are able to
send or receive e-mail [Toh-Pantin]. Some countries require providers and Internet users to have
permits and be licensed and still others block access to some sites to filter content. However, in
all cases governments have gradualy been loosening their original restrictionist stances and
projections indicate that all nations could be connected by the year 2000. The lessening of these
restrictions will alow the broadband satellite systems to begin to enter into foreign markets to
provide access either on a competitive level or through an operating agreement with a local
provider.

6.7 Summary

A much better return on investment can be achieved by attempting to tailor the deployment
of the broadband satellite systems to the market as it develops. Even aminimally tailored system
that delays the launch of satellites can achieve a much lower cost per T1 minute. A better
tailored system such as the seven satellite GEO(8) system can achieve an even lower cost per T1
minute. The metric provides the ability to tailor the deployment strategy of the system until an
optimum is reached. Since the estimates of market development can never be perfect,
corporations should explore providing telephony services to underdevel oped regions of the world
as amethod to minimize risk.

Despite the uncertainties inherent in the market models and the costs associated with
deploying a satellite system, the broadband satellites are competitive with terrestrial
technologies. Fiber optic cabling and xDSL represent true broadband competition to the systems
in the developed world but cannot reach the last mile markets. Due to the cost of fiber
connections and the distance limitations of xDSL, the broadband satellite systems have the
ability to compete in even the industrialized regions and are the only systems that are able to
provide true broadband service to the last mile. As demand for Internet connectivity extends
around the globe, the possibility of strategic alliances between international service providers and
the broadband satellite systems becomes a possibility. The satellite systems offer the providers
the ability to reach the last mile with little investment in ground infrastructure. Due to the
investment cost and long lead times necessary to deploy any kind of terrestrial wire
infrastructure, but especially fiber optic technology, the ability to connect remote regions of the
world quickly makes the broadband satellite systems an attractive partner. The satellite systems
also would alow multinational corporations seeking to set up dedicated corporate intranets to
obtain a dedicated link while bypassing the bottlenecks of the terrestria Internet. An
international ISP has the marketing and technical knowledge necessary to provide consumer
accounts and corporate intranet solutions to clients. Such an aliance would help secure the
financia viability of the broadband satellite programs.

101



102



Chapter 7: Conclusions

The popularity of the Internet is one of the newest manifestations of the Information Age.
By all estimates, the Internet is growing and many different industries are attempting to tap into
the sales potential envisioned in that growth. The broadband satellite systems represent
commercial space’s entry into the race to capture a market share of the Internet.

Five of these systems were selected as examples to develop and test the use of a cost per T1
minute metric to explore the technical and financial viability of satellite systems to provide
broadband service. The specifications for each system used in the model are shown in Table 7.1

Table7.1: System Specifications

System Operational Locations Access Altitude Satellite Capacity

Satellites (Planes) Scheme (km) (Gbps)

GEO (9) 9 5 TDMA/FDMA  GEO 7.7
GEO (3) 3 3 FDM/TDMA GEO 4.9
GEO (8) 8 4 TDMA GEO 4.6
LEO 840 21 TDMA/FDMA  LEO 13.3
GEO (12) 12 7 CDMA GEO 5.9

Three key components were developed to formulate the metric. The market models,
capacity simulation, and cost model are summarized below.

Market Model. The growth models for the Internet developed for use in the capacity
simulation are shown in Figure 7.1.
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Figure7.1: Market Growth Models

The exponential and third order models are projections of NSF backbone bit and packet
data respectively. The last mile model was developed through a rigorous exploration of
computer sales worldwide, increase in modem speeds, Internet host growth, and Internet user
behavior. The last mile model represents the potential traffic available from computers not yet
connected to the Internet. The exponential and third order models are used as upper and lower
bounds to Internet growth for the purposes of the smulation. To produce a global market model,
each of the growth models were distributed into five degree latitude and longitude cells based on
GDP and GDP per capita. The result was six different worldwide markets for each year from
1999 to 2012.

Capacity Simulation. To explore the technical feasibility of the modeled systems, a
capacity simulation was developed. The capacity simulation calculated achievable capacity for
each system under the desired market models. The achievable capacity results demonstrate the
effect of beam placement strategies on overal system capacity. Smaller systems such as
GEO(3), which concentrate coverage on the industrialized regions of the world have very few
under-utilized resources. Larger systems such as GEO(8) and GEO(12) that concentrate
coverage on industrialized regions are more sensitive to market distribution than systems that
provide truly global coverage. Due to their beam placements, these systems are unable to capture
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the market in under-developed regions thus are dependent on large market growth in
industrialized areas. Systems, such as GEO(9) and the LEO system, that provide truly global
coverage have more under-utilized system resources. However, these systems are able to capture
market wherever it develops so are not dependent on market distribution.

From the capacity results, all of these systems appear to be technologically feasible in their
basic configurations. Intersatellite links were shown to have no noticeable effects on achievable
system capacity.

Cost Model. The final piece necessary to assemble the cost per T1 minute metric is an
estimate of the costs of each system. The cost estimate includes the life cycle costs through the
year 2010. Life cycle costs estimated are recurring and non-recurring costs for satellite design
and construction, launch, insurance, gateways, gateway and control center operations, and
terrestrial Internet connections at the gateways. The cost estimate does not include items such as
marketing and control center construction. To provide an equitable comparison, satellite costs
were based on a $77K per kg of spacecraft dry mass estimates. This estimate is based on recent
industry experience of the costs of communications satellites. The recurring and non-recurring
cost estimates for satellite development and manufacture obtained from this model are shown in
Table7.2.

Table 7.2: Space Segment Cost Estimate (FY 96 B%)

System 77K
GEO(12) 27
GEO(9) 18
GEO(3) 96
GEO(8) 13

LEO 10.7

Costs for ground operations vary with achievable system capacity and therefore with the
market model employed in the ssmulation.

When the market models, achievable capacity results, and cost model are assembled and a
30% internal rate of return included, the cost per T1 minute is obtained. The cost per T1 minute
is the amount that the company must recover from customers through monthly service fees,
ground equipment sales, and other services in order to obtain a 30% internal rate of return. The
cost per T1 minute for the five modeled systems under the exponential and last mile markets is
shown in Figure 7.2

105



$0.35

$0.30

¢ lsstmile

H lsstmile(pc)
&*p

%025 ep(@e)

L t :
!

Cost per T1 Minute (FY 96 $)

$0.10

$0.00

o]
Y

GEO (8)
GEO (3)
GEO (12
GEO (9)

System

Figure7.2: Cost per T1 Minute Summary

All systems have the ability to be competitive with one another. Small systems with well
designed deployment strategies, such as GEO(3), show the less sensitivity to market variation.
By designing the system so it operates near saturation for most of its lifetime, the system has few
under-utilized resources and small variations in cost per T1 minute across markets. Larger
capacity systems that are truly global, yet are not grossly overdesigned for the market, also see
small fluctuations in cost per T1 minute across market models. A system that has a deployment
strategy that is well tailored toward market development is able to achieve lower costs per T1
minute. Since market growth is difficult to predict, capture of the telephony market in under
developed regions of the world will assist in mitigating market uncertainties.

The broadband satellite systems have the ability to compete with terrestrial aternatives. In
comparison to the terrestrial connection options shown in Table 7.3, the average monthly cost of
flat rate T1 service via the satellite systems assuming an average of 60 hours of connect time is
$756. The only true broadband competition is fiber optic cabling which provides connection
rates of T1 and higher. Even including a 35% mark-up of the satellite monthly rate to include
costs such as advertising places the monthly fee in the low end of the listed range for terrestrial
T1 connections.
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Table7.3: Terrestrial Connection Options
Link Type Speed Range Monthly Rate (FY 96 $)

Modem 14.4 - 33.6 kbps 20
Switched 56 56 kbps 500
ISDN 54 - 128 kbps 50- 750
T-1 1.544 Mbps 1,000 - 3,000+
T-3 44.736 Mbps 5,000 - 30,000+

In addition, broadband terrestrial technologies are not capable of reaching the last mile.
Broadband satellite systems are not only able to compete in industrialized regions, but are the
only option available in many areas of the world due to alack of terrestrial infrastructure.

These considerations raise the possibility of strategic alliances between the broadband
satellite systems and international Internet service providers (ISP). The satellite systems offer
the ability to reach the last mile and allow multinational corporations to obtain dedicated
broadband intranets while bypassing the bottlenecks of the terrestrial Internet. An international
ISP has the marketing and technical knowledge necessary to provide consumer accounts and
corporate intranet solutions to clients. Such abilities make an international ISP an excellent
partner to help secure the financial viability of the broadband satellite systems and provide a
truly global system solution. The broadband satellite systems in such a partnership have the
unique ability to lead the world forward into a new era of worldwide broadband communications.
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Appendix Al: GEO(3) Samplelnput File

khkhkkhkhkhhkhhkhhhhhhhkhhhhhkhkhhkhhhkhkhhkhhhkhkhhkhhkhkhhkhhkhkhkhkhkkkk

GEQ( 3)

X

15 Nunber of Years

1998 1999 2000 2001 2002 2003 2004

2005 2006 2007 2008 2009 2010 2011 2012
1.29e9 2.62e9 5.28e9 1.06el0 2.11el10 4.19el0 8.27el0

1.62ell 3.17ell 6.19el1l 1.20el12 2.31el2 4.39el2 8.34el2 1.58el3

3 nunber of sats

27 nunber of beans per sat

1 nunber of scan positions per beam

0 beam coordi nate system [O=lon/l at, 1l=relative Az/El]
2 channel s per beam

1 nunber of pol arizations

125. e6 bandwi dth per channel (Hz)
92.e6 channel capacity (bits/sec)
5000. comms power (greater than necessary)

Inter-Satellite Links

2 Nunber of |SL per satellite

1.0e9 |ISL Rate

0.1 Qut goi ng percentage (inter-regi onal demand)
Destination array (where the links go by satellite nunber):
2 3

1 3

1 2

M sc - where to store beam data

beam dat

Downl i nk

60. power per channel (W

79.6 Data Rate (dBHz)

5.4 Eb/ No required (dB)

41.0 Gain Receiver (dB)

24.4 Syst em Tenper at ure (dBK)
-0.5 Crcuit Losses (dB)

-1.0 At nospheric Losses (dB)

Upl i nk
1.0 Power per user (W

55.8 Data Rate (dBHz)

8.6 Eb/ No required (dB)

44.5 Gain Transmitter (dB)
27.8 Syst em Tenper at ure (dBK)

Satellite Nunmber 1

sat beam beam coords gain up freq down freq pol ar  scan cycle
1 1 0.0 60.0 41.7 28.350e9 18. 950e9 1 1
1 2 10.0 60.0 42.2 28. 475e9 19. 075e9 1 1
1 3 15.0 60.0 42.2 29.750e9 19. 950e9 1 1
1 4 25.0 60.0 42.0 29. 875e9 20. 075e9 1 1
1 5 30.0 62.0 41.7 29.500e9 19. 700e9 1 1
1 6 -3.0 50.0 42.0 29. 625e9 19. 825e9 1 1
1 7 5.0 50.0 42.3 29. 875e9 20.075e9 1 1
1 8 10.0 47.0 42. 4 29.500e9 19. 700e9 1 1
1 9 15.0 50.0 42.5 29. 625e9 19. 825e9 1 1
1 10 20.0 50.0 42. 4 28. 350e9 18. 950e9 1 1
1 11 25.0 50.0 42.3 28.475e9 19. 075e9 1 1
1 12 35.0 55.0 41.8 29. 625e9 19. 825e9 1 1
1 13 40.0 55.0 41.5 29.750e9 19. 950e9 1 1
1 14 -8.0 40.0 41.3 29.500e9 19. 700e9 1 1
1 15 -5.0 42.0 42.0 28.475e9 19. 075e9 1 1
1 16 5.0 40.0 42. 4 28. 350e9 18. 950e9 1 1
1 17 17.0 40.0 42. 6 29.750e9 19. 950e9 1 1
1 18 25.0 40.0 42. 4 29.500e9 19. 700e9 1 1
1 19 37.0 40.0 41.7 29. 875e9 20.075e9 1 1
1 20 -3.0 35.0 41.5 29. 875e9 20. 075e9 1 1
1 21 30.0 35.0 41.8 29. 625e9 19. 825e9 1 1
1 22 37.0 35.0 41.3 28. 350e9 18. 950e9 1 1
1 23 32.0 30.0 41.5 29.750e9 19. 950e9 1 1
1 24 47.0 27.0 38.8 29.500e9 19. 700e9 1 1
1 25 52.0 27.0 38.1 28.475e9 19. 075e9 1 1
1 26 57.0 22.0 36.1 29.875e9 20. 075e9 1 1
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1 27
Satellite Nunbe

sat

NN NNNNNNDNDNDNNNNNDNDNDNDNNNNDNDNDN

Satellite Number 3

sat

WWWWWWWWWWWWWwWwWwWwWwWwWwWwWwwWwwWwwwww

?220 20.0
beam beam coor ds
1 -82.0 27.5
2 -81.5 34.0
3 -65.0 45.0
4 -87.0 34.0
5 -77.5 44.0
6 -72.0 56.0
7 -95.0 31.0
8 -92.5 38.0
9 -85.0 56.0
10 -84.5 43.0
11 -103.0 37.5
12 -119.0 35.5
13 -92.5 47.0
14 -122.0 40.0
15 -112.0 37.0
16 -100.0 47.5
17 -90.0 65.0
18 -108.0 32.0
19 -112.0 47.0
20 -110.0 65.0
21 -122.5 47.5
22 -122.5 61.0
23 -135.0 61.0
24 -150.0 60.0
25 -67.0 19.0
26 -157.5 20.0
27 -98.0 28.0
beam beam coord
1 140.0 40.0
2 137.0 36.0
3 125.0 10.0
4 120.0 39.0
5 125.5 39.0
6 114.5 39.0
7 115.0 30.0
8 120.0 27.0
9 115.0 28.0
10 115.0 22.0
11 105.0 24.0
12 105.0 21.0
13 109.0 12.0
14 105.0 -6.0
15 102.0 5.0
16 100.0 12.0
17 100.0 18.0
18 95.0 25.0
19 90.0 27.0
20 86.0 23.0
21 82.0 21.0
22 82.0 15.0
23 77.0 12.0
24 77.0 19.0
25 75.0 23.0
26 80.0 28.0
27 75.0 32.0

