NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



P

|

| AATIREX IV C RESEARCH CORPORATION

Publication 1388-01-1-2548

(NASA-CR-165407) THE 30740 GH2Z NB2-13302
COMMUNICATIONS SATELLITE THUNKLNG NETWCRK

STUDY (Ariunc Jlesearch Corp., Annapolis, MNd.)

65 p HC AOQ4/nr A0 CSCL 178 dnclas

G3/32 08557

30/2CG GHz COMMUNICATIONS SATELLITE
TRUNKING NETWORK S7 DY

October 1981

Preparea for
NASA LEWIS RESEARCH CENTER
2100C BRCOKPARD ROAD
CLEVELAND, OHID 44135
under Contract NAS3-22496

|

i



30/20 GHz COMMUNICATIONS SATELLITE
TRUNKING NETWORK STUDY

Oc¢tober 1981

Prepared for

NASA Lewis Research Centex
R1000 Brookpard Road
Cleveland, Ohio 44135

undey Contract NAS3-22496

by
William Kolb

A

ARINC Research Corporation
a Subsidiaru of Aeronautical Radie, Ing.
255) Riva Road
Annapolis, Maryland 21401



e

e

sy -

R

Copyright (:) losl
ARINC Research Corporation
Prepared under Contract NAS3-22496, which
grants to the U.S. Government a license

to use any material in this publication
for Government purposes.



L
|

e p——

s ‘ CONTENTS

R—

EXECUTIVE SUMMARY o =« o + o ¢ o = o s o =

STUDY L] . * . L] . . . L] . L]

1,1 Introduction .+ « o« ¢ « o o« + o
1' 2 Scope . . . . . . L 2 L2 . L] . - L]
1.3 Approach + « o o o + o o o = o

z : CHAPTER TWO: TRAFFIC PROJECTIONS + . « -
2.1 Current Network Demand . . .

s , 2,2 Future Growth « . « « + « « « &
CHAPTER THREE: NETWORK DESIGN . . . . .

3.1 Introduction . . . . . . . . .
3.2 Satellite Network Design . .
3.3 Hybrid Networks . . . . . . .

t ‘ CHAPTER FOUR: ©SYSTEM COST ANALYSIS . , .

1 Introduction .« . « « o« + o « o
2 Terrestrial Systems . . « o + &
3 C- and Ku-Band Satellite Costs

.4 30/20 GHz Satellite Costs . . .
5 Network Cost . « ¢ o « o ¢ o
6 Optimum 30/20 GHz Configuration

CHAPTER FIVE: CONCLUSIONS .+ & -« o« « o o

5.1 General Findings . . . « « . -
5.2 TImplementation . .« . . « « o .

APPENDIX A: TRAFFIC MATRICES « - + .+ .

APPENDIX B: SATELLITE CONFIGURATION MODEL

4
{f% APPENDIX C: FORTKAN LISTING OF COMPUTER MODEL

vii

f PRECEDING PAGE BLANK NOT FILMED

CHAPTER ONE: 30/20 GHZ COMMUNICATIONS SATELLITE TRUNKING

NETWORK



¢
¥

; »%*t-'uh!

EXECUTIVE SUMMARY

It is projected that the domestic satellite communications network will
become saturated between the years 1990 and 2000 unless alternatives are
found to alleviate the burden that growing demand places on the network.
Advanced satellite technology being developed by NASA offers an attractive
solution to this problem.

This report describes a study conducted by ARINC Research Corporation
for NASA Lewis Research Center under Contract NAS3~22496, The:study
examined a number of alternative transmission systems so that it may be
determined where advanced satellite systems can economically compete with
trunking systems that use other technologies. The study considered domestic
intercity voice, data, and video traffic projections for the period 1990
through 2000, Three scenarios were developed, representing three possible
levels of implementation == 2 10-city network, a 20-city network, and a
40-city network. The citigs in each case were selected from the top 275
major metropolitan areas.

The alternative technologies considered for each network included
microwave radio, coaxial cable, fiber-optic cable, combined C- and Ku-band
satellites, and 30/20 GHz satellites. The lowest-cost systems were mixtures
of fiber-optic cable and satellite technology. Table S-1 shows the mix
of these technologies found to be best for each network. On the basis of
cost per video channel mile, a 20-city network was determined to be optimal
in 1990, The 20-city network was particularly well matched to the 1990
design assumptions for 30/20 GHz satellites. The 40-city network, however,
exhibited lower cost per mile using C- and Ku-band satellites. The 20-
city network can also be expanded in the year 2000 tc at least 40 cities,
using 30/20 GHz technology, with no increase in the average cost per channel
mile.

The study considered all inteycity traffic carried more than 40 miles.
In general, traffic less than 500 miles away was found to be better served
by fiber=-optic cable in 1990. By the year 2000, the crossover point would
be down to 200 miles. All traffic beyond 500 miles is more economically
served by satellite. Figure S-1 compares the most economical fiber-optic
routes in 1990 with those in 2000. The competitive pressure of 3Q0/20 GHz
satelliies over this l0-year period would essentially eliminate fiber-optic
cables from consideration in the 10-city network. This emphasizes the need
for long-term facility planning by communications carriers.

- ix
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CHAPTER ONE

430/20 GHZ COMMUNICATIONS SATELLITE TRUNKING NETWORK STUDY

1.1 INTRODUCTION

The ability of the U.S., communications industry to continue to provide
domestic services depends on its ability to meet a rapidly expanding demand
for voice, data, and video services. Current trends indicate that major
new systems must be installed during the next two decades to keep pace with
demand. One promising solution to accommodate this unprecedented growth
is the development of 30/20 GHz satellite communications technslogy.

This report describes a study conducted by ARINC Research to determine
the most logical role for 30/20 GHz technology within the U.S. domestic
marketplace. The study addressed the following major questions:

* What is the projected annual cost* of a 30/20 GHz communications
satellite trunking system in 1990 and 20007

* In view of competing technologies such as microwave radio,
coaxial cable, fiber-optic cable, and C/Ku-band satellites, where
are 30/20 GHz satellites likely to be used?

* On the basis of cost, what is the optimum configuration for a
30/20 GHz satellite trunking system?

1.2 8COPE

The study focused on the growth in telecommunications services between
the years 1980 and 2000 and the alternative technolngies to be used to meet
the projected increase in demand. Traffic demand satisfied by existing
1980 systems was not included, and only that portion of the future demand
which represents a suitable target for satellite transmission was considered.
For the purpose of this study, estimates of voice, data, and video demands
for the busy hour were aggregated and treated as wideband traffic., The
apalysis was limited to three network scenarios ~- configurations comprising
10, 20, and 40 cities. In each instance, these cities were selected from
the top U.S. metropolitan areas on the basis of volume of communications
traffic,

*As used throughout this report, the term "cost" is the actual cost of
providing a service without profit; "price" is the cost to the user.

1-1



Cost projections for catellite and terrestrial networks were based on
advancing technology and quantity buying. The costs of local distribution
tail circuits and central-office switching were not included, because these
costs would be essentially the same regardless of the long-haul transmission
media employed, The study only addressed system costs and did not attempt
to project cost to the user, which may vary substantially depending on the
carrier. All costs shown in this report are in 1980 dollars.

1.3 APPROACH

Several NASA studies have investigated communications media cost trends
and traffic forecasts for i e next two decades. These studies formed the
basis of this analysis; they are referenced wherever they are used. A
number of terrestrial-transmigsion alternatives described in these studies
were compared, and the most cost-effective of these was chosen as the prin-
cipal alternative to a satellite system. In this mannexr, the design of net-
works combining both terrestrial and satellite technologies was simplified.

Estimates of traffic for the years 1990 and 2000 were used to develop
various network configurations so that network costs could be determined,
On the basis of annualized capital and recurring costs, an optimal mix of
terrestrial and satellite technolunies was found.

Figure 1-1 illustrates the general procedure used in conducting the
analysis, The process was repeated for 10-, 20-, and 40-city systems for
the years 1990 and 2000, fThe results were used to determine the most cost-
effective configuration for a 30/20 GHz satellite system.

1-2
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CHAPTER TWO

TRAFFIC PROJECTIONS

To design a communications network, traffic flow and volume must be
specified so that the appropriate number of channels and the size of trans-
mission facilities needed may be determined. The following sections
document the development of tyaffic estimates for this purpose,

2.1 QURRENT NETW%..{ DEMAND

NASA provided three traffic matrices corresponding to 1980 demand
between all pairs of cities Iln the current network (see Appendix A). The
three matrices, representing 10-, 20-, and 40-city networks, were generated
by the Western Union (WU) Market Distribution Model. Table 2-1 presents
some statistics related to these networks. The demand between each city pair
is expressed as a percentage of the total demand among the top 275 U.S.
cities. Although more cilties could have been included, the top 275 account
for almost 85 percent of all intercity traffic.* The remaining intercity
traffic, intracity traffic, and traffic carried less than 40 miles were
excluded from the study as being inappropriate for satellite transmission.

2.2 FUTURE GROWTH

According to the WU report, approximately 88 percent of the 1980 demand
is dedicated to voice services, about 1l percent is used for video services,
and the remaining 1 percent is for data.** The report projected that voice
traffic will increase 9.9 percent annually, video traffic 4.9 percent
annually, and data traffic 17.6 percent annually.t Similar projections by

—————

*Western Union Telegraph Company, 18/30 GHz Fixed Communications System
Service Demand Assessment, Volume II, July 1979, p. 29. This study is
referred to hereafter in this report as WU, '

**Ipid., p. 79.
+Ibid., p. 75. Average annual growth rates from 1980 to 1990,

s
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Table 2-1. CHARACTERISTICS OF 1980 TRAFFIC

10-City | 20~-City | 40-City

Paxamgters Network | Network | Network
Percent of Total Intercity 12.4 24.2 43.0
.Demand Represented#*
Percent of Demand Carried 24,9 33.7° A2adt
up to 500 Miles
Percent of Demand Carried 58,1 60,3 57.1
up to 1,000 Miles *
Average Distance Carried 1,036 1,021 1,154
(Miles)

*Demand among the top 275 cities equals 100 percent.

International Telephone and Telegraph (ITT) are in general agreement, but
are lower because of somewhat different assumptions such as exclusion of all
traffic carried less than 200 miles. The higher projections by WU were used
throughout this study to estimate worst-case network costs, Table 2-2 shows
the busy~hour traffic projected by WU and ITT for the years 1980, 1990, and
2000, (For this study, «ll traffic is expressed in digital eguivalents.*)

Future communications systems neesd not be designed to carry the entire
domestic-traffic demand, because existing systems already serve a significant
portion of the total traffic, The traffic demand assumed in this study is
therefore the difference between current and future traffic estimates, When
these differences are combined with percentages from the traffic matrices,
the projected demand between any city pair may be determined, Table 2-3
shows the derivation of estimated traffic volume for each network under
consideration. The demand thus calculated was used for costing purposes in
the design of each network.