PWWUIOOUITOROONOOUIOINDARFRODMUIUIO0 O S

ONRFRPRFRPONUIWOREPNWOSNNNROORAWRAWUOINGWDS

[N

. 625e9

freq

. 350e9
. 625e9
. 875e9
. 500e9
. 750e9
. 625e9
. 750e9
. 875e9
. 500e9
. 475e9
. 750e9
. 500e9
. 350e9
. 350e9
. 475e9
. 625e9
. 875e9
. 875e9
. 500e9
. 750e9
. 875e9
. 475e9
. 350e9
. 625e9
. 475e9
. 500e9
. 625e9

freq

. 625e9
. 750e9
. 625e9
. 875e9
. 350e9
. 350e9
. 500e9
. 625e9
. 475e9
. 750e9
. 875e9
. 475e9
. 500e9
. 500e9
. 875e9
. 750e9
. 625e9
. 500e9
. 750e9
. 350e9
. 625e9
. 475e9
. 350e9
. 875e9
. 500e9
. 475e9
. 875e9

19.

down freq
18.
19.
20.
. 700e9
. 950e9
. 825e9
. 950e9
. 075e9
. 700e9
. 075e9
. 950e9
. 700e9
. 950e9
. 950e9
. 075e9
. 825e9
. 075e9
. 075e9
. 700e9
. 950e9
. 075e9
. 075e9
. 950e9
. 825e9
. 075e9
. 700e9
. 825e9

down freq
19.
19.
19.
20.
18.
18.
19.
19.
19.
19.
. 075e9
. 075e9
. 700e9
. 700e9
. 075e9
. 950e9
. 825e9
. 700e9
. 950e9
. 950e9
. 825e9
. 075e9
. 950e9
. 075e9
. 700e9
. 075e9
. 075e9

825e9

950e9
825e9
075e9

825e9
950e9
825e9
075e9
950e9
950e9
700e9
825e9
075e9
950e9

RPRRRPRRPRRPRRPRRPRRPRRPRREPRREPRREPRRERRERRERRET B

RRRRPRRPRRPRRPRRPRRPRREPRPRREPRREPRREPRRERRERDT

=]
®
=

ol ar

1

scan cycle

RPRRRPRRRRPRRRPRRRPRRPRREPRREPRREPRRERRERRERRE

scan cycle

RRRRPRRPRRPRRPRRPRRPRRERRERRRERRRRRRRER
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Appendix A2: GEO(8) Samplelnput File

khkhkkhkhkhhkhhkhhhhhhhkhhhhhkhkhhkhhhkhkhhkhhhkhkhhkhhkhkhhkhhkhkhkhkhkkkk

GEQ( 8)

R R R R R R
X

1 Nurmber of Years

2010

4.39e12

8 nunber of sats

48 nunber of beans per sat

1 nunber of scan positions per beam

0 beam coordi nate system [O0=lon/lat, 1l=relative Az/El]
1 channel s per beam

2 nunber of pol arizations used

125. e6 bandwi dth per channel (Hz)
92.e6 channel capacity (bits/sec)
5000. conmmuni cation power (W

Inter-Satellite Links

0 Nunber of |SL per satellite
M'sc - where to store beam data
beam dat

Downl i nk

20.0 power per channel (W
79.6 Data Rate (dBHz)

5.0 Eb/ No required (dB)

43.0 Gain Receiver (dB)

24.4 Syst em Tenper at ure (dBK)
-0.5 Crcuit Losses (dB)

-1.0 At nospheric Losses (dB)

Upl i nk
1.0 Power per user (W

55.8 Data Rate (dBHz)

8.0 Eb/ No required (dB)

44.5 Gain Transmitter (dB)
27.6 Syst em Tenper at ure (dBK)

Satellite Nunmber 1

sat beam beam coords gain up freq down freq pol ar  scan cycle
1 1 -123.0 47.1 46. 5 29.500e9 19. 700e9 1 1
1 2 -117 47.1 46. 5 29. 625€e9 19. 825e9 1 1
1 3 -123.0 42. 46. 5 29.750e9 19. 950e9 1 1
1 4 -118.5 42. 46.5 29. 875e9 20. 075e9 1 1
1 5 -111 47.1 46. 5 29.500e9 19. 700e9 1 1
1 6 -105 47.1 46.5 29. 625e9 19. 825e9 1 1
1 7 -114.0 42. 46. 5 29.750e9 19. 950e9 1 1
1 8 -109.5 42. 46.5 29. 875e9 20. 075e9 1 1
1 9 -99.0 47.1 46. 5 29.500e9 19. 700e9 1 1
1 10 -98.5 29.0 46.5 29.500e9 19. 700e9 1 1
1 11 -105.0 42. 46. 5 29.750e9 19. 950e9 1 1
1 12 -101.5 42. 46.5 29. 875e9 20. 075e9 1 1
1 13 -123.0 37.5 46. 5 29.500e9 19. 700e9 1 1
1 14 -118.5 37.5 46. 5 29. 625€9 19. 825e9 1 1
1 15 -118.0 33. 46. 5 29.750e9 19. 950e9 1 1
1 16 -114.0 37.5 46.5 29.500e9 19. 700e9 1 1
1 17 -109.5 37.5 46. 5 29. 625e9 19. 825e9 1 1
1 18 -113.5 33. 46.5 29. 875e9 20. 075e9 1 1
1 19 -109. 33. 46. 5 29.750e9 19. 950e9 1 1
1 20 -105.0 37.5 46.5 29.500e9 19. 700e9 1 1
1 21 -101.5 37.5 46. 5 29. 625e9 19. 825e9 1 1
1 22 -104.5 33. 46.5 29. 875e9 20. 075e9 1 1
1 23 -150.0 65.0 46. 5 29. 625e9 19. 825e9 1 1
1 24 -155.0 20.0 46.5 29. 875e9 20. 075e9 1 1
1 25 -93.0 47.1 46. 5 29. 625e9 19. 825e9 2 1
1 26 -87.0 47.1 46.5 29.500e9 19. 700e9 2 1
1 27 -97.0 42. 46. 5 29.750e9 19. 950e9 2 1
1 28 -92.5 42, 46.5 29. 875e9 20. 075e9 2 1
1 29 -82.0 47.1 46. 5 29. 625e9 19. 825e9 2 1
1 30 -76.0 47.1 46.5 29.500e9 19. 700e9 2 1
1 31 -88.0 42. 46. 5 29.750e9 19. 950e9 2 1
1 32 -83.5 42. 46.5 29. 875e9 20. 075e9 2 1
1 33 -70.0 47.1 46. 5 29. 625e9 19. 825e9 2 1
1 34 -64.0 47.1 46.5 29.500e9 19. 700e9 2 1
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RPRRRRRRPRRRRRER PR

38
39
40
41
42
43
44
45
46
47
48

-91.
- 88.
- 83.
-87.
-82.

QO UIoOUIoOUIO0OO

Satellite Number 2

sat

NN

NN NNNNNNPDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNNNNNDNODNDNDNNNNDNDN

beam

beam coords

-1.5

ohro

Satellite Number 3

sat

WWWWWWWWWWwwWwwww

beam

OCO~NOUORAWNE

10

12
13
14

beam coords

-113
-108
-103
-82
-88
-108
-103
-98
-64.5
-103.5
-99
-100
-96
-92

53
39
41

47.
43.

48

47.

39
50
48
48
48
48
56
56
56
56
56
43
42
42
39
28
25
53
39
41

47.
43.

48

47.

39
50
48
48
48
48
56
56
56
56
56
43
42

29
29
29
10
15
25
25
25
6

21
21
18
17
17

oo O

oo

[(QEGEGEGESEGEGEGEGEGEGEGEQEOQESEGEGEGEGESEGQEGEO NG ESEOEGEO NG SN GRS NSNS ES NS N N N6 Ko K6 Ne) Ko N6 N6y Né) ] GO o1 o1 0101 01 0101 0101 a1

oo oioos

. 750e9
. 875e9

. 625e9
. 750e9
. 625e9
. 500e9
. 500e9
. 625e9
. 875e9
. 750e9
. 500e9
. 625e9
. 875e9
. 750e9

freq

. 500e9
. 625e9
. 750e9
. 750e9
. 875e9
. 625e9
. 625e9
. 625e9
. 750e9
. 625e9
. 750e9
. 625e9
. 750e9
. 875e9
. 500e9
. 875e9
. 500e9
. 875e9
. 500e9
. 875e9
. 500e9
. 750e9
. 875e9
. 500e9
.501e9
. 626e9
. 751e9
. 751e9
. 876e9
. 626e9
. 626e9
. 626e9
. 751e9
. 626e9
. 751e9
. 626e9
. 751e9
. 876e9
.501e9
. 876e9
.501e9
. 876e9
.501e9
. 876e9
.501e9
. 751e9
. 876e9
.501e9

freq

. 625e9
. 500e9
. 625e9
. 500e9
. 750e9
. 875e9
. 750e9
. 875e9
. 500e9
. 625e9
. 500e9
. 875e9
. 750e9
. 875e9

down freq
. 700e9
. 825e9
. 950e9
. 950e9
. 075e9
. 825e9
. 825e9
. 825e9
. 950e9
. 825e9
. 950e9
. 825e9
. 950e9
.075e9
. 700e9
.075e9
. 700e9
.075e9
. 700e9
.075e9
. 700e9
. 950e9
. 075e9
. 700e9
. 700e9
. 825e9
. 950e9
. 950e9
. 075e9
. 825e9
. 825e9
. 825e9
. 950e9
. 825e9
. 950e9
. 825e9
. 950e9
.075e9
. 700e9
.075e9
. 700e9
.075e9
. 700e9
.075e9
. 700e9
. 950e9
. 075e9
. 700e9

down freq
. 825e9
. 700e9
. 825e9
. 700e9
. 950e9
. 075e9
. 950e9
. 075e9
. 700e9
. 825e9
. 700e9
. 075e9
. 950e9
. 075e9

. 950e9
.075e9

. 825e9
. 950e9
. 825e9
. 700e9
. 700e9
. 825e9
. 075e9
. 950e9
. 700e9
. 825e9
. 075e9
. 950e9

NNNNNNNNNN NN NN

ol ar

NRONRNNNONNONNONNONNNONNNNNNNNNNNNNRRRPRRRPRRPRREPRREPRRPRREPRRERRPRRRRRRT

ol ar

RPRRRPRRPRRRPRRRPRREPRRPRDT

RPRRRPRRRRPRRRRRERRPR

PRRPRRPRRRPRRPRRPRRPRRPRRRPRRPRPRPRRPRPRRRPRRPRRPRPRRRPRRPRRPRRPRRPRRPRRPRPRPRRPRRPRRPRREPRPRRRRRERON
O

Q

=}

O

<

O

D

[%2]
O
Q
=}
O
<
o
D

RPRRRRRRPRRRPRRRERRRER

118




45
46
47
48

0000 L0 L L) L) L L LD L LD LY L) L) L) L) L LD L) L) L) L) LD L) LD LD L) L) L) L) ) W) LOW)
w
s

-78
-74
-78
-38
-78
-38
-38
-50
-44
-50
-43
-85
-50
-58
-70
- 60
-55
-72
-58

Satellite Number 4

sat beam

B R A S T S ST S S S e e N e N S S S e A L S S S S N S S S g S S S e e e e N A )
N
w

beam coords

176
172
142
147
150
152
116
113
109
102
112
100
104
111
124
122
105
140
137
133
129
125
117
120
120
116
120
116
112
109
106
108
104
100
105
96

91

106
109
120
140
77

131

-10
-14
-18
-18
-22
-22
13

-26
-29
-33
-33
-33
-37
-37

-38

QUi aoIaoIoIaIoIaIoTglorol 010101 0101010101 0101 01

oo oaooaaoaoaaoaooaaoaoIaaoaoaiaaoiaoiaaoioos

. 500e9
. 875e9

. 750e9
. 500e9
. 625e9
. 500e9
. 625e9
. 875e9
. 750e9
. 875e9
. 750e9
. 875e9
. 500e9
. 625e9
. 500e9
. 875e9
. 750e9
. 500e9
. 625e9
. 875e9
. 750e9
. 625e9
. 875e9
. 750e9
. 625e9
. 500e9
. 625e9
. 750e9
. 500e9
. 750e9
. 875e9
. 750e9
. 625e9
. 625e9

freq

. 125e9
. 000e9
. 250e9
. 375e9
. 250e9
. 375e9
. 000e9
. 250e9
. 000e9
. 375e9
. 250e9
. 125e9
. 000e9
. 125e9
. 375e9
. 250e9
. 125e9
. 000e9
. 125e9
. 000e9
. 125e9
. 000e9
. 250e9
. 375e9
. 000e9
. 125e9
. 250e9
. 375e9
. 250e9
. 375e9
. 250e9
. 000e9
. 125e9
. 000e9
. 250e9
. 250e9
. 000e9
. 125e9
. 000e9
. 125e9
. 125e9
. 375e9
. 250e9
. 375e9

down freq
. 325e9
. 200e9
. 450e9
. 575e9
. 450e9
. 575e9
. 200e9
. 450e9
. 200e9
. 575e9
. 450e9
. 325e9
. 200e9
. 325e9
. 575e9
. 450e9
. 325e9
. 200e9
. 325e9
. 200e9
. 325e9
. 200e9
. 450e9
. 575e9
. 200e9
. 325e9
. 450e9
. 575e9
. 450e9
. 575e9
. 450e9
. 200e9
. 325e9
. 200e9
. 450e9
. 450e9
. 200e9
. 325e9
. 200e9
. 325e9
. 325e9
. 575e9
. 450e9
. 575e9

. 700e9
.075e9

. 950e9
. 700e9
. 825e9
. 700e9
. 825e9
. 075e9
. 950e9
. 075e9
. 950e9
. 075e9
. 700e9
. 825e9
. 700e9
. 075e9
. 950e9
. 700e9
. 825e9
. 075e9
. 950e9
. 825e9
. 075e9
. 950e9
. 825e9
. 700e9
. 825e9
. 950e9
. 700e9
. 950e9
. 075e9
. 950e9
. 825e9
. 825e9

NRNRNRNRNRNRNNRNNNRNNRNNNNNRNNNNRRRR R R R RPN N

ol ar

NRONNONNNNONNONNNONNNNNNNNNRRRPRRRPRREPRREPRREPRREPRREPRREPRRERRRRRT

RPRRPRRPRRPRRRPRRRPRRPRRPRRPRREPRREPRRERRERRERRERRERRERRRE
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O
Q
=}
O
<
o
D
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A DN

Satellite Number 5

sat

oo oaoaaoaoaoaoaoaaoaoaoaoaoaaoaoaaoaoiaaoiaoiaaolol

Satellite Number 6

sat

(XYoo oo oo No koo Yoo No N oo No oo N N oo o) NerNep Ne)]