*a full-duplex woice channel is assuned to equal 64 kbps; a typical video
channel is assumed to equal 42 Mbps.
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CHAPTER THREE

NETWORK DESIGN

3.1 INTRODUCTION

Traffic estimates developed in Chapter Two were used to determine the
rumber of channels required between each city pair. This in turn dictated

the size of each transmission facility and the amount of equipment necessary.
This chapter describes the methods used to design each network and the results

of the design effort,

All terrestrial trunking systems were laid out on a fully intercon-
nected airline-mile basis (see Figure 3-1). In practice, however, ter-
restrial systems usually consist of a backbone network with spurs connect-
ing cities not directly on the backbone, as in Figure 3~2. This is a
practical and economical limitation of conventional point-to-point trans-
mission systems. Mileage penalties in a backbone network can amount to
20 percent or more as a result of indirect routes connecting cities. Fur-
thermore, it is accepted practice to overdesign such networks by as much
as 50 to 100 percent so that peak periods and futurz traffic growth may be
accommodated. The result of these design considerations can be a system
with many more miles and channels than at first appears necessary. For
comparative purposes, however, excess capacity and mileage penalties
were excluded from all terrestrial and satellite network designs. The

costis of these systems as they would actually be implemented are there-
fore understated.

To estimate the cost of a fully interconnected terrestrial network,
two factors are needed -- the distance between each city pair and the
traffic between them. The American Telephone and Telegraph (AT&T) V&H
coordinate system was used to obtain the mileage between each pair of
cities, and busy~hour traffic was estimated for each scenarioc from the
totals in Table 2-3 and the percentages in the traffic matrices. Table
3-1 shows the breakdown of traffic demand by distance and the percentage
of total traffic carried by each network studied. A computer program was
employed to simultaneously calculate channel capacity, length, and cost.
The results are presented in Chapter Four.
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Figure 3-1. FULLY INTERCONNECTED TERRESTRIAL NETWORK
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IO T,

g SRR



pE———

YIOEY SIS'T 951" oL ITT T ZSEZT EGLO 0807 - 165°2
66% 1Y SIT°S SYO°ET izeC £92°T1 £I8°1T gos’e - 160°C
¥R "9¢ SET"S $Z1°0T zecz ¥Z0°0T EEQ°T 6507 — 1681
£80°1¢ £0S°9 CES LT ZLE"Z gEE"L o1 o 635”1 - 1661
zes v 9£1°¢C 695°91 1cet ¢ 9L L ZLe e €55°T ~ 166
9%%°CC 66L° T BEL ET IVE5 YGETY TG 668 - 168
LELTOT vie'z 264721 €61°C TL97S TET°C 658 ~ 0L
€98°LT GL6"T S69 5T ££2°0 6YS°F TET G 65L - 109
€681 9L6°T 95L°6 7191 LY £28°T 653 - IGS
L1621 ¥29-°¢ zeite TES T oL e zZe9°G 00s -~ IGh
£62°11 ¥ie'Z 299 £90°C 8LTT GI8"0 GOy ~ I6E
6LE"2 11s°¢ 2LE"Y 97T 299°1 L8171 0oE - 162
goes €512 $IL°€ EVE"T 189°C TEFTC eoZ —- 16T
STL E SZL € £3L°T SSL°T 5587G , £89°6 66T - 6S

(3uBDx35)} . AWMMM\N.mmv aum“unmm,wm%w . awwwwmmw “MMWMMW‘W& kmuﬂ&mw\a’m& S

SATIZIZIDEND parEsd | ®aT3EInamD puE=a SFLTFBINTOD puEESg mwm. i MM W&ﬂ

%zoM358 £3T0-GF Haowasn LIT0-57 yzoyzsn L3T5-01

ZONLTIA A8 QMEHED 51

2EEEL G0 SMOGATESR

“I-£ PraeLl

s e

Bk s

s

e

3=3

w £ _ %
@ pnirrt E Spm—



3.2 SATELLITE NETWORK DESIGN

The total number of earth stations and satellites in any network design

is highly dependent on the dasign assumptions. Reasonable capacity for
operational 30/20 GHz trunking systems for the years 1990 and 2000 was
astimated on the basis of data from several prospective suppliers. The
parameters assumed are believed to be cunservative. Design assumptions for
combined C- and Ku-band satellites were based on technology spin-offs from
the 30/20 GHz program that would permit frequency reuse in these bands.
These assumptions may also prove to be somewhat conservative for 1990 and
2000.

Table 3~2 outlines critical design parameters for the 30/20 GHz satel-
lite. The satellite is presumed to contain spot beams, each of which
illuminates a single ¢ity. The half-duplex capacity of a spot beam was
limited to 500 megabits pexr second (Mbps) in 1990, increasing to 1 gigabit
per second (Gbps) by 2000, These values reprasent a design compromise
between a few very-high-volume cities and many low-volume cities. Trans-
mission rates of up to 2.5 Gbps, however, are theoratically achievable,
based on available bandwidth. An on~board satellite switch capable of
dynamically switching traffic between spot beams was presumed to have an
effective throughput (input plus output) of 12 Ghps in 1990 and 20 Gbps in
2000, The numbeyr of spot beams was fixed at 12 in 1990 and 20 in 2000,

Table 3-2. 30/20 GHZ SATELLITE DESIGN

| ASSUMPTIONS
Foature 1990 | 2000
Number of Spot Beams 12 20
Capacity of Bach 0.5 Gbps 1.0 Gbps
Spot Beam
Satellite Throughput 12.0 Gbps 20.0 Gbps

In this study, combined C- and Ku-band satellites were assumed to
obtain the maximum possible throughput for a satellite. C/Ku-band satel-
lites were presumed to have two area beams capable of geographically
dividing the United States so that the same frequency could be reused.
Highly directional eparth-station antennas using cross=polarization would
reduce interference with other satellites using the same frequencies. Aan
cn~board switch capable of dynamic¢ switching between beams would also be
required. No significant improvements in C~ and Ku-band satellite capacity
between 1990 and 2000 was projected because of the limited bandwidth avail-
able. Table 3-3 lists the characteristics assumed for C/Ku-band satellites;
thée half-duplex capacity of each C- and Ku-band area beam was limited to
1 Ghps, based on bandwidth limitations.

3-4
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Table 3~3. C- AND KU-BAND SATELLITE
DESIGN ASSUMPTIONS
Feature nggognd
Transponders (42 Mbps each) 48
Area Beams 2
Beam Capacity 1 Gbps
Satellite Throughput 4 Gbps

A computer model was employed to determine how many satellites and earth
stations would be required for each network. The model assigned cities to a
given matellite until the switch capacity was exceeded. No more than one beam
per satellite was permitted to cover a given city to eliminate interference,
and beam capacities were not allowed to exceed the limits shown in Tables
3-2 and 3-3. For the beam assignments, it was assumed that half the traffic
between each city pair originated in one city and half originated in the
other. The model was exercised in such a way as to derive a near-optimal
assignment of cities to satellites. In most cases it tended to minimize
the number of satellites and earth stations required. A more detailed dis-
cussion of the computer model is contained in Appendix B, and Appendix C is
a FORTRAN listing of the model.

Table 3-9 illustrates how typical assignments were made for both C/Ku-
band and 30/20 GHz satellites, Table 3-5 shows the number of satellites and
earth stations required for each network. With one exception, the number of
satellites and earth stations is less when 30/20 GHz technology is used.

The difference is most pronounced in the year 2000, when projected traffic
volume is highest. Barth stations were classified according to capacity,
with the smallest station given an arbitrary transmission rate of 125 Mbps.

IT? estimated the maximum number of C- and Ku~band satellites to be
32, on the basis of three-degree spacing to limit interference and the
necessity for sharing the orbital arce with other western hemisphere nations.*
Under these assumptions, it would appear that C/Ku-band systems alone will
he inadeguate for the 20- and 40~city networks in the year 2000. The
increased capacity of 30/20 GHz satellites will therefore be extremely impor-
tant as the spectrum becomes more crowded.

3.3 HYBRID NETWORKS

In general, terrestrial networks are more cost-effective at shorter
distances than are satellites, which are insensitive to distance. A certain
combination of terrestrial and satellite technologies can thus lead to lower

*ITT, p. 247.
3-5
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overall system costs than either technology alone. To derive the optimal
hybrid network consisting of both technologies, several computer runs for
each network were made, excluding various city pairs closer together than

a given mileage. Separate satellite networks were designed for various
distances. These configurations are shown in Table 3-6. Traffic that was
not included within a given mileage area is carried by a terrestrial system.

Table 3-6, 30/20 GHZ SATELLITE NETWORK CONFIGURATIONS

Nunber of | . | Numbar of Humber of Earth Stations Total Number of | Percent of *rcztal
Cities 4 Batellites 125 Mbps { 250 Mbps [ 500 Mbps l,l'°°° Mops Earth statf?na Demand Carried

0 to 3,000 Miles

ie 1990 & 8 8 27 N/A 43 100,0
10 2000 11 5 9 10 17 41 100,0
20 1990 9 23 30 48 /A 101 100,0
20 2000 16 18 21 53 33 125 100,0
40 1990 33 260 67 59 N/A 386 100,0
40, 2000 21 54 87 94 56 291 . 100,0
200 to 3,000 Miles
10 1990 6 B 7 25 N/A 40 96,1
10 2000 10 6 8 8 15 37 v 96,1
20 1990 8 20 al 38 N/A 89 87,1
20 2000 12 17 14 49 29 109 87.1
40 1990 28 227 54 53 N/A 334 86,4
40 2000 18 62 101 63 43 269 B6.4
500 to 3,000 Miles
10 1990 5 9 5 20 N/A 34 75.1
10 2000 B 4 3 10 12 29 75.1
20 1990 6 23 21 b1/ N/A 72 66,3
20 2000 10 9 14 34 24 81 66,3
40 1990 25 212 41 37 N/4 290 67,6
40 2000 1M [°x] 53 63 35 214 67.6
BOO to 3,000 Miles
10 1990 4 5 10 10 N/A 25 46,0
10 2000 7 3 |} 9 10 27 46,0
20 1990 6 26 17 18 N/A 61 47.0
20 2000 10 14 19 25 16 74 47.0
40 1990 20 179 36 24 N/ 239 51.8
40 2000 13 36 47 68 26 177 51.8
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CHAPTER FQOUR

SYSTEM COST ANALYSIS .

4.1 INTRODUCTION

This section describes how costs were developed for various competing
terrestrial and satellite communications technologies. The most economical
terrestrial technology was combined with a satellite system to determine
the least-expensive combination. Throughout, satellite earth stations were
assumed to be collocated with major telephone company switching centers.
Neither the wideband channel equipment required to connect with-'the terres-—
trial switched network nor the terrestrial tail circuits were included in
any of the cost comparisons. These costs would be essentially the same
regardless of the long-haul transmission media used.