45 77 12
46 79 8

47 120 41
48 112 27
beam beam coor ds
1 -123.0 47.1
2 -117 47. 1
3 -123.0 42.
4 -74.5 42.
5 -111 47. 1
6 -105 47. 1
7 -114.0 42.
8 -83.5 37.5
9 -99.0 47.1
10 -98.5 29.0
11 -105.0 42.
12 -88.0 42.
13 -123.0 37.5
14 -118.5 37.5
15 -118.0 33.
16 -114.0 37.5
17 -79.0 37.5
18 -113.5 33.
19 -109. 33.
20 -105.0 37.5
21 -101.5 37.5
22 -104.5 33.
23 -150.0 65.0
24 -155.0 20.0
25 -93.0 47.1
26 -87.0 47.1
27 -97.0 42.
28 -92.5 42.
29 -82.0 47.1
30 -76.0 47.1
31 -88.0 42.
32 -83.5 42.
33 -70.0 47.1
34 -64.0 47.1
35 -79.0 42.
36 -74.5 42.
37 -94. 29.0
38 -100.5 33.
39 -82. 28.5
40 -79.0 37.5
41 -97.0 37.5
42 -92.5 37.5
43 -96.0 33.
44 -91.5 33.
45 -88.0 37.5
46 -83.5 37.5
47 -87.0 33.
48 -82.5 33.
beam beam coords
1 .5 47.5
2 10 50

3 16 48

4 12 43

5 10.5 30

6 10 50

7 -4 52

8 -3 30

9 -7.5 30
10 41 22
11 43 19
12 44 29.5
13 43 14.5
14 1.5 43.5
15 47.5 18.5
16 39 26
17 43 37.5
18 43 41.5
19 48 37
20 41 48
21 41 56
22 32 23
23 33 20
24 5.5 47.5

o1 o1 o

[(QEGEGEGESEGEGEGEGEGEGEGEQEOQESEOQEGEGEGESEGEGEO NG ESEOEGEO NG SN NGRS N NSNS NSNS N N N6 Né K6 Ne) Ko N6 N6y Né) ]

oo oaoaaoaaoaoaaoaoiaaoiaos

. 125e9
. 000e9

. 125e9
. 000e9

freq

. 000e9
. 125e9
. 250e9
. 375e9
. 000e9
. 125e9
. 250e9
. 250e9
. 000e9
. 000e9
. 250e9
. 000e9
. 000e9
. 125e9
. 250e9
. 000e9
. 125e9
. 375e9
. 250e9
. 000e9
. 125e9
. 375e9
. 125e9
. 375e9
. 125e9
. 000e9
. 250e9
. 375e9
. 125e9
. 000e9
. 250e9
. 375e9
. 125e9
. 000e9
. 250e9
. 375e9
. 125e9
. 250e9
. 125e9
. 000e9
. 000e9
. 125e9
. 375e9
. 250e9
. 000e9
. 125e9
. 375e9
. 250e9

freq

. 000e9
. 125e9
. 250e9
. 375e9
. 000e9
. 135e9
. 250e9
. 375e9
. 250e9
. 125e9
. 250e9
. 000e9
. 000e9
. 125e9
. 375e9
. 375e9
. 000e9
. 125e9
. 250e9
. 375e9
. 000e9
. 125e9
. 250e9
. 000e9

19.
19.

19.
19.

down freq
. 200e9
. 325e9
. 450e9
. 575e9
. 200e9
. 325e9
. 450e9
. 450e9
. 200e9
. 200e9
. 450e9
. 200e9
. 200e9
. 325e9
. 450e9
. 200e9
. 325e9
. 575e9
. 450e9
. 200e9
. 325e9
. 575e9
. 325e9
. 575e9
. 325e9
. 200e9
. 450e9
. 575e9
. 325e9
. 200e9
. 450e9
. 575e9
. 325e9
. 200e9
. 450e9
. 575e9
. 325e9
. 450e9
. 325e9
. 200e9
. 200e9
. 325e9
. 575e9
. 450e9
. 200e9
. 325e9
. 575e9
. 450e9

down freq
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.

325e9
200e9

325e9
200e9

200e9
325e9
450e9
575e9
200e9
325e9
450e9
575e9
450e9
325e9
450e9
200e9
200e9
325e9
575e9
575e9
200e9
325e9
450e9
575e9
200e9
325e9
450e9
200e9

NN NN

ol ar
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scan cycle
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6 25 34 39 46. 5 29.000e9 19. 200e9 2 1
6 26 38 39 46. 5 29. 125e9 19. 325e9 1 1
6 27 38 34 46. 5 29. 250e9 19. 450e9 1 1
6 28 36 30 46.5 29. 000e9 19. 200e9 1 1
6 29 30 30 46. 5 29. 125e9 19. 325e9 1 1
6 30 25 30 46.5 29. 000e9 19. 200e9 1 1
6 31 20 30 46. 5 29. 125e9 19. 325e9 1 1
6 32 15 30 46.5 29. 000e9 19. 200e9 1 1
6 33 10 34 46. 5 29. 250e9 19. 450e9 1 1
6 34 5 34 46. 5 29. 375e9 19. 575e9 1 1
6 35 0 34 46. 5 29. 250e9 19. 450e9 1 1
6 36 -4 32.5 46. 5 29. 3759 19. 575e9 1 1
6 37 32 27 46. 5 29. 250e9 19. 450e9 1 1
6 38 43 33 46. 5 29. 3759 19. 575e9 1 1
6 39 40 29 46. 5 29. 125e9 19. 325e9 1 1
6 40 7.5 6 46.5 29. 000e9 19. 200e9 1 1
6 41 3 7 46. 5 29. 125e9 19. 325e9 1 1
6 42 -2 6 46.5 29. 000e9 19. 200e9 1 1
6 43 18 -32 46. 5 29.375e9 19. 575e9 1 1
6 44 28 -24 46. 5 29. 250e9 19. 450e9 1 1
6 45 28 -29 46. 5 29.375e9 19. 575e9 1 1
6 46 44 25 46. 5 29. 3759 19. 575e9 1 1
6 47 46 22 46. 5 29. 125e9 19. 325e9 1 1
6 48 48 33 46.5 29. 250e9 19. 450e9 1 1
Satellite Number 7

sat beam beam coords gain up freq down freq polar scan cycle
7 1 -113 29 46. 5 29. 125e9 19. 325e9 1 1
7 2 -108 29 46.5 29. 000e9 19. 200e9 1 1
7 3 -103 29 46. 5 29. 125e9 19. 325e9 1 1
7 4 -98.5 29 46.5 29. 000e9 19. 200e9 2 1
7 5 -94 29 46. 5 29. 125e9 19. 325e9 1 1
7 6 -118 33 46. 5 29. 250e9 19. 450e9 2 1
7 7 -113.5 33 46. 5 29.375e9 19. 575e9 2 1
7 8 -109 33 46.5 29. 250e9 19. 450e9 2 1
7 9 -82 10 46. 5 29.000e9 19. 200e9 1 1
7 10 -108 25 46.5 29. 375e9 19. 575e9 1 1
7 11 -103 25 46. 5 29. 250e9 19. 450e9 1 1
7 12 -98 25 46. 5 29. 3759 19. 575e9 1 1
7 13 -60 6 46. 5 29.000e9 19. 200e9 1 1
7 14 -99 21 46.5 29. 000e9 19. 200e9 1 1
7 15 -100 18 46. 5 29.375e9 19. 575e9 1 1
7 16 -96 17 46. 5 29. 250e9 19. 450e9 1 1
7 17 -92 17 46. 5 29.375e9 19. 575e9 1 1
7 18 -62 10 46.5 29. 250e9 19. 450e9 1 1
7 19 -70 18 46. 5 29. 125e9 19. 325e9 1 1
7 20 -78 6 46.5 29. 000e9 19. 200e9 2 1
7 21 -78 2 46. 5 29. 375e9 19. 575e9 2 1
7 22 -78 -2 46.5 29. 000e9 19. 200e9 2 1
7 23 -79 -6 46. 5 29. 125e9 19. 325e9 1 1
7 24 -78 -10 46. 5 29. 3759 19. 575e9 2 1
7 25 -75 -14 46. 5 29. 250e9 19. 450e9 2 1
7 26 -72 -18 46. 5 29. 3759 19. 575e9 1 1
7 27 -70 -22 46. 5 29.000e9 19. 200e9 1 1
7 28 -70 -26 46. 5 29. 1259 19. 325e9 1 1
7 29 -70 -30 46. 5 29.000e9 19. 200e9 1 1
7 30 -56 4 46.5 29. 250e9 19. 450e9 2 1
7 31 -72 -37 46. 5 29. 125e9 19. 325e9 2 1
7 32 -58 -37 46.5 29. 000e9 19. 200e9 2 1
7 33 -60 -33 46. 5 29.375e9 19. 575e9 2 1
7 34 -55 -33 46. 5 29. 250e9 19. 450e9 2 1
7 35 -58 -29 46. 5 29. 125e9 19. 325e9 2 1
7 36 -50 -30 46.5 29. 000e9 10. 200e9 1 1
7 37 -50 -26 46. 5 29. 250e9 19. 450e9 2 1
7 38 -50 -22 46. 5 29. 1259 19. 325e9 2 1
7 39 -43 -22 46. 5 29.000e9 19. 200e9 2 1
7 40 -50 -18 46.5 29. 3759 19. 575e9 2 1
7 41 -44 -18 46. 5 29. 250e9 19. 450e9 2 1
7 42 -44 -3 46. 5 29. 375€e9 19. 575e9 1 1
7 43 -50 -1 46. 5 29. 125e9 19. 325e9 1 1
7 44 -52 2 46. 5 29. 375€e9 19. 575e9 1 1
7 45 -103.5 21 46. 5 29. 125e9 19. 325e9 1 1
7 46 -38 -14 46. 5 29. 125e9 19. 325e9 2 1
7 47 -38 -10 46. 5 29. 250e9 19. 450e9 2 1
7 48 -38 -6 46.5 29. 125e9 19. 325e9 2 1
Satellite Number 8

sat beam beam coords gain up freq down freq pol ar  scan cycle
8 1 176 -38 46. 5 29. 625e9 19. 825e9 1 1
8 2 172 -42 46.5 29.500e9 19. 700e9 1 1
8 3 142 -38 46. 5 29.750e9 19. 950e9 1 1
8 4 176 -38 46. 5 29. 625e9 19. 825e9 2 1
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172
142

150
150
112
100
104
112
100
104
140
137
133
129
125
140
137
133
129
125
120
120
112
109
112
109
109
120
140
109
120
140
131
131
169
152
142
142
129
104
101
100
112
100

QUi aIoIaioIalolglolol g1 01010101 010101 0101 01

. 500e9
. 750e9

. 750e9
. 750e9
. 750e9
. 625e9
. 500e9
. 750e9
. 625e9
. 500e9
. 500e9
. 625e9
. 500e9
. 625e9
. 500e9
. 500e9
. 625e9
. 500e9
. 625e9
. 500e9
. 750e9
. 750e9
. 750e9
. 875e9
. 500e9
. 875e9
. 625e9
. 625e9
. 875e9
. 625e9
. 625e9
. 875e9
. 875e9
. 875e9
. 625e9
. 750e9
. 625e9
. 625e9
. 750e9
. 500e9
. 500e9
. 750e9
. 875e9
. 500e9

. 700e9
. 950e9

. 950e9
. 950e9
. 950e9
. 825e9
. 700e9
. 950e9
. 825e9
. 700e9
. 700e9
. 825e9
. 700e9
. 825e9
. 700e9
. 700e9
. 825e9
. 700e9
. 825e9
. 700e9
. 950e9
. 950e9
. 950e9
. 075e9
. 700e9
. 075e9
. 825e9
. 825e9
. 075e9
. 825e9
. 825e9
. 075e9
. 075e9
. 075e9
. 825e9
. 950e9
. 825e9
. 825e9
. 950e9
. 700e9
. 700e9
. 950e9
. 075e9
. 700e9
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Appendix A3: LEO Input File

R R SR S S R R Rk S S R S R S R S R

LEO

R R R S S Sk S R R S S S S R S R S R R R R

conp
15 Nunber of Years

1998 1999 2000 2001 2002 2003 2004

2005 2006 2007 2008 2009 2010 2011 2012
1.40el0 2.10el0 2.84e10 3.99el10 5.59el0 7.81el0 1.08ell
1.48ell 2.03ell 2.72ell 3.62ell 4.76ell 6.06ell 7.51ell 9.0ell

840 total number of sats

64 nunber of beans per sat

9 nunber of scan positions per beam

1 beam coordi nate system [0=lon/l at, 1l=relative Az/El]
1 channel s per beam

2 nunber of pol arizations used

400. e6 bandw dth per channel (Hz)
324.e6 channel capacity (bits/sec)
3000. communi cation power (W

Inter-Satellite Links

0 Nunber of |SL per satellite
M sc

beam dat

Downl i nk

75.0 power per channel (W

85.1 Data Rate (dBHz)

4.5 Eb/ No required (dB)
33.0 Gai n Receiver (dB)

26.5 Syst em Tenper at ure (dBK)
Losses (dB)
-1.0 At nospheric Losses (dB)

-0.5 Crcuit

Upl i nk
0.5

Power per

user (W

53.5 Data Rate (dBHz)
4.5 Eb/ No required (dB)
36.0 Gain Transmtter (dB)

30.0 System Tenper ature (dBK)

Typical Satellite

sat beam beam coor ds gain up freq down freq

1 0. 785406 0. 0424050 29. 8000 2.88000e+10 1.90000e+10
2 0.321272 0. 0948151 29. 8000 2.88000e+10 1.90000e+10
3 0. 196681 0. 152891 29. 8000 2.88000e+10 1.90000e+10
4 0. 541607 0.174724 29. 8000 2.88000e+10 1.90000e+10
5 0. 787808 0.127114 29. 8000 2.88000e+10 1.90000e+10
6 1. 25314 0. 0948158 29. 8000 2.88000e+10 1.90000e+10
7 1. 37633 0. 152934 29. 8000 2.88000e+10 1.90000e+10
8 1. 03110 0. 174650 29. 8000 2.88000e+10 1.90000e+10
9 0. 783951 0. 211746 29. 8000 2.88000e+10 1.90000e+10
10 0. 142945 0.212004 29. 8000 2.88000e+10 1.90000e+10
11 0.111102 0. 271495 29. 8000 2.88000e+10 1.90000e+10
12 0. 0906625 0. 331160 29. 8000 2.88000e+10 1.90000e+10
13 0. 269767 0. 341655 29. 8000 2.88000e+10 1.90000e+10
14 0. 326748 0. 284286 29. 8000 2.88000e+10 1.90000e+10
15 0. 411855 0. 228280 29. 8000 2.88000e+10 1.90000e+10
16 0. 628728 0. 258100 29. 8000 2.88000e+10 1.90000e+10
17 0. 512405 0. 308580 29. 8000 2.88000e+10 1.90000e+10
18 0. 429338 0. 362005 29. 8000 2.88000e+10 1.90000e+10
19 0. 0787531 0. 390908 29. 8000 2.88000e+10 1.90000e+10
20 0. 0679287 0. 450715 29. 8000 2.88000e+10 1.90000e+10
21 0. 0596037 0. 510562 29. 8000 2.88000e+10 1.90000e+10
22 0. 180878 0.517302 29. 8000 2.88000e+10 1.90000e+10
23 0. 205244 0. 458425 29. 8000 2.88000e+10 1.90000e+10
24 0. 236625 0. 399888 29. 8000 2.88000e+10 1.90000e+10
25 0. 380715 0.417812 29. 8000 2.88000e+10 1.90000e+10
26 0. 331903 0. 473981 29. 8000 2.88000e+10 1.90000e+10
27 0. 293329 0. 531010 29. 8000 2.88000e+10 1.90000e+10
28 0. 0492179 0. 566705 30.9000 2.88000e+10 1.90000e+10
29 0. 0447429 0.619483 30. 9000 2.88000e+10 1.90000e+10
30 0. 0409498 0.672270 30.9000 2.88000e+10 1.90000e+10
31 0. 125369 0.676176 30. 9000 2.88000e+10 1.90000e+10
32 0.136674 0. 623783 30.9000 2.88000e+10 1.90000e+10

pol ar
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109
110
111
112

0. 0352268
0. 0328685
0. 0307668
0. 0945856
. 100893
. 107963
. 177323
. 165613
. 155146
1. 42785
1.16261
0. 945236
. 06108
24893
. 46307
48292
30338
13907
49204
33796
19367
24206
37077
50640
51431
39270
27564
52158
42390
32861
35003
43847
52895
53251
44790
36472
53557
46536
39597
40752
47351
54031
54227
47834
. 41498
. 785398
. 658623
. 562199
685296
787463
. 914687
1. 01090
887474
783692
494946
435120
386859
488911
545207
613411
713920
. 639598
576744
. 317565
. 290166
. 266616
344659
373669
. 407151
. 488861
. 449566
. 415187
1. 07585
0. 960032
0. 859382
0. 933447