4.2 TERRESTRIAL SYSTEMS

Primary candidates for wideband terrestrial channels of the future
include microwave radio, coaxial cables, and fiber-optic cables. An in-
depth analysis of the costs associated with each of these is presented in
the ITT report and summarized in Table 4-1. The costs shown for each trans-
mis<gion medium include installation, depreciation, maintenance, real estate,
and administration. The ITT analysis is based on the probable mix of analog
and digital technology over the next two detades for both long-haul and
short-haul channels using 90 Mbps facilities. These projections provide a
reasonable base for the current study and are consistent with our expectations.

The leant expensive wideband transmission medium in 1980 is microwave
radio. By the end of the decade, however, it is projected that fiber-optic
cable costs will fall below both radio and coaxial cable and will remain
there. Fiker-optic systems were therefore selected as the most cost-uffective
terrestrial technology to be combined with a satellite system. No further
consideration was given to the use of radio or coaxial cable in the current
study, since both result in greater terrestrial network costs than does
fiber-optic cable.

Fiber-optic cost can be estimated on the basis of video channel mile
from data in the ITT study. Table 4-2 shows the variation in cost. For
mileages not contained in the table, the following relationship was devised:

Annual cost per mile in 1976 = 7,250 o 0.3 (1)

4~1



Table 4-1. ANNUAL RECURRING COSTS
PER TERRESTRIAL VIDEO
CHANNEL MILE (DOLLARS)
, 50-Mile 500-Mile
! J -
Facility Circuit* | Circuitww
1980 .
Microwave Radio 1,392 704
Coaxial Cable 1,495 1,034
Fiber-Optic Cable 1,960 993
1990
Microwave Radio 1,214 615
Coaxial Cable 1,413 954
Fiber-Optic Cable 1,140 552
2000
Microwave Radio 1,203 612
Coaxial Cable 1,376 888
Fiber-Optic Cable 1,128 541
*ITT, p. 241,
**ITT, p. 230. (A conversion factor of
1.346 was applied to ITT total
weighted costs to obtain 198Q dollavs.)

where
m = miles

This formula, which was obtained using standard curve-fitting techniques,

is especially suitable for distances greater than 40 miles. The cost per

mile is expected to decline significantly for longer circuits as costs of

system engineering, maintenance, and fiber production are distributed over
more miles.

The ITT study also shows how fiber-cptics are expected to decline in

cost as the technology matures. fTable 4-3 illustrates the leveling-off
expected by 1990 and the almost constant cost thereafter. If the annual
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Taple¢. 4-2. FIBER~QPTIC COSTS
PER VIDEO CHANNEL
MILE IN 1976*

m
. 4

o Distance Annual Cost per Video

% (Miles) Channel Mile (Dollars)
1 7:100

» 10 3,646 ‘
o 20 3,206
; 30 2,863
; . 50 2,256
500%* 1,124

*ITT, p. 235.
*FITT, p. 227. (Converted to
1980 dcllars,)

, Table 4~3. DECLINE IN FIBER-
i OPTIC COSTS WITH

TIME
i ' Year Cost per vVideo Channel
R Mile (Dollars)*
1976 21256**
1980 1,960%
g : 2000 1,128t

*Based oh a 50-mile circuit.

P *XTTT, p. 239,

+ITT, p. 241. (Converted to
1980 dollars.)

cost is assumed to be constant after 1990, the cost per wvideo charnnel mile

i : from 1990 to 2000 can be estimated from formula 1, as follows:

P Annual cost of a fiber-optic

i circuit after 1990 = (dollars per mile in 1976) (number
of miles) (ratio of average cost

after 1990 to cost in 1976)

i = (7,250 n7°*3) (m) (3124) (2)
, 2256

i" = 4,105 m°*’

' 4-3



This relationship is based on a 90-Mbps full-duplex system and was used to
estimate all terrestrial network costs in this study. The cost computed
from formula 2 was linearly scaled for bhoth higher- and lower-capacity
fiber~optic channels.

Although fiber-optic costs were used as the basis for comparison with
satellites, the difference between fiber-optic and microwave radio costs
was not great. As shown in Table 4~4, the results of this study apply
almosi equally well if terrestial radio systems are substituted for fibex-
optius,

Table 4-4. COMPARISON OF FIBER-OPTIC
AND MICROWAVE RADIO COSTS
(COST PER VIDEO CHANNEL
MILE)

Length of 1990 1990
Circuit Fiber-Optic Microwave
(Miles) Costs Radio Costs

50 51,140 $1,214
500 $ B5% $ 615

4.3 C- AND KU~BAND SATELLITE COSTS

Combined C- and Ku-band satellites being developed will have twice the
capacity of an existing C-band satellite. Technology spin-offs from the
30/20 GHz program will further increase the capacity of C/Ku-band satellites.
Thus a future C/Ku-band satellite using cross-polarized dual beams and an
on~board switch could have a throughput capacity approaching 4 Gbps. Dual
beams would be used to cover nonoverlapping geographical areas, permitting
the reuse of frequeucies; cross-polarization would minimize interference
bet,ween beams. It is probable that by 1990 many transponder bandwidths
and satellite capacities will exist. To simplify the current study, how-
ever, it was assumed that transponders with a usable bandwidth of about 42
Mbps would be ¢ommon. Each satellite would carry 48 such transponders.
Tracking, telemetry, and control facilities were assumed to be collocated
with an earth gtation. On the basis of current industry experiernce with
the INTELSAT series, it is estimated that a combined C- and Ku-band satellite
would cost approximately $50 million. Table 4-5 ghows the development of
total on-orbit costs. No significant change in cost was projected between
1990 and 2000.

Earth-station costs would depend to some extent on capacity. Four
stations of different sizes were therefore assumed -- a 125-Mbps station
(with a 3-transponder capability), a 250-Mbps statica (6 transponders), a
500-Mbps station (12 transponders), and a 1,000-Mbps station (24 transpon-
ders). Figure 4-1 shows . typical C/Kuwband earth-station configuration.
Earth-station costs were based on probable decreases in cost resulting from
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Table 4-5., COMBINED C~ AND KU~BAND SATELLITE COSTS
1990 Cost
cost Element (Millions of Dollars)

Satellite (48 transponders) 50
Parformance Fee 10
Shuttle Launch 30
Upper Stage 20
Insurance 12
Total 122

Annual Cost (l0-year life) 12.2
Tracking, Telemetry, and Control ' 0.5
Total Annual Cost 12,7

advancing technology and quantity manufacturing. Earth-station specifica-
tions were based on current practices of communications carriers in the C-

band. Table 4~6 shows how the cost estimates for C/Ku-band earth stations
were developed,

Building and shelter cogts increase somewhat faster than inflation.
This has historically been the case when buildings and shelters are located
within a major metropolitan area. High-power amplifiers (HPAs) were assumed
to be the largest available. For Time Division Multiple Access (TDMA)
operation, the trade-off between signal~to-nepise and power would not sub-
stantially affect the cost.

One of the most expensive earth-station components is the TDMA burst
modem. The current cost is about $35 #housand for a burst rate of 70 Mbps.
By 1990, technology and volume are cxpected to reduce the price to about
$75 thousand, One burst modem is required for cach transponder with which
che ecarth station must communicate. Channel units and port cards to inter-
face baseband signals with these modems were not included in the cost
estimate, Although their costs are fairly significant, they would be
approximately the same for terrestrial and satellite systems &like. Other
hardware costs were determined on the basis of current prices and our
gxpectation of future reductions as a result of sguantity buying and advanc-
ing technology. Operations and maintenance costs were based on coverage of
24 hours per day, with an average of two people per shift in three shifts.
An average annual salary of $35 thousand was assumed, with 40 percent added
for leave, holidays, and fringe benefits. Spares and inventory were 10
percent of annual capital costs. A general and administrative expense
equal u» 20 percent of the annual operating costs was included to cover
management, engineering, services, accounting, and billing.

4-5
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4.4 30/20 GHZ SATELLITE COSTS

By the end of the decade, 30/20 GHz communications technology probably
will have advanced to the point that an operational trunking system will be
practical., The large uncertainty in 30/20 GHz satellite and earth-station
cost estimates 10 years hence must be recognized. In most cases, conserva-
tive figures have been used so that costs would not be underestimated.

A 1l2-beam TDMA satellite configuration with on-bdard switching was
assumed to be feasible in 1990. An input/output switching rate of 6 Gbps
was presumed, for a total satellite throughput of 12 Gbps. To simplify
the analysis, it was assumed that each spot beam on the satellite would
illuminate a single city and have a usable bandwidth of 500 Mbps. By the
year 2000, technology will have advanced enough to support 20-beam satel-
lites with a switch throughput of 20 Gbps. Each spot beam in this scenario
would have a usable bandwidth of 1,000 Mbps. (Rates of up to 2,500 Mbps
are theoretically achievable, based on the bandwidth allocated to these
frequencies.) Tracking, telemetry, and control facilities were assumed to
be collocated with an earth station. Table 4-7 shows the development of
30/20 GHz satellite costs, Advancing technology is expected to produce
satellites with a useful life of 10 years.

Table 4-7. 30/20 GHZ SATELLITE COSTS
Characteristics and
Cost Elements 1390 2000
Characteristic
Number of Spot Beams 12 20
Beam Capacity 500 Mbps | 1,000 Mbps
Switch Throughput 12 Gbps 20 Gbps
Cost Element (Millioﬁs of Dollars)
Satellite 53 63
Performance Fee X 10 12
Shuttle Launch 30 ¢ 30
Upper Stage 20 20
Ingurance 12 12
Total 125 137
Annual Cost (l0-year life) 12.5 13.7
. Tracking, Telemetry, and Control 0.8 0.8
Total Annual Cost | 13.3 14.5
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30/20 GHz TDMA trunking earth stations (such as that shown in Figure
4-2) require terminal diversity. Use of TDMA offers greater savings in a
large trunking system when compared with Frequency Division Multiple Access
(FDMA) . Each earth station would be backed up by a remotely operated diver-
sity terminal tc overcome path fade caused by heavy rain. An interconnect-
ing microwave (or fiber-optic) 1link with relay and control equipment would
be used to connect the main station with its diversity site. The cost of
this equipment was derived on the basis of data obtained from a Ford Aero-
space study.* At the frequencies used in this system, adequate gain can be
achieved with smaller antennas. An eight-meter parabolic dish would provide
sufficient gain for most earth stations; this was assumed for costing
purposes.