[ejololofe)

RRRRPRRPRRPRRPRRPRRPRRPRRPRPRRPRPRRPRRPRRPRRRRRRRRRR

00000000000 000000

coocoo0000O:"

OO 0000000000000 0000000000000000000000000000000000000000000000000000

ooo0000000000:!

. 571479
. 581463

. 632834

684442
721830
768354
814882
817332
770998
724695
730911
776768
822711
212004
228279
257921
308495
283945
270851
330535
340878
361202
390908
399887
417599
473840
457742
449412
509272
515836
529461
566705
571479
581304
632711
622985
617941
670735
674507
682684
721830
724695
730795
776671
770188
766779
813310
815659
820961
296837
341805
390890
425734
381083
341291
390460
425199
465250
442714
496251
551164
576194
523922

. 473574
. 510277
. 556866

605928
. 595559
. 645938
696707
712147
662616
613684
636219
683255
731144
442714
473949
. 510530
. 557208

. 9000
. 9000

. 9000
. 9000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000
. 8000

8000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 9000
. 8000
. 8000
. 8000
. 8000

NNNNPNNNNNNNDNDNNNNNNNDNDNNNNNNDNDNNNNNNDNDNDNNNNNDNDNDNDNNNNDNDNDNNNNNNDNDNDNNNN NN NN NN

NN NNNNNNDNDNNC

. 88000e+10
. 88000e+10

. 88000e+10
. 88000e+10

88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
88000e+10

. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
88000e+10
88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10
. 88000e+10

RPRRRRPRRPRPRRPRPRRPRPRRPRPRRPRPRRPRPRPRPRPRRPRPRRPRPRRPRRPRRPRRPRRPRRPRREPRREPRREPRREPRRERRERRERRERRERRERRERRRERRRERRRERRER PR
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. 90000e+10
. 90000e+10

. 90000e+10
.90000e+10

90000e+10

.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
. 90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
. 90000e+10
. 90000e+10
. 90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
. 90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
90000e+10

. 90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10

90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
.90000e+10
. 90000e+10
. 90000e+10

NNNNNNNNNRRRRRRRRRRRRPRREPREPREPNNNNNNNNNRRRPRRERERENNNNNNNNNRRRRERRERRERENN NN
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113
114

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

1. 02995
1.13831
1.18638
1. 08403
. 990767
785398
. 717684
658315
726611
787020
854923
. 914227
. 845770
783930
. 25323
. 16602
. 08424
. 12336
. 20090
. 28295
. 30636
. 22813
. 15345
. 00730
0. 935656
0. 870074
0. 920217
0.984292

1. 05363

1. 09262

1. 02448
0. 960791
. 35619
. 82032
. 94491
. 59999
. 35379
. 88845
. 76526
. 11049
35764
99865
. 03049
. 05093
. 87183
. 81484
72974
51286
. 62919
. 71225
. 06284
. 07366
08199
96071
. 93635
. 90497
. 76088
. 80969
84826
09237
09685
10064
01622
00492
99161
89640
91807
93659
10637
10872
11083
04701
04070
03363
. 96427
. 97598
98645
. 71374
. 97898
. 19636

oooooooo00

RPRRRPRRRRRRR

0000000000000 0000000000000000000

. 523511
. 495063

550038
574942
605057
546225
584659
625316
658789
620144
583886
624603
658008
694006
595559
613863
636286
683375
661956
644457
695258
710594
729749
643966
673459
705888
746918
715916
687834
734149

. 759641
. 788125

0. 0424050
0. 0948151

0
0
0

152891
174724
127114

0. 0948158

OO0 0000000000000 00000000000000000000000000

. 152934
. 174650

211746
212004
271495
331160
341655
284286
228280
258100
308580
362005
390908
450715
510562
517302
458425
399888
417812
473981
531010
566705
619483
672270
676176
623783
571479
581463
632834
684442
721830
768354
814882
817332
770998
724695
730911
776768
822711
212004

. 228279
. 257921

. 8000
. 8000
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. 35619
. 82032

. 94491
. 59999
. 35379
. 88845
. 76526
. 11049
. 35764
. 99865
. 03049
. 05093
. 87183
. 81484
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. 04701
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. 89953
. 77082
. 63520
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. 62001
. 71769
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. 67624
. 74562
. 73407
. 66808
. 60128
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Appendix A4: GEO(9) Samplelnput File
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GEQ(9)

R R R R R R
9 nunber of sats

64 nunber of beans per sat

3 nunber of scan positions per beam

0 beam coordi nate system [O=lon/l at, 1l=relative Az/E]
1 channel s per beam

2 nunber of pol arizations

125. e6 bandwi dth per channel (Hz)
130.e6 channel capacity (bits/sec)
5000. comrs power

Inter-Satellite Links

0 Nunber of |SL per satellite
M sc

beam dat

Downl i nk

56. power per channel (W

81.1 Data Rate (dBHz)

6.0 Eb/ No required (dB)

44. 6 Gai n Receiver (dB)

27.3 System Tenperature (dBK) (clear sky)
-0.5 Crcuit Losses (dB)

-1.0 At nospheric Losses (dB)

Upl i nk
2.0 Power per user (W

58.9 Data Rate (dBHz)

5.5 Eb/ No required (dB)

44.6 Gain Transmtter (dB)
27.8 System Tenperature (dBK)

Satel lite Number 1 -USAlL

Sat Beam Longi t ude Latitude Gain Up Freq
1 1 -93.9077 14. 3359 43. 4000 2.97500e+10
1 2 -93.8516 18. 6441 43.4000 2.95000e+10
1 3 -93. 6685 27.8719 43. 4000 2.95000e+10
1 4 -93.5224 32.9603 43.4000 2.97500e+10
1 5 -93.5224 32.9603 43. 4000 2.97500e+10
1 6 -93. 3132 38.5516 43.4000 2.95000e+10
1 7 -93. 3132 38. 5516 43. 4000 2.95000e+10
1 8 -92.9921 44.9144 43.4000 2.97500e+10
1 9 -92.9921 44.9144 43. 4000 2.97500e+10
1 10 -92.4270 52. 6163 43.4000 2.95000e+10
1 11 -91. 0064 63. 4581 43. 4000 2.97500e+10
1 12 -77.3437 2.03563 43.4000 2.95000e+10
1 13 -72.8515 2.04676 43. 4000 2.96250e+10
1 14 -68. 1085 2.06088 43.4000 2.95000e+10
1 15 -63. 0153 2.07860 43. 4000 2.96250e+10
1 16 -57. 4177 2.10093 43.4000 2.95000e+10
1 17 -51. 0461 2.12963 43. 4000 2.96250e+10
1 18 -89. 7050 14. 3511 43.4000 2.98750e+10
1 19 - 89. 5348 18. 6648 43. 4000 2.96250e+10
1 20 -89. 3002 23.1603 43.4000 2.98750e+10
1 21 - 88. 5350 33. 0078 43. 4000 2.98750e+10
1 22 - 88. 5350 33.0078 43.4000 2.98750e+10
1 23 - 88. 5350 33. 0078 43. 4000 2.98750e+10
1 24 -87.8968 38.6163 43.4000 2.96250e+10
1 25 -87.8968 38. 6163 43. 4000 2.96250e+10
1 26 -86.9127 45. 0081 43.4000 2.98750e+10
1 27 -86.9127 45. 0081 43. 4000 2.98750e+10
1 28 -85.1632 52.7714 43.4000 2.96250e+10
1 29 - 80. 5936 63. 8501 43. 4000 2.98750e+10
1 30 -85. 6481 10. 1870 43.4000 2.95000e+10
1 31 - 85. 4464 14. 3818 43. 4000 2.97500e+10
1 32 -85. 1569 18. 7069 43.4000 2.95000e+10
1 33 -84.7571 23. 2160 43. 4000 2.97500e+10
1 34 -84.2091 27.9810 43.4000 2.95000e+10
1 35 -84.2091 27.9810 43. 4000 2.95000e+10
1 36 - 83. 4473 33.1048 43.4000 2.97500e+10
1 37 -83. 4473 33.1048 43. 4000 2.97500e+10
1 38 -83. 4473 33.1048 43.4000 2.97500e+10
1 39 - 82. 3467 38. 7491 43. 4000 2.95000e+10
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Down Freq

. 99500e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10

Pol ar
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68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

. 3467
. 3467

. 6319
. 6319
. 5123
. 5231
. 3812
. 0902
. 6719
. 0925
. 2952
. 2952
. 1801
. 1801
. 5531
. 5531
. 5531
. 9724
. 9724
. 9724
. 0740
. 4097
. 2241
L9773
. 5871
. 0247
. 2425
. 6653
. 6653
. 0505
. 6974
L3791
. 8745
. 1445
. 1231
. 2123
. 2123
. 9134
. 5097
. 8674
. 9328
. 0127
. 7690
. 2579
. 4403
. 1030
. 6550
. 3437
. 8515
. 1085
. 0153
L4177
. 0461
. 3299
. 9724
. 0740
. 2241
L9773
. 5871
. 6312
. 3664
. 6653
. 6974
L3791
. 8745
. 1445
. 1231
. 6966
. 6543
. 5527
. 9134
. 5097
. 8674
. 9328
. 6139
. 7467
. 0127
. 7690
. 2579
. 4403

6

10.
14.
18.
23.
45.
45.
54.

6

46
6

10
14
19
34
6

10
14
6

o
NNNNNNNN

-45
-53
-6.

-10
-14
-33
-39
-45
-6.

-10.
-14.
-18.
-23.
- 28.
-33.

-39
-6.
-10
-14
-19
-23
-28
-34
- 6.
-10
-14

. 7491
. 7491

. 2020
. 2020
. 0989
L7719
. 2193
. 4291
L7715
. 3018
. 0941
. 0941
. 2557
. 2557
. 9573
. 9573
. 9573
. 5111
. 5111
. 5111
. 6434
. 9238
12380
2638
4944
8609
4209
9648
9648
5124
15768
.3221
. 5799
. 9785
. 5783
. 6242
. 6242
20072
. 3962
. 6890
. 1294
. 1375
25483
. 4896
. 8274
32314

. 02710
. 03563
. 04676
. 06087
. 07860
. 10093
. 12963
. 16844

. 5111
. 6434
12380
. 2639
. 4944
. 4679
. 2543
. 9648
15768
3221
5799
9785
5783
4622
7544
. 6646
20071
. 3962
. 6890
. 1294
. 7821
. 7378
. 1375
25483
. 4896
. 8274

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN NNNNNNNDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN N NN NN

. 95000e+10
. 95000e+10

. 97500e+10
. 97500e+10

95000e+10
97500e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

96250e+10
96250e+10

. 98750e+10
. 98750e+10
. 96250e+10
. 96250e+10

96250e+10
98750e+10

. 98750e+10
. 98750e+10
. 96250e+10
. 98750e+10

97500e+10
95000e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 97500e+10

97500e+10
95000e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
98750e+10

. 98750e+10
. 97500e+10
. 95000e+10
. 97500e+10

95000e+10
97500e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 97500e+10

98750e+10
97500e+10

. 98750e+10
. 97500e+10
. 98750e+10
. 97500e+10

98750e+10
97500e+10

. 96250e+10
. 98750e+10
. 95000e+10
. 97500e+10

95000e+10
95000e+10

. 97500e+10
. 95000e+10
. 96250e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

95000e+10
97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10
. 96250e+10
. 98750e+10
. 96250e+10

RPNRRRPRPRRPRPRPRPNRNRNRNRRPRREPREPRNRREPNRPNRPNRNRNRNRRRRRNNNRNRNRRPRRREPREPRENRNNNRRRNNRRNRNRRR R R PR

. 97000e+10
. 97000e+10

. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
.97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10

RPRRPRRPRRPRRPRRPRRPRRPRRRPRRPRRPRRPRRPRRPRREPRLRREPRLRREPRLRREPRLRREPRPRPRPRRPRPRPRRPRPRRPRPRRPRRPRRPRRPRREPRREPRREPRREPRREPRRERRERRERRERRERRERRRERRERRER PR
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RPRRRPRRPRPRRPRRPRPRRPRRPRPRRPRPRPRPRPRPRPRPRPRRPRRPRRPRRPRRPRRPRRPRREPRREPRREPRREPRREPRRERREPRRERRERRERRERRERRRRRERRRERRER R,

NN OO
O QD
22
@

NN N

120 -60. 2403
121 -58. 5237
122 -56. 0395
123 -57.1030
124 -56. 4468
125 -55. 3880
126 -53. 8119
127 -51.5038
128 -48. 0217
129 -50. 6300
130 -49. 7552
131 -48. 3214
132 -46. 1274
133 -42.7489
134 -42.7332
135 -41. 4547
136 -39. 2767
137 -98. 1484
138 -98. 2258
139 -98. 3315
140 -98. 3315
141 -98. 3315
142 -98.4776
143 -98.4776
144 -98.4776
145 -98. 6868
146 -98. 6868
147 -99. 0079
148 -99. 0079
149 -99.5730
150 -100. 994
151 -102. 465
152 -102. 700
153 -103. 021
154 -103. 021
155 -103. 465
156 -103. 465
157 -104. 103
158 -104. 103
159 -105. 087
160 -105. 087
161 -106. 837
162 -111. 406
163 -107. 243
164 -107.791
165 -108. 553
166 -108. 553
167 -108. 553
168 -109. 653
169 -109. 653
170 -111. 368
171 -111. 368
172 -114. 488
173 -123. 477
174 -112. 705
175 -113. 820
176 -113. 820
177 -113. 820
178 -115. 447
179 -115. 447
180 -118. 028
181 -118. 028
182 -122. 926
183 -141. 590
184 -119. 369
185 -119. 369
186 -119. 369
187 -121.634
188 -121. 634
189 -125.335
190 -125. 335
191 -132. 950
192 - 156. 326
ite Nunber
Beam Longi t ude
1 39. 0161
2 39. 0282
3 39. 0531
4 39. 0923
5 39. 1484

-15.
-19.
- 24.
-29.

0044
5721
3942
6006

-6.41126

-10.
-15.
-19.
- 24.

7623
2378
9096
8861

-6.53135

-10.
-15.

18.
. 1329
. 8719
. 8719
. 8719
. 9603
. 9603
. 9603
. 5516
. 5516
. 9144
. 9144
. 6163
. 4581
. 6648
. 1603
. 9079
. 9079
. 0078
. 0078
. 6163
. 6163
. 0081
. 0081
L7714
. 8501
. 2160
. 9810
.1048
. 1048
.1048
. 7491
. 7491
. 2020
. 2020
. 0989
L7719
. 0941
. 2557
. 2557
. 2557
. 9573
. 9573
. 5111
. 5111
. 6434
. 9238
. 4679
. 4679
. 4679
. 2544
. 2544
. 9648
. 9648
. 5124

20

9760
5719
6441

4238

2 - EUROPEL

Latitude

2.01486
6. 06061

10.
14.
18.

1555
3359
6441

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

n

. 4000
. 4000
. 4000
. 4000
. 4000

NNNNN

NNNNNPNNNNNNDNPODNNNNNNDNDNDNNNNNNDNDNNNNNNPDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN DN NN NN

. 98750e+10
. 96250e+10

. 98750e+10
. 95000e+10

97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 96250e+10
. 95000e+10
. 97500e+10

95000e+10
96250e+10

. 98750e+10
. 96250e+10
. 96250e+10
. 96250e+10

98750e+10
98750e+10

. 98750e+10
. 96250e+10
. 96250e+10
. 98750e+10

98750e+10
96250e+10

. 98750e+10
. 95000e+10
. 97500e+10
. 95000e+10

95000e+10
97500e+10

. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10

97500e+10
95000e+10

. 97500e+10
. 98750e+10
. 96250e+10
. 98750e+10

98750e+10
98750e+10

. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10

96250e+10
98750e+10

. 95000e+10
. 97500e+10
. 97500e+10
. 97500e+10

95000e+10
95000e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 97500e+10

98750e+10
98750e+10

. 98750e+10
. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10
. 96250e+10
. 96250e+10

Up Freq

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

RPRNNRRPNNNRRRPRRRRRRRRNRNNRRNNNRNRRRPRRPRRPRREPREPRNRNNRERRNNNRRPRNRRRRRNRNRRRRRERRENEN

RPRRER

. 00750e+10
. 98250e+10

. 00750e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
.97000e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
.97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
.00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10

Down Freq

. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10

RPRRRRPRPRRPRPRRPRPRRPRPRRPRPRRPRPRRPRPRRPRPRPRRPRPRPRPRRPRPRRPRPRRPRRPRREPRRPRREPRREPRREPRREPRREPRREPRRERRERRERRERRERRERRERRRRRERRRERRER R

Pol ar

RPRRRER

RPRNRPNRPONRRPRNRNRONRPRRRNRNRONRRRREPRNRNRNRNREPREPRNRNRWONRPONRRRRRRRRRRRERRRERRRERRER R

9]
o
)
=]
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NN NNNNNNDNDNNNNNNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNDNDNDNDNNNNNDNDNDNNNRN NN NN NN

39. 2258
39. 3315

39. 4776
39. 6868
40. 0080
40. 5730
41. 9936
43. 0644
43.1010
43.1763
43.1763
43. 2950
43. 4652
43. 6998
44. 0206
44. 4650
45,1032
46. 0873
47. 8368
52. 4064
47.2240
47. 3519
47.5537
47.8431
48. 2429
48. 7909
49. 5527
50. 6533
52. 3681
55. 4877
64. 4769
52. 3281
52. 9075
53. 7048
54. 8199
56. 4469
59. 0276
63. 9260
82.5903
56. 9753
57.7575
39. 0161
39. 0282
39. 0531
39. 0923
39. 1484
43. 6998
47. 5537
47.8431
34. 9839
34.9718
34. 9469
34. 9077
34. 8516
34. 7742
34. 6685
34.5224
34. 3132
33. 9920
33.4270
32. 0064
30. 9356
26. 8381
22. 6550
18. 3437
13. 8515
9. 10846
30. 8990
30. 8237
30. 7050
30. 5348
30. 3002
29. 9794
29. 5350
28. 8968
27.9127
26. 1632
21.5936
26. 7760
26. 6481

63
2
6

10.
10.
14.

6

10.
14.
18.
23.
27.
33.
38.
45.
53.

23.

2
6

18
2
6

10.
14.
18.
23.
27.
32.
38.
44,
52.

63

63.

6
10

. 1329
. 8719

. 9603
. 5516
. 9144
. 6163
. 4581
01685
06668
1659
1659
3511
. 6648
. 1603
. 9079
. 0078
. 6163
. 0081
L7714
. 8501
07899
1870
3818
7069
2160
9810
1048
7491
2020
0989
L7719
. 7715
. 3018
. 0941
. 2557
. 9573
. 5111
. 6434
. 9238
. 8609
4209
01486
06061
. 1555
. 3359
. 6441
. 1603
. 3818
. 7069
01486
06061
1555
3359
6441
1329
8719
9603
5516
9144
6163
4581

. 01685
. 02090
. 02710
. 03563
. 04676
. 06088

06668
. 1659
. 3511
. 6648
. 1603
. 9079
. 0078
. 6163
. 0081
L7714
8501
07899
. 1870

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN NNNNNNNDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN N NN NN

. 97500e+10
. 95000e+10

. 97500e+10
. 95000e+10

97500e+10

. 95000e+10
. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 95000e+10

97500e+10
97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10

96250e+10
95000e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 95000e+10
. 96250e+10
. 95000e+10

96250e+10
95000e+10

. 96250e+10
. 97500e+10
. 95000e+10
. 97500e+10

95000e+10
97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 98750e+10
. 96250e+10

RPNRRRPRRRPRRRPRRRPRRPRPRREPRREPRREPNRPNRPNRPNRPNRNRRRRRRRRRRRNRNRNRNRRPRRPRREPRREPRREPRENRNRNRNRNRRNRRRR R R PR

. 99500e+10
. 97000e+10

. 99500e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 98250e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
.97000e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10

RPRRPRRPRRPRRPRRPRRPRRPRRRPRRPRRPRRPRRPRRPRREPRLRREPRLRREPRLRREPRLRREPRPRPRPRRPRPRPRRPRPRRPRPRRPRRPRRPRRPRREPRREPRREPRREPRREPRRERRERRERRERRERRERRRERRERRER PR
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NN NNNNNNDNDNNNNNNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNDNDNDNDNNNNNDNDNDNNNRN NN NN NN

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

9

22.
22.
22.
21.
21.
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17.
14.

10
8

18.
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7
0. 05
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9
7
4.
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-14
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-9.
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26.
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18.
13.
30.
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30.

. 4463
. 1569

. 7571
. 2091
. 4473
. 3467
. 6319
. 5123
52306
5655
3812
0902
6719
0925
2952
1801
5531
9724
. 0740
59031
2241
9773
5871
0247
. 2425
. 1597
. 6312
. 3664
66525
04837
. 6974
L3791
. 8745
. 1445
. 1231
69661
65427
55267
87701
. 1444

. 91341

50974
86740
93281
61387
74671
01273
31949
76903
25792
44025
24029
76261
96055

. 74520
. 89698
. 55319
. 61203
. 18811
. 49621

. 9783
36995
24475
. 6786
. 8726
. 2511
9839
9718
9469
9077
8516
7742
9356
8381
6550
3437
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8237
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6

10.

6
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14.
18.
23.
28.
33.
39.
45.
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6

6
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23.
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34.
40.

6
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6
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ONNNNN

-10
-14
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. 7069
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. 1048
. 7491
. 2020
. 0989
. 7719
09785
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. 4291
L7715
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. 6434
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. 5799
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. 5783
. 4622
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20072
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1294
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0457
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. 6082
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Sat

166 30. 5348
167 30. 3002
168 29.9794
169 29. 5350
170 26.7760
171 26. 6481
172 26. 4463
173 26. 1569
174 25. 7571
175 25. 2091
176 24. 4473
177 22. 5655
178 22.3812
179 22.0902
180 21.6719
181 21. 0925
182 20. 2952
183 19. 1801
184 18. 2241
185 17.9773
186 17. 5871
187 17. 0247
188 16. 2425
189 13. 6974
190 13.3791
191 12. 8745
192 12. 1445
Satel lite Number
Beam Longi t ude
1 117. 016
2 117. 028
3 117. 226
4 117. 331
5 117. 331
6 117. 478
7 117. 478
8 117. 687
9 118. 008
10 118. 573
11 119. 994
12 121. 064
13 121.101
14 121.176
15 121. 295
16 121. 465
17 121. 700
18 122. 021
19 122. 465
20 123.103
21 124. 087
22 125. 837
23 125. 224
24 125. 352
25 128. 653
26 130. 368
27 133. 488
28 132. 820
29 132. 820
30 132. 820
31 134. 447
32 137. 028
33 141. 926
34 160. 590
35 138. 369
36 138. 369
37 138. 369
38 140. 634
39 140. 634
40 140. 634
41 144. 335
42 151. 950
43 166. 144
44 143. 490
45 117. 016
46 117. 028
47 117. 226
48 117. 331
49 117. 478
50 121. 064
51 125. 162
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-23
.27
-33
-6.

-10
-14
-18
-23
.27
-33
-6.

-10.
-14.
-18.
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-33.
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-14
-18
-23
- 6.
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-14
-18

2
6

2
6

10.
14.
18.
23.
27.
33.
38.
45.

52
6

10.
38.

10.

- 2.
-6.
-23
-27
-32
-2.
- 2.

. 6648
. 1603

. 9079
. 0078
07899
. 1870
. 3818
. 7069
. 2160
. 9810
. 1048
09785
2193
4291
7715
3018
0941
2557
12380
. 2639
. 4944
. 8609
. 4209
15768
. 3221
. 5799
. 9785
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Latitude

01486
06061
. 1329
. 8719
. 8719
. 9603
. 9603
. 5516
. 9144
. 6163
. 4581
01685
06668
1659
3511
6648
1603
9079
0078
6163
0081
L7714
07899
1870
7491
. 2020
. 0989
. 2557
. 2557
. 2557
. 9573
. 5111
. 6434
. 9238
. 4679
. 4679
. 4679
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. 00750e+10
. 98250e+10
. 00750e+10
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. 97000e+10
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. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10
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. 98250e+10
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. 99500e+10
. 97000e+10
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.97000e+10
. 99500e+10
. 99500e+10
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122
123
124
125
126
127
128
129
130
131

129.
133.

138.
142.
121.
121.
121.
122.
122.
125.
125.
125.
126.
126.
127.
129.
130.
130.
131.
132.
133.
134.
134.
135.
136.
138.
138.
139.
139.
140.
142.
144.
143.
144.
145.
146.
148.
150.
150.
148.
152.
154.
154.
165.
186.
153.
168.
183.
161.
164.
190.
171.
112.
112.
112.
112.
112.
112.
112.
112.
111.
111.
108.
104.
100.

345
656

149
892
176
465
700
021
465
352
554
843
243
791
553
910
328
908
705
820
776
413
975
757
840
369
303
125
856
877
303
346
087
133
067
386
253
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987
231
476
961
961
296
664
897
772
033
245
873
338
723
984
852
774
774
669
669
522
313
992
427
936
838
655

96. 3437
91. 8515

108.
108.
108.
108.
108.
107.
107.
106.
105.
104.
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104.

824
705
535
300
300
979
535
897
913
776
648
446
157

-18
-23
-28
-33
-6.
-14
-18
-23
-28
-33
-6.
-14
-19
-23
-28
-34
-34
- 6.
-24
-29
-29
-41
-50
- 6.
-35
-42
-10
-19
-37
-15
2.

18.

45
6

10
14
18

. 8609
. 4209
. 2519
. 4679
15768
. 5799
. 9785
. 5783
. 4622
. 7544
20071
. 6890
. 1294
. 7821
. 7378
. 1375
. 1375
25483
. 0457
. 1014
. 1014
. 0864
. 2498
32314
. 4420
. 8427
. 7623
. 9096
. 3713
. 5719
01486
6441
. 1329
. 1329
. 8719
. 8719
. 9603
. 5516
. 9144
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. 01685
. 02090
. 02710
. 03563
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Sat

132 103. 757
133 103. 209
134 102. 447
135 101. 347
136 99. 6319
137 96. 5123
138 100. 566
139 100. 381
140 100. 090
141 99. 6719
142 99. 0925
143 98. 2952
144 97. 1801
145 95. 5531
146 92.9724
147 88. 0740
148 96. 2241
149 95.9773
150 95. 5871
151 95. 0247
152 94. 2425
153 93. 1597
154 91. 6312
155 89. 3664
156 85. 6653
157 91. 6974
158 89. 1231
159 87. 6966
160 85. 6543
161 82. 5527
162 77.2123
163 84.9328
164 83. 6139
165 81. 7467
166 79.0127
167 74. 6805
168 81. 2579
169 80. 4402
170 79. 2403
171 77.5237
172 75. 0395
173 71. 2548
174 64. 7039
175 75. 4468
176 74.3880
177 72.8119
178 70. 5038
179 67.0217
180 61. 2282
181 61. 7489
182 112.984
183 112. 972
184 112. 947
185 108. 936
186 104. 838
187 100. 655
188 96. 3437
189 108. 899
190 104. 776
191 100. 566
192 100. 566
Satel lite Number
Beam Longi t ude
1 -26. 3132
2 9. 58232
3 15. 9539
4 23.6701
5 34. 5451
6 -13.5936
7 -18. 1569
8 -17. 7571
9 -10.5123
10 -14.3812
11 -14. 0902
12 -13.6719
13 -13. 0925
14 -12.2952
15 -6.97241
16 -2.07396
17 16. 5903

ADDDMDIADDADADDMDADDDDDDN

6

6

10.