It was assumed that each earth station would access a single wideband
transponder on the satellite. Therefore, a single, high-burst-rate modem
was sufficient for each earth station. Computations for operations and
maintenance costs were based on coverage of 24 hours a day, with an average
of two people per shift in three shifts. An average satary of $35 thousand
was assumed, with 40 percent added for leave, holidays, and fringe benefits.
Maintenance costs were 10 percent of annual capital costs, and general and
administrative costs of 20 percent were included to cover management,
engineering, services, accounting, and billing.

Table 4-8 shows the development of costs for 30/20 GHz earth stations
for the years 1990 and 2000; price breaks for quantity and advancing
technology are assumed.

4.5 NETWORK COST

The quantities in Table 3-5 may be used to estimate total costs in
comparing satellite systems. Table 4=9 compares 30/20 GHz and combined
C/Ku-band satellite networks. Both the 10- and 20-city networks were less
costly with a 30/20 GHz system in 1990. The 40-city system could not be
satisfactorily served with 30/20 GHz satellites because of the large demand
carried and the limited capacity assumed in 1990. The situation in 2000,
however, is completely different because of greater traffic volume and
improvements in 30/20 GHz technology; here it is possible to cut annual
costs by 49 to A8 percent in all cases.

A common-carrier system in 1990 or 2000 is likely to be a combination
of terrestrial and satellite technologies. To determine the best mix of
technologies from an economic point of view, various combinations of ter-
restrial and satellite technologies were considered. The terrestrial
technology used in each case was fiber-optic cable.

Table 4-10 shows the annual cost when various portions of a given net~-
work are served by fiber-optic cable. These costs are based on the number
of video channel miles required and the cost-estimating relationship

*Ford Aerospace and Communications Corporation, Concepts for 18/30 GHz
Satellite Communication System Study, Volume 1, November 1979, p. 3.4-5.
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Table 4~9. COMPARISON OF 30/20 GHZ AND C/KU-BAND
SATELLITE NETWORKS (MILLIONS OF
DOLLARS)
Number of 1990 Annual Cost 2000 Annual Cost
citles | 30,20 GHz | c/Ku Band | 30/20 GHz | ¢/Ku Band
10 104.8 110,2 182.8 359.7
20 178,0 243.5 302.6 743,8
40 655.5 514.7 467.7 1,452.3

developed in Section 4.2. The remainder of each néetwork is served using
the least-expensive satellite technology. Satellite subsystem costs were
computed from the gquantities in Table 3-6 and the unit costs in Tables 4-7
and 4-8. The total system cost for each configuration was estimated by
adding the cost of the fiber-optic subsystem to the cost of the satellite
subsystem. These totals are shown in Table 4-11. A close look at the
table reveals that there is an optimum combination of fiber-optic cable
and satelilite that results in minimum system cost. The crossover point in
miles between fiber-optic cable and satellite that minimizes cost is high-
lighted in Table 4-11 for each scenario.

In general, 1990 traffic would be best served if all channels up to
500 miles in length were placed on fiber-optic cable. Because of the
assumed limited capacity of satellites in 1990, the one exception would be
the 40-city network, which would be more economically served if satellite
channels less than 800 miles in length were omitted. 1In the year 2000,
all channels less than 200 miles long should be placed in fiber-optic cable.
The decline in economical fiber-optic routes due to competing satellite
technolugy is illustrated in Figure 4-3. Channels installed in 1990 would
not be economically competitive by 2000. This presents a dilemma if fiber-
optic cables have already been drawn 500 miles to meet 1990 demand. Ob-
viously, long-range planning is required for any large-scale trunking sys-
tem using advanced technology.

4.6 OPTIMUM 30/20 GHZ CONFIGURATION

To obtain a comparison of the 10-, 20-, and 40-city networks shown in
Table 4-11, the average cost per channel mile was computed. Table 4-12
compares these networks on the basis of video channel mile.

When costs of hybrid systems are compared with costs of terrestrial
systems per video channel mile as in Table 4-1, it is apparent that satel-
lites are capable of reducing overall network costs. Extensive use of
satellite trunking systems in 1990, for example, could cut the average cost
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Table 4-11. OPTIMAL MIX OF FIBER-OPTIC AND SATELLITE TECHNOLOGY

Number of vear Total Annual System Cost (Millions of Dollars)

citi
LLes ax 0 to 200* | 0 to 500% | 0 to BOO* | O to 3,000%
10 1990 | 104.8 104.8 102.2 | 116, 2 155.7
10 2000 | 182.8 || 172.5 | 190.1 292.5 562.4
20 1990 | 178.0 165, 2 | 157.1 | 192,3 275.2
20 2000 | 302.6 || 262.7 | 321.0 467.6 993.9
40 1990 | 514.7 469, 2 423.4 496, 3
40 2000 | 467.7 || _456.7 | 534.3 " 723.4 1,792.3

*Number of miles in fiber-optie cable.

Note: Numbers in boxes represent the lowest cost for a given natwork.

of a video channel in half, By the year 2000, the average cost of a satel-
lite video channel would be about one-fifth that of the best terrestrial
transmission system.

In 1920, the lowest cost per mile would be achieved by a 20-city net-
work using 30/20 GHz satellites and fiber-optics. The cost per video
channel mile would be significantly greater for the 10—~ and 40-city networks,
where C/Ku-band satellites were preferred. The best possible network might
comprise more or less than 20 cities. The exact number could not be easily
determined from the available traffic matrices, however.