45
6

23.
28.
33.
39.
46.
19.
23.
28.
34.
40.

24
-2.
- 6.
-10
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- 6.

38
2
2
2
2

63.
18.
23.
53.

. 2160
. 9810

. 1048
. 7491
. 2020
. 0989
09785
. 2193
. 4291
. 7715
. 3018
. 0941
. 2557
. 9573
. 5111
. 6434
12380
2638
. 4944
. 8609
. 4209
. 2519
. 4679
. 2544
. 9648
15768
5783
4622
7544
6646
6242
1294
7821
7378
1375
2359
. 4896
. 8274
. 3223
. 0457
. 1014
. 6620
. 0864
. 6082
. 0044
.5721
. 3942
. 6006
. 4420
. 8861
01486
06061
. 1555

. 01685
. 02090
. 02710
. 03563
. 06668
. 07899
. 09785

09785

4 - ATLANTI C1
Latitude

. 5516
10093
12963
16845
22914
8501
7069
2160
0989
. 2193
. 4291
L7715
. 3018
. 0941
. 5111
. 6434
. 9238

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

Gain

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
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. 98750e+10
. 96250e+10

. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

98750e+10
96250e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 97500e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10

95000e+10
97500e+10

. 95000e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 97500e+10
. 98750e+10
. 96250e+10

98750e+10
97500e+10

. 98750e+10
. 97500e+10
. 98750e+10
. 95000e+10
. 96250e+10
. 95000e+10
. 95000e+10

Up Freq

. 95000e+10
. 95000e+10
. 96250e+10
. 95000e+10
. 96250e+10
. 98750e+10
. 95000e+10

97500e+10
95000e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10
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. 00750e+10
. 98250e+10

. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 97000e+10
. 98250e+10
.97000e+10
. 97000e+10

Down Freq

.97000e+10
. 97000e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 00750e+10
.97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
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9
9
9

1
8
5

-3

0.3

7
5
5
4.
4.
3
1.

0.3
3
8
22

-0.9
-0.5

0.1
1.
2
4.
6.
11
19
4.
4.
5.
6.
8.
10
14
21
9.

10.
11.
13.
15.
18.
24.
16.
17.
18.
20.
24.
29.
24.
25.
27.
31.

44
9

15.
23.
34.
11.
13.
15.
18.

0.2241

97732
58708
02471
24250
15972
63118
36640
34751
94952
69739
37913
87452
14447
12309
69661
45734
44733
78770
. 1444
13412
09737
32605
06719
38613
25329
98727
. 3195
. 6403
23097
74208
55975
75971
47626
. 9605
. 7452
. 2961
89698
5532
6120
1881
4962
9783
7718
3700
2448
6786
8726
2511
9370
2668
5453
7233
3265
. 1207
. 6703
. 3143
. 3986
58232
9539
6701
5451
6120
1881
4962
9783
L7718
. 3700
. 2448
. 6786
. 8726
. 2511
. 9370
. 2668
. 5453
. 7233
. 3265
. 1207
. 6703
. 3143

6.12380
10. 2638

14.
18.
23.
28.
. 4679
. 2544
. 9648
. 5124

4944
8609
4209
2519

6.15768

10.
. 5799
. 9785
. 5783
. 4622
. 7544
. 6646
. 6242

3221

0734

6. 20072

10.
14.
19.
23.
28.
34.
40.
47.

3962
6890
1294
7821
7378
1375
2359
6483

6. 25483

10.
. 8274
. 3223
. 0457
. 1014
. 6620

41

4896

0864

6. 32314

10.
15.
19.
24.
29.

35

6082
0044
5721
3942
6006
4420

6.41126

10.
15.
19.
24.
30.

7623
2378
9096
8861
3744

6.53135

10.
15.
20.
25.

9760
5719
4238
7619

6. 72384

11.
16.

3415
2599

-2.10093
-2.12963
-2.16844
-2.22914

-15.
-19.
- 24.
-29.
-35.

0044
5721
3942
6006
4420

-6.41126

-10.
-15.
-19.
- 24.
- 30.

7623
2378
9096
8861
3744

- 6. 53135

-10.
-15.
- 20.
- 25.

9760
5719
4238
7619

-6.72384

-11.

3415

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
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. 95000e+10
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. 96250e+10
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. 95000e+10
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98750e+10

. 96250e+10
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. 96250e+10
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. 96250e+10
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. 95000e+10
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. 95000e+10
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. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 96250e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 98750e+10
. 96250e+10
. 98750e+10

97500e+10
98750e+10

. 97500e+10
. 98750e+10
. 95000e+10
. 97500e+10

95000e+10
97500e+10
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. 00750e+10
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. 98250e+10
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. 99500e+10
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. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 97000e+10
. 99500e+10
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. 99500e+10
. 97000e+10
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. 98250e+10
. 00750e+10
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98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
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122
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155
156
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158
159
160
161
162
163
164
165
166
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168
169
170
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172
173
174
175
176
177

. 3986
. 9936

. 1485
. 8915
. 9847
. 5823
. 9539
. 4064
. 9260
. 5903
. 3348
. 3026
. 7877
. 1444
. 0866
. 3195
. 6403
. 2310
. 7421
. 7452
. 2961

2961

-100. 664

-67.
- 68.
-76.
-82.
-82.
-97.
-74.
. 2448
. 8726
. 2511

-87

8970
5532
9783
7718
7718
0325
3699

9370

-104. 338

- 83.
- 85.
- 89.
- 96.
-43.
-47.
-52.
- 56.
-61.
-67.
-73.
-81.
- 35.
-39.
-39.
-39.
-39.
-43.
-43.
-43.
-44.
-44.
-47.
- 48.
-48.
- 48.
-49.
-50.
-52.
-52.
-52.
-53.
-53.
-54.
- 56.
-58.
-61.
- 66.
-57.
-57.
- 58.
-59.
- 60.
-62.
- 64.

5453
7233
3265
1207
3450
6563
1485
8915
9847
5823
9539
6701
1010
2240
3519
5537
8431
4345
6188
9098
3281
9075
7759
0227
4129
9753
7575
8403
3688
3026
6209
1255
8555
8769
3034
3457
4473
7877
0866
4903
1326
0672
3861
2533
9873

45
6

46
56
6

40
47
6

10
34
41
41
50
6

10
29
35
35
42
6

10.
19.
24.
30.
37.
10.
15.
20.
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ODONNNNNNNN

-10
-14
-18
-6.
-10
-14
-18
-23
- 6.
-10
-14
-18
-23
-28
-33
-6.

-10.
-14.
-18.
-23.
- 28.
-33.
-39.
-46.

- 6.

-10.
-14.
-19.
-23.
- 28.
- 34.

. 9648
15768
. 6242
. 0734
20072
. 2359
. 6483
25483
. 4896
. 6620
. 0864
. 0864
. 2498
32314
. 6082
. 6006
. 4420
. 4420
. 8427
41126
7623
9096
8861
3744
3713
9760
5719
4238
7619

. 02710
. 03563
. 04676
. 06087
. 07860
. 10093
. 12963
. 16844
. 06668
. 07899

. 1870
. 3818
. 7069
09785
. 2193
. 4291
. 7715
. 3018
12380
. 2639
. 4944
. 8609
. 4209
. 2519
. 4679
15768
3221
5799
9785
5783
4622
7544
6646
6242
20071
3962
6890
1294
7821
7378
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. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10

RPRRPRRPRRPRRPRRPRRPRRPRRRPRRPRRPRRPRRPRRPRREPRLRREPRLRREPRLRREPRLRREPRPRPRPRRPRPRPRRPRPRRPRPRRPRRPRRPRRPRREPRREPRREPRREPRREPRRERRERRERRERRERRERRRERRERRER PR
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ADDDDMDMDMDIMDMDIMDIMDIMDIDNDN

Sat

178 -69. 3195
179 -62. 2310
180 -62.7421
181 -63. 5597
182 -64. 7597
183 -66.4763
184 - 68. 9605
185 -72.7452
186 -67.8970
187 - 68. 5532
188 -69. 6120
189 -71.1881
190 -74.3699
191 -75. 2448
192 -82. 2668
Satel lite Number
Beam Longi t ude
1 171. 573
2 172.994
3 170. 687
4 171. 008
5 174. 295
6 174. 465
7 175. 465
8 176. 103
9 176. 103
10 178. 554
11 178. 843
12 178. 843
13 164. 427
14 163. 006
15 129. 418
16 123. 046
17 115. 330
18 104. 455
19 104. 455
20 104. 455
21 157. 163
22 152.594
23 149. 512
24 140. 523
25 145. 972
26 145. 972
27 145. 972
28 141. 074
29 122. 410
30 142. 366
31 142. 366
32 142. 366
33 138. 665
34 138. 665
35 131. 050
36 144.379
37 143. 875
38 138. 654
39 138. 654
40 138. 654
41 135. 553
42 135. 553
43 130. 212
44 130. 212
45 130. 212
46 116. 856
47 116. 856
48 139. 510
49 138. 867
50 134. 747
51 134. 747
52 134. 747
53 132. 013
54 132. 013
55 132. 013
56 127. 681
57 127. 681
58 127. 681
59 119. 360
60 119. 360
61 130. 524
62 128. 039
63 128. 039

oo aoaoaoaoaoaoaoooaoaoaoaoaoaoaooaoaooaaoaooaoaoaaoaaaoaoooaoaa

40
-6.

-10.
-14.
-19.
- 24.
-29.

-34
-6.
-10
-15
-19
-6.
-10
- 6.

. 2359
25483

4896
8274
3223
0457
1014
. 6620
32314
. 6082
. 0044
.5721
41126
. 7623
53135

5 -CCEN A

Latitude
52.
63.
- 38.
-44.
-14.
-18.
- 33.
- 38.
- 38.
-14.
-18.
-18.

6163
4581
5516
9144
3511
6648
0078
6163
6163
3818
7069
7069
. 6163
4581

. 10093
. 12963
. 16845
. 22914
. 22914
. 22914

L7714
. 8501
. 0989
L7719
. 5111
. 5111
. 5111
. 6434
. 9238
. 2544
. 2544
. 2544
. 9648
. 9648
. 5124
. 3221
. 5799
. 7544
. 7544
. 7544
. 6646
. 6646
. 6242
. 6242
. 6242
. 0734
.0734
. 3962
. 6890
. 7378
. 7378
. 7378
. 1375
. 1375
. 1375
. 2359
. 2359
. 2359
. 6483
. 6483
. 0457
. 1014
. 1014

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

Gain
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NNNNNNNNNN N NN NN

NN NNNNNNDNDNNNNNNDNDNNNNNNDNPDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNODNDNNNNNDNDNDNNNNNDNDNDN

. 98750e+10
. 95000e+10

. 97500e+10
. 95000e+10

97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 96250e+10
. 98750e+10

96250e+10

. 98750e+10
. 95000e+10
. 97500e+10
. 96250e+10

Up Freq

. 95000e+10
. 97500e+10
. 97500e+10
. 95000e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 98750e+10
. 95000e+10
. 97500e+10

97500e+10
96250e+10

. 98750e+10
. 96250e+10
. 95000e+10
. 96250e+10

95000e+10
95000e+10

. 95000e+10
. 95000e+10
. 97500e+10
. 96250e+10

98750e+10
97500e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 97500e+10

96250e+10
96250e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 96250e+10

95000e+10
97500e+10

. 97500e+10
. 97500e+10
. 97500e+10
. 95000e+10

95000e+10
97500e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 95000e+10

96250e+10
98750e+10

. 96250e+10
. 96250e+10
. 96250e+10
. 98750e+10

98750e+10
98750e+10

. 96250e+10
. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10
. 97500e+10
. 95000e+10
. 95000e+10

RPRRNRNRRPRRERRERREN

RPRRNNRPRPRNNNRRPRNRRPRRPRRPRREPRREPRREPRPRREPNNRRPRPRRPRRRRRNRRPRRPRRPRREPRNRRPREPNNRNRRERRER

. 00750e+10
. 97000e+10

. 99500e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 98250e+10

Down Freq

. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 98250e+10
. 97000e+10
.97000e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 99500e+10
. 97000e+10
. 97000e+10

RRRRPRREPRREPRRERRE R R

Pol ar
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[(QEGEGEGESGEGEGEGEGEGEGQEGEGEGESEGEGEGEGEGEGEGEO NG IS IO EGEGEGEGEGEGEO NG IS EGQEGEGEGEGEGQEGEO NG EGEGEGEOEGEGEGQEGEQEGEGEGQEGEQEGIGEGQEGEQEGEGEOQEGESEG SIS NGRS NS KNS R N e [6))

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

128.
124.

124.
124.
117.
117.

117

039
255

255
255
704
704
704

96. 3355
96. 3355

129.
128.
127.
125.
123.
123.
123.
120.
120.
120.
114.
114.
114.

103
447
388
812
504
504
504
022
022
022
228
228
228

99. 9675
99. 9675

122.
121.
121.
120.
120.
118.
118.
114.
114.
114.
1009.
109.

109

630
755
755
321
321
127
127
749
749
749
063
063
063

92. 6620
92. 6620

114.
113.
111.
111.
107.
107.
107.
100.
100.
103.
103.
100.
100.
100.

733
455
277
277
674
674
674
879
879
330
330
686
686
686

94. 6014
94. 6014

165.
165.
165.
140.
135.
129.
123.
115.
115.
104.
161.
157.
155.
155.
154.
154.
153.
153.
152.
152.
151.
151.
150.
150.
148.

908
852
774
108
015
418
046
330
330
455
824
776
447
447
347
347
566
381
092
092
295
295
180
180
553

6

10.

6

10.
10.
15.
15.
19.

6

10.
15.
15.
20.
20.
20.
25.
25.

6
6

11.
11.
11.
16.
16.
-14.
-18.

'
N
w

NNNNNNN

-10
- 6.
-33
-33
-38
-38
- 6.

-10.
-23.
-23.
- 28.
- 28.
-33.
-33.
- 38.

. 1014
. 6620

. 6620
. 6620
. 0864
. 0864
. 0864
. 2498
. 2498
32314
6082
. 0044
. 5721
. 3942
. 3942
. 3942
. 6006
. 6006
. 6006
. 4420
. 4420
. 4420
. 8427
. 8427
41126
7623
7623
2378
2378
9096
. 9096
. 8861
. 8861
. 8861
. 3744
. 3744
. 3744
. 3713
. 3713
53135
9760
5719
5719
4238
4238
4238
7619
7619
72384
72384
3415
3415
3415
2599
2599
3359
6441
. 1329

. 06087
. 07860
. 10093
. 12963
. 16844
. 16844
. 22914

. 1659
07899
.1048
. 1048
. 7491
. 7491
09785
2193
3018
3018
0941
0941
2557
2557
9573

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN NNNNNNNDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN N NN NN

. 95000e+10
. 97500e+10

. 97500e+10
. 97500e+10

95000e+10

. 95000e+10
. 95000e+10
. 97500e+10
. 97500e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 98750e+10

96250e+10
96250e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 98750e+10

96250e+10
96250e+10

. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10

97500e+10
95000e+10

. 95000e+10
. 97500e+10
. 97500e+10
. 97500e+10

95000e+10
95000e+10

. 95000e+10
. 97500e+10
. 97500e+10
. 98750e+10

96250e+10
98750e+10

. 98750e+10
. 96250e+10
. 96250e+10
. 96250e+10

98750e+10
98750e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 95000e+10

95000e+10
97500e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
97500e+10

. 98750e+10
. 97500e+10
. 98750e+10
. 98750e+10

97500e+10
97500e+10

. 96250e+10
. 96250e+10
. 96250e+10
. 98750e+10

98750e+10
95000e+10

. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10
. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10

RPRRPRRPRRPRRPRRPRPRPNNRRPRPEPRERNNRPNRPNRNRRRPRREPRRPRNNRRRNNRNRRRPRRPRRPRRPRREPRREPREPRENNNREPRPRENNNRPNRNRRRRERRRER R

. 97000e+10
. 99500e+10

. 99500e+10
. 99500e+10
. 97000e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 99500e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 99500e+10
. 99500e+10
. 97000e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 99500e+10
. 00750e+10
. 00750e+10
. 99500e+10
. 99500e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
.97000e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10

RPRRPRRPRRPRRPRRPRRPRRPRRRPRRPRRPRRPRRPRRPRREPRLRREPRLRREPRLRREPRLRREPRPRPRPRRPRPRPRRPRPRRPRPRRPRRPRRPRRPRREPRREPRREPRREPRREPRRERRERRERRERRERRERRRERRERRER PR
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QU oIaaoIaOIaaoIaOIUaaoIaoIaaoIaoIaaoIacioIarolo1 1ol 101010101 010101 0101 01

Sat

144 148. 553
145 149. 224
146 148. 977
147 148. 025
148 147. 243
149 146. 160
150 144. 631
151 142. 366
152 142. 366
153 144. 697
154 144. 379
155 143. 875
156 143. 144
157 142. 123
158 140. 697
159 138. 654
160 138. 654
161 138. 654
162 139. 913
163 139. 510
164 138. 867
165 137.933
166 136. 614
167 134. 747
168 134.769
169 134. 258
170 133. 440
171 133. 440
172 132. 240
173 130. 524
174 128. 039
175 129. 103
176 128. 447
177 127. 388
178 127. 388
179 125. 812
180 123.504
181 120. 022
182 120. 022
183 122. 630
184 121. 755
185 118. 127
186 118. 127
187 114. 749
188 114. 733
189 114. 733
190 103. 330
191 103. 330
192 103. 330
Satel lite Number
Beam Longi t ude
1 -93.9077
2 -93.8516
3 -93. 6685
4 -93.5224
5 -93.5224
6 -93. 3132
7 -93. 3132
8 -92.9921
9 -92.9921
10 -92. 4270
11 -91. 0064
12 -77.3437
13 -72.8515
14 -68. 1085
15 -63. 0153
16 -57. 4177
17 -51. 0461
18 -89. 7050
19 - 89. 5348
20 -89. 3002
21 - 88. 5350
22 - 88. 5350
23 - 88. 5350
24 -87.8968
25 -87.8968
26 -86.9127
27 -86.9127
28 -85.1632
29 - 80. 5936

[ XoXo o oo oo Yo koo NoXo N Xo Yo Koo N oo Yo N orR o N o2 Ner No Nep N o N o))

-38
- 6.

-10.
-18.
-23.
- 28.
-33.
-39.

-39
- 6.

-10.
-14.
-18.
-23.
- 28.
-33.
-33.
-33.

-6.

-10
-14
-19
-23
-28
-6.

-10.
-14.
-14.
-19.
- 24.
-29.

- 6.

-10.
-15.
-15.
-19.
- 24.
-29.

-29
- 6.
-10
-19
-19
-24
- 6.
- 6.
- 6.
- 6.
- 6.

63

. 9573
12380

2639
8609
4209
2519
4679
2543
. 2543
15768
3221
5799
9785
5783
4622
7544
7544
7544
20071
. 3962
. 6890
. 1294
. 7821
. 7378
25483
4896
8274
8274
3223
0457
1014
32314
6082
0044
0044
5721
3942
6006
. 6006
41126
. 7623
. 9096
. 9096
. 8861
53135
53135
72384
72384
72384

6 - USA2
Latitude
14.
18.
27.
32.
32.
38.
38.
44.
44.
52.

3359
6441
8719
9603
9603
5516
5516
9144
9144
6163
4581

. 03563
. 04676
. 06088
. 07860
. 10093

12963
. 3511
. 6648
. 1603
. 0078
. 0078
. 0078
. 6163
. 6163
. 0081
. 0081
L7714
. 8501

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

Gain
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NNNNPNPNNNNNNDNPDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNNNNN N NN

NN NNNNNNDNDNDNNNNNDNDNDNNNNNDNDNNNN

. 97500e+10
. 96250e+10

. 98750e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

95000e+10
95000e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

96250e+10
98750e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 95000e+10

97500e+10
97500e+10

. 97500e+10
. 95000e+10
. 96250e+10
. 96250e+10
. 95000e+10
. 95000e+10
. 95000e+10

Up Freq

. 96250e+10
. 98750e+10
. 98750e+10
. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10

96250e+10
96250e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 95000e+10

98750e+10
95000e+10

. 98750e+10
. 95000e+10
. 97500e+10
. 95000e+10

97500e+10
97500e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10
. 97500e+10
. 95000e+10
. 97500e+10

RRRRPRPRRPRPRREPRPREPNNRNRPRPNRRPRPRPRPRPRRNRNRNRRRPRRPRREPREPRERNNREPNRENNRRE

RPRRPRRPRRPRRPRPRRPRPRPRPRPREPNRPNRPNRPNRPRNNRRNNRE

. 99500e+10
. 98250e+10

. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 97000e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 98250e+10
. 97000e+10
.97000e+10
. 97000e+10

Down Freq

. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 00750e+10
. 97000e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

. 6481
. 4464

. 1569
. 7571
. 2091
. 2091
. 4473
. 4473
. 4473
. 3467
. 3467
. 3467
. 6319
. 6319
. 5123
. 5231
. 3812
. 0902
. 6719
. 0925
. 2952
. 2952
. 1801
. 1801
. 5531
. 5531
. 5531
. 9724
. 9724
. 9724
. 0740
. 4097
. 2241
L9773
. 5871
. 0247
. 2425
. 6653
. 6653
. 0505
. 6974
L3791
. 8745
. 1445
. 1231
. 2123
. 2123
. 9134
. 5097
. 8674
. 9328
. 0127
. 7690
. 2579
. 4403
. 1030
. 6550
. 3437
. 8515
. 1085
. 0153
L4177
. 0461
. 3299
. 9724
. 0740
. 2241
L9773
. 5871
. 6312
. 3664
. 6653
. 6974
L3791
. 8745
. 1445
. 1231
. 6966
. 6543
. 5527

10. 1870
14. 3818

18. 7069
23.2160
27.9810
27.9810
33. 1048
33. 1048
33. 1048
38. 7491
38. 7491
38. 7491
45. 2020
45. 2020
53. 0989
64.7719
10. 2193
14. 4291
18. 7715
23.3018
28. 0941
28. 0941
33. 2557
33. 2557
38. 9573
38. 9573
38. 9573
45. 5111
45. 5111
45. 5111
53. 6434
66. 9238
6.12380
10. 2638
14. 4944
18. 8609
23. 4209
45. 9648
45. 9648
54.5124
6.15768
10. 3221
14. 5799
18. 9785
23.5783
46. 6242
46. 6242
6.20072
10. 3962
14. 6890
19. 1294
34. 1375
6. 25483
10. 4896
14. 8274
6. 32314
. 02710
. 03563
. 04676
. 06087
. 07860
. 10093
. 12963
. 16844
-45.5111
-53. 6434
-6.12380
-10. 2639
-14. 4944
-33.4679
-39. 2543
-45. 9648
-6.15768
-10. 3221
-14.5799
-18.9785
-23.5783
-28.4622
-33. 7544
- 39. 6646

o
NNNNNNNN

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN NNNNNNNDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN N NN NN

. 98750e+10
. 96250e+10

. 98750e+10
. 96250e+10

98750e+10
98750e+10

. 96250e+10
. 96250e+10
. 96250e+10
. 98750e+10

98750e+10
98750e+10

. 96250e+10
. 96250e+10
. 98750e+10
. 96250e+10

95000e+10
97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 95000e+10

97500e+10
97500e+10

. 95000e+10
. 95000e+10
. 95000e+10
. 97500e+10

97500e+10
97500e+10

. 95000e+10
. 97500e+10
. 96250e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 96250e+10
. 96250e+10
. 98750e+10

97500e+10
95000e+10

. 97500e+10
. 95000e+10
. 98625e+10
. 98625e+10

98625e+10
97875e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10

97500e+10
95000e+10

. 97500e+10
. 96250e+10
. 97500e+10
. 96250e+10

97500e+10
96250e+10

. 97500e+10
. 96250e+10
. 97500e+10
. 96250e+10

95000e+10
97500e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 98750e+10

96250e+10
98750e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10
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. 00750e+10
. 98250e+10

. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 98250e+10
. 99500e+10
. 98250e+10
. 99500e+10
. 98250e+10
. 99500e+10
. 98250e+10
. 99500e+10
. 98250e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
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110
111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

-109.
-109.
-111.
-111.
-114.
-123.
-112.
-113.
-113.
-113.
-115.
-115.
-118.
-118.
-122.
-141.
-119.
-119.
-119.
-121.
-121.
-125.

. 9134
. 5097

. 8674
. 9328
. 6139
. 7467
. 0127
. 7690
. 2579
. 4403
. 2403
. 5237
. 0395
. 1030
. 4468
. 3880
. 8119
. 5038
. 0217
. 6300
. 7552
. 3214
. 1274
. 7489
. 7332
. 4547
. 2767
. 1484
. 2258
. 3315
. 3315
. 3315
L4776
. 4776
L4776
. 6868
. 6868
. 0079
. 0079
. 5730

. 994
. 465
. 700
.021
. 021
. 465
. 465
. 103
. 103
. 087
. 087
. 837
. 406
. 243
. 791
. 553
. 553
. 553
653
653
368
368
488
477
705
820
820
820
447
447
028
028
926
590
369
369
369
634
634
335

-8,
-10
-14
-19
-23
-28
-34
-6.

-10
-14
-19
-24
-29
-6.

-10
-15
-19
-24
-29

20071
. 3962
. 6890
. 1294
. 7821
. 7378
. 1375
25483
. 4896
. 8274
. 3223
. 0457
. 1014
32314
. 6082
. 0044
. 5721
. 3942
. 6006

-6.41126

-10
-15
-19
-24
-6.

-10.
-15.
18.
23.
27.

. 7623
. 2378
. 9096
. 8861
53135
9760
5719
6441
1329
8719
. 8719
. 8719
. 9603
. 9603
. 9603
. 5516
. 5516
. 9144
. 9144
. 6163
. 4581
. 6648
. 1603
. 9079
. 9079
. 0078
. 0078
. 6163
. 6163
. 0081
. 0081
L7714
. 8501
. 2160
. 9810
.1048
. 1048
.1048
. 7491
. 7491
. 2020
. 2020
. 0989
L7719
. 0941
. 2557
. 2557
. 2557
. 9573
. 9573
. 5111
. 5111
. 6434
. 9238
. 4679
. 4679
. 4679
. 2544
. 2544
. 9648

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN NNNNNNNDNNNNNNNDNDNNNNNDNDNDNNNNNDNDNDNDNNNNNDNDNDNNNNNDNDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNDNDNNNRNN N NN NN

. 98750e+10
. 96250e+10

. 98750e+10
. 96250e+10

98750e+10
96250e+10

. 98750e+10
. 95000e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 98750e+10
. 96250e+10
. 98750e+10

96250e+10
98750e+10

. 96250e+10
. 95000e+10
. 97500e+10
. 95000e+10

97500e+10
95000e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 95000e+10

97500e+10
95000e+10

. 95000e+10
. 95000e+10
. 97500e+10
. 97500e+10

97500e+10
95000e+10

. 95000e+10
. 97500e+10
. 97500e+10
. 95000e+10

97500e+10
87500e+10

. 96250e+10
. 98750e+10
. 98750e+10
. 96250e+10

96250e+10
98750e+10

. 98750e+10
. 96250e+10
. 96250e+10
. 98750e+10

96250e+10
97500e+10

. 95000e+10
. 97500e+10
. 97500e+10
. 97500e+10

95000e+10
95000e+10

. 97500e+10
. 97500e+10
. 95000e+10
. 97500e+10

98750e+10
96250e+10

. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10

96250e+10
96250e+10

. 98750e+10
. 96250e+10
. 97500e+10
. 97500e+10
. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10

RPRRPRRPRRPRRPRPNRPRPNNRPRRRPNRRRPRRPRREPRPRREPRLREPRERNRREPNNRPRPNNRNRRRRRPRRRPRRPRREPRREPRNRNRREPREPRPENRNRNRRRRRRERNRNRENEN

. 00750e+10
. 98250e+10

. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
.97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 97000e+10
. 99500e+10
.97000e+10
. 99500e+10
.97000e+10
. 00750e+10
. 98250e+10
. 00750e+10
.97000e+10
. 99500e+10
.97000e+10
. 97000e+10
.97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 99500e+10
. 99500e+10
. 97000e+10
.97000e+10
. 99500e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 99500e+10
. 99500e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
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6 190 -125. 335
6 191 -132. 950
6 192 - 156. 326
Satel lite Number

Sat Beam Longi t ude
7 1 39. 0161
7 2 39. 0282
7 3 39. 0531
7 4 39. 0923
7 5 39. 1484
7 6 39. 2258
7 7 39. 2258
7 8 39.4776
7 9 39. 6868
7 10 40. 0080
7 11 40.5730
7 12 43. 0644
7 13 100. 545
7 14 43.1010
7 15 43.1763
7 16 44.0206
7 17 44. 4650
7 18 45.1032
7 19 46. 0873
7 20 47. 8368
7 21 47.2240
7 22 47. 3519
7 23 47.5537
7 24 48. 2429
7 25 48. 7909
7 26 49. 5527
7 27 50. 6533
7 28 52. 3681
7 29 55. 4877
7 30 56. 4469
7 31 59. 0276
7 32 63. 9260
7 33 60. 3688
7 34 62. 6336
7 35 66. 3347
7 36 73.9495
7 37 64. 3034
7 38 66. 3457
7 39 69. 4473
7 40 74.7877
7 41 88. 1444
7 42 68. 3861
7 43 70. 2533
7 44 72.9873
7 45 77.3195
7 46 85. 6403
7 47 72. 7597
7 48 72.7597
7 49 74.4763
7 50 76. 9605
7 51 80. 7452
7 52 87.2961
7 53 108. 664
7 54 76. 5532
7 55 76. 5532
7 56 77.6120
7 57 77.6120
7 58 79. 1881
7 59 79.1881
7 60 81. 4962
7 61 81. 4962
7 62 84.9783
7 63 90. 7718
7 64 105. 033
7 65 86. 8726
7 66 90. 2511
7 67 95. 9370
7 68 112. 338
7 69 93. 7233
7 70 97. 3265
7 71 104. 121
7 72 101. 670
7 73 104. 314
7 74 110. 399
7 75 39. 0161

45.
54.

20.

9648
5124

4238

7 - EURCPE2

Latitude

2.01486
6. 06061

. 1555
. 3359
. 6441
. 1329
. 1329
. 9603
. 5516
. 9144
. 6163

2.01685
2.22914
6. 06668

. 1659
. 9079
. 0078
. 6163
. 0081

7714

6. 07899

25

. 1870
. 3818
. 2160
. 9810
. 1048
. 7491
. 2020
. 0989
. 9573
. 5111
. 6434
. 4679
. 2544
. 9648
. 5124
. 4622
. 7544
. 6646
. 6242
. 0734
. 7821
. 7378
. 1375
. 2359
. 6483
. 3223
. 3223
. 0457
. 1014
. 6620
. 0864
. 2498
. 6082
. 6082
. 0044
. 0044
. 5721
.5721
. 3942
. 3942
. 6006
. 4420
. 8427
. 9096
. 8861
. 3744
. 3713
. 5719
. 4238

7619

6. 72384

11.
16.

3415
2599

-2.01486

4000

- 4000
. 4000

Gain

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000

NN

. 97500e+10
. 95000e+10

2.95000e+10

NN NNNNNNPDNDNNNNNNDNDNDNNNNNDNDNDNNNNNDNPDNDNNNNNNDNDNNNNNDNDNDNDNNNNNDNDNDNDNNNNDNDNDNNNNNDNDNNDNNNNNN

Up Freq

. 98750e+10
. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

96250e+10
96250e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

95000e+10
95000e+10

. 97500e+10
. 95000e+10
. 95000e+10
. 97500e+10

95000e+10
97500e+10

. 95000e+10
. 96250e+10
. 98750e+10
. 96250e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 98750e+10

95000e+10
97500e+10

. 95000e+10
. 96250e+10
. 98750e+10
. 96250e+10

98750e+10
95000e+10

. 97500e+10
. 95000e+10
. 97500e+10
. 95000e+10

96250e+10
98750e+10

. 96250e+10
. 98750e+10
. 96250e+10
. 95000e+10

95000e+10
97500e+10

. 95000e+10
. 97500e+10
. 95000e+10
. 97500e+10

98750e+10
98750e+10

. 96250e+10
. 96250e+10
. 98750e+10
. 98750e+10

96250e+10
96250e+10

. 98750e+10
. 96250e+10
. 98750e+10
. 95000e+10

97500e+10
95000e+10

. 97500e+10
. 96250e+10
. 98750e+10
. 96250e+10
. 97500e+10
. 95000e+10
. 97500e+10
. 96250e+10

[

RPRRPRRPRRNRRPRRPRPRPNRPNRPRNNRRNNRRRPRREPRREPRNRNRRPRREPRRENRNRRPRRNRNRNRRNRRPRRPRREPRREPRRENRPNRPRENRNREN

. 99500e+10
. 97000e+10

. 97000e+10

Down Freq

. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
.97000e+10
. 99500e+10
.97000e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
. 97000e+10
. 99500e+10
. 97000e+10
. 98250e+10
. 00750e+10
. 98250e+10
. 00750e+10
.97000e+10
. 99500e+10
.97000e+10
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76 39. 0282

77 100. 545
78 34. 9839
79 34.9718
80 34. 9469
81 34.9077
82 34. 8516
83 34.7742
84 34. 7742
85 34. 6685
86 34. 6685
87 34.5224
88 34.5224
89 34. 3132
90 34. 3132
91 33. 9920
92 33. 9920
93 33.4270
94 32. 0064
95 30. 9356
96 13. 8515
97 9. 10846
98 30. 7050
99 29.9794
100 29. 9794
101 29. 5350
102 29. 5350
103 28. 8968
104 28. 8968
105 27.9127
106 27.9127
107 26. 1632
108 21.5936
109 26. 4463
110 25. 2091
111 24.4473
112 23. 3467
113 23. 3467
114 21. 6319
115 21. 6319
116 18. 5123
117 18. 5123
118 9. 52306
119 9. 52306
120 22.0902
121 21.6719
122 21. 0925
123 20. 2952
124 19. 1801
125 17. 5531
126 17. 5531
127 14. 9724
128 14. 9724
129 10. 0740
130 10. 0740
131 -8.59031
132 17. 5871
133 15. 1597
134 13. 6312
135 11. 3664
136 11. 3664
137 7.66525
138 7.66525
139 7.66525
140 0. 0504837
141 0. 0504837
142 0. 0504837
143 13. 3791
144 12. 8745
145 7.65427
146 4.55267
147 4.55267
148 -0.787701
149 -0.787701
150 -0.787701
151 -14. 1444
152 -14. 1444
153 8.91341
154 8.50974
155 7.86740

2.06088

14.
. 9079
. 9079
. 0078
. 0078
. 6163
. 6163
. 0081
. 0081
L7714
. 8501
. 3818
. 9810
.1048
. 7491
. 7491
. 2020
. 2020
. 0989
. 0989
L7719
L7719
. 4291
. 7715
. 3018
. 0941
. 2557
. 9573
. 9573
. 5111
. 5111
. 6434
. 6434
. 9238
. 4944
. 2519
. 4679
. 2544
. 2544
. 9648
. 9648
. 9648
.5124
. 5124
.5124
. 3221
. 5799
. 7544
. 6646
. 6646
. 6242
. 6242
. 6242
. 0734
56.

3511

0734
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SRR I AN PN N PN I PN PN RN PN PN PN PN PN PN N P PN P PN PN PN N P PN P PN PN RN RN PN

Sat

156 1.01273
157 -3.31949
158 -3.31949
159 3. 76903
160 3. 25792
161 2. 44025
162 -6.74520
163 -1.89698
164 -2.55319
165 -3.61203
166 - 8. 36995
167 -9. 24475
168 -10. 6786
169 34.9839
170 34.9718
171 34. 9469
172 34.9077
173 34. 8516
174 34.7742
175 13. 8515
176 30. 5348
177 30. 3002
178 29.9794
179 29. 5350
180 25.2091
181 24.4473
182 21.6719
183 21. 0925
184 20. 2952
185 19. 1801
186 17. 0247
187 16. 2425
188 15. 1597
189 13. 6974
190 13.3791
191 12. 8745
192 12. 1445
Satel lite Number
Beam Longi t ude
1 117. 016
2 117. 028
3 117. 226
4 117. 331
5 117. 331
6 117. 478
7 117. 478
8 117. 687
9 118. 008
10 118. 573
11 119. 994
12 121. 064
13 121.101
14 121. 176
15 121. 295
16 121. 465
17 121. 700
18 122. 021
19 122. 465
20 123.103
21 124. 087
22 125. 837
23 125. 224
24 125. 352
25 128. 653
26 130. 368
27 133. 488
28 132. 820
29 132. 820
30 132. 820
31 134. 447
32 137. 028
33 141. 926
34 160. 590
35 138. 369
36 138. 369
37 138. 369
38 140. 634
39 140. 634
40 140. 634
41 144. 335

00 00 00 0O C0 00 CO 0O 0O OO 0O 00 0O 0O ©O 0O CO 0O 0O OO 0O 00 0O 0O CO 0O CO 0O 0O OO 0O 0O 0O 0O ©O 0O CO OO 0O O 0O

34

40.
40.

1375
2359

2359

6. 25483

10.
14.
34.

4896
8274
6620

6. 32314

10.
15.

6082
0044

6.41126

10.
15.

7623
2378

-2.01486
-6. 06061

-10.
-14.
-18.
-23.

1555
3359
6441
1329

-2.04676

-18.
-23.
-27.
-33.
-27.
-33.
-18.
-23.
- 28.
-33.
-18.
-23.

-28

6648
1603
9079
0078
9810
1048
7715
3018
0941
2557
8609
4209
2519

-6.15768

-10.
-14.
-18.
8 - ASI A2
Latitude

3221
5799
9785

2.01486
6. 06061

23.
. 8719
. 8719
. 9603
. 9603
. 5516
. 9144
. 6163

63

1329

4581

2.01685
6. 06668

10.
14.
. 6648
. 1603
. 9079
. 0078
. 6163
. 0081

1659
3511

7714

6. 07899

10.
38.
45.
53.
33.
33.
33.
38.
45.
53.
. 9238
. 4679
. 4679
. 4679
. 2544
. 2544
. 2544
. 9648

1870
7491
2020
0989
2557
2557
2557
9573
5111
6434

. 4000
. 4000

. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
. 4000
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00 00 00 0O C0 00 0O 0O 0O OO 0O 00 0O 0O ©O 0O CO 0O 0O OO 0O 00 0O 0O CO 0O CO 0O 0O OO 0O 0O 0O 0O CO 0O CO OO 0O OO 0O 0O 0O 0O CO 0O CO 0O 0O CO 0O 0O 0O 0O ©O 0O CO OO 0O CO 0O 0O 0O 0O CO 0O CO OO 0O CO 0O 0O 0O 0O CO 0O CO OO OO

151.
166.

143.
117.
117.
117.
117.
117.
121.
125.
129.
133.
138.
142.
121.
121.
121.
122.
122.
125.
125.
125.
126.
126.
127.
129.
130.
130.
131.
132.
133.
134.
134.
135.
136.
138.
138.
139.
139.
140.
142.
144.
143.
144.
145.
146.
148.
150.
150.
148.
152.
154.
154.
165.
186.
153.
168.
183.
161.
164.
190.
171.
112.
112.
112.
112.
112.
112.
112.
112.
111.
111.
108.
104.

100

950
144

490
016
028
226
331
478
064
162
345
656
149
892
176
465
700
021
465
352
554
843
243
791
553
910
328
908
705
820
776
413
975
757
840
369
303
125
856
877
303
346
087
133
067
386
253
987
987
231
476
961
961
296
664
897
772
033
245
873
338
723
984
852
774
774
669
669
522
313
992
427
936
838
655

96. 3437
91. 8515

108.
108.
108.

824
705
535

54
56

10
2
6
23
27
32

33.

6

14
18
23
28
33
6

14
18
23
28
33
6

14
19
23
28
34
34
6

24
29
29
41
50
6

35
42
10
19
37
15
2

18.
23.
23.
27.
27.
32.
38.
44,
52.

2
2
2
2
2
10
14
18

. 5124
.0734

. 3962
01486
06061
. 1329
. 8719
. 9603

. 01685
. 02090
. 02710
. 03563
. 04676

06087
. 1659
. 6648
. 1603
. 9079
. 0078
. 1870
. 3818
. 7069
. 2160
. 9810
. 1048
. 4291
L7715
. 3018
. 0941
2557
12380
. 4944
. 8609
. 4209
. 2519
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15768
. 5799
. 9785
. 5783
. 4622
. 7544
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. 6890
. 1294
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. 1375
. 1375
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. 0457
. 1014
. 1014
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Sat

122 108. 300
123 108. 300
124 107. 979
125 107. 535
126 106. 897
127 105. 913
128 104. 776
129 104. 648
130 104. 446
131 104. 157
132 103. 757
133 103. 209
134 102. 447
135 101. 347
136 99. 6319
137 96. 5123
138 100. 566
139 100. 381
140 100. 090
141 99. 6719
142 99. 0925
143 98. 2952
144 97. 1801
145 95. 5531
146 92.9724
147 88. 0740
148 96. 2241
149 95.9773
150 95. 5871
151 95. 0247
152 94. 2425
153 93. 1597
154 91. 6312
155 89. 3664
156 85. 6653
157 91. 6974
158 89. 1231
159 87. 6966
160 85. 6543
161 82. 5527
162 77.2123
163 84.9328
164 83. 6139
165 81. 7467
166 79.0127
167 74. 6805
168 81. 2579
169 80. 4402
170 79. 2403
171 77.5237
172 75. 0395
173 71. 2548
174 64. 7039
175 75. 4468
176 74.3880
177 72.8119
178 70. 5038
179 67.0217
180 61. 2282
181 61. 7489
182 112.984
183 112. 972
184 112. 947
185 108. 936
186 104. 838
187 100. 655
188 96. 3437
189 108. 899
190 104. 776
191 100. 566
192 100. 566
Satel lite Number
Beam Longi t ude
1 -26. 3132
2 9. 58232
3 15. 9539
4 23.6701
5 34. 5451
6 -13.5936
7 -18. 1569
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. 0081
07899
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. 3818
. 7069
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. 1048
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09785
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. 4291
. 7715
. 3018
. 0941
. 2557
. 9573
. 5111
. 6434
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2638
4944
8609
4209
2519
4679
2544
9648
15768
5783
4622
7544
6646
6242
1294
7821
7378
1375
2359
4896
8274
3223
0457
1014
6620
0864
6082
0044
5721
3942
6006
4420
8861
01486
06061
. 1555

. 01685
. 02090
. 02710
. 03563
. 06668
. 07899
. 09785

09785

9 - ATLANTI C2
Latitude

. 5516
10093
12963
16845
22914
. 8501
. 7069
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2
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11.
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18.
24.
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24.
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9

15.
23.
34.
11.
13.
15.
18.
24.
16.
17.
18.

. 1571
5123

. 3812
0902
6719
0925
2952
97241
07396
. 5903
. 2241

. 97732
. 58708
. 02471
. 24250
. 15972
. 63118
. 36640

34751
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. 69739
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. 14447
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32605
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