By the year 2000, the averaye cost per video channel mile in Table
4-12 would be less than half the 1990 cost. As more cities were added to
the network; the cost per mile would decline. Going from a 1l0-city to a
20-city configuration would produce a decrease of 1l percent in the cost
per mile; going from 20 to 40 cities would result in a further decrease of
only 3.6 percent. Although there is a downward trend, there appears to be
a diminishing return on investment if network size is increased much beyond
20 cities. Nevertheless, at least 20 new cities could be added without
increasing the average cost per mile. An even wider implementation would
be possible if the estimates for 30/20 GHz favilities used in this study
proved to be high.

The best implementation strategy would be to design a 20-city network
in 1990 using 30/20 GHz satellites. FPiber-optic cables should be limited
to 200 miles, with existing C/Ku-band technology picking up the difference.
As C/Ku-band satellites reach the end of their service life, they could be
replaced by 30/20 GHz satellites to increase spectrum utilization. Addi~
tional cities could be added if actual 30/20 GHz costs proved to be more
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Figqure 4-3. COMPARISON OF FIBER-OPTIC CABLE ROUTES IN 1990
AND 2000 FOR A 10-CITY NETWORK
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favorable than the estimates. 1In the final analysis, however, the actual
market will be the prime determinant of how much and in what cities 30/20
GHz communications systems are implemented.
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CHAPTER FIVE

CONCLUSIONS

5.1 GENERAL FINDINGS

Long~haul communications traffic can be expected to increase five- or
six~fold over the next two decades, This demand must be met without
requiring capital expenditures five to six times greater than the costs of
existing plants and facilities. Advanced fiber-optic and satellite systems
are key candidates for these future networks.

On the basis of estimated costs, advanced satellites offer the most
cogt-effective Weans of providing communication for distances greater than
200 to 500 miles. The lovest-cost network in all cases studied was a
mixture of fiber-optic and satellite technologies. Distances of a few
hundred miles were shown t~ Lbe more economically served by fiber-optics,
while greater distances were better served by satellite, Costs of terrestrial
microwave radio and fiber-optics were not found to be significantly dif-
ferent., Thus, if microwave radio were substituted for fiber-optics, the
cost advantage of satellites would be about the same. In two of the 1990
scenarics, 30/20 GHz satellites were superior to C/Ku-band systems. 30/20
GHZz satellites also were decidedly better for the 10~ and 20-city networks
in 1990 and for all networks in 2000,

The average cost per video channel mile was used to rate each network.
The lowest projected cost per mile in 1990 was achieved with 30/20 GHz
satellites in a 20~-city configuration. 1In the year 2000, the projected cost
per video c¢hannel mile decreased as more cities were added to the network.
The greatest reduction in cost per mile occurred between 10 cities and 20
cities; a much smaller reduction resulted when the network was increased
from 20 cities to 40 cities. On the basis of cost per mile, the optimal
30/20 GHz satellite system would be a 20-city network in 1990. As traffic
demand increases, additional cities should be added in the year 2000 to
further reduce costs.

If satellite system costs prove to be lower than the values estimated,
greater network savings could be achieved, and the crossover mileage between
fiber-optics and satellites wculd decrease. Sume improvement in the costs
of satellite systems can also be obtained by =mploying the optimal assign-
ment of cities to each satellite. Test runs have shown that optimizing should
reduce the number of satellites and earth stations akout 10 percent by




utilizing these facilities as efficiently as possible. Substantial savings
may also be possible by collocating earth stations in each city. A sub-
stantial part of the recurring earth-station cost is personnel required to
operate and maintain the earth station (see Tables 4~6 and 4-8). The great~-
est benefit of consolidating earth stations would be a reduction in total
personnel required. A disadvantage of collocation is that the satellite
antennas would probably have to be remote from the central office.

5.2 IMPLEMENTATION

The study emphasizes the need for long-range network planning. In
1990, fiber-optics would be desirable for channels up to 500 miles in length.
In 2000, however, fibur~optics would be economical only up to about 200
miles., If fiber-optic cables with an estimated life of 33 years were in-
stalled in 1990 to minimize network costs, the introduction of less expensive
technology during the following decade would be glowed down.

The 30/20 GHz network implementation suggested for 1990 would serve
the top 20 U,8. citles, Cities further apart than 200 miles would send all
traffic via satellite. 'The cost per video channel mile in this case would
be $255 -- slightly higher than the minimum cost of $243, which ocours with
a 500-mile crossover. This difference is offset in the year 2000, when the
cost per mile would be $112 with a 200~mile crossover, rather than $137
per mile at 500 miles. The same 20-city network with additional satellites
and earth stations would be near optimal in the year 2000. Other cities
could be added in response to demand, however, resulting in further improve-
ments in the cost per video channel nmile,

A large question still remains regarding traffic that is not included
in the 20~city satellite network. Table 2-3 shows that a 20-city system
carries only %6.4 Gbps out of a total 398.3 Gbps offered in the busy hour.,
None¢ of the networks considered in this study, however, were designed to
carry the full intercity demand; the larwest of the 40-city networks would
carry no more than 43 percent of the total demand. In an actual network,
it is probable that most of this traffic would be carried at least partially
by a terrestrisal system., If vory long distances were involved, the traffic
might be routed through the nearest cities served by satellite. This should
ultimately decrease the cost per video channel mile carried by satellite.

f 2t

wmany
. -y




e p———c

o, S

et Ttz

it

stz S

e

S S

e S

APPENDIX &

TRAFFIC MATRICES

The tables in this appendix were furnished by NASA Lewis Research Center
for use in the satellite trunking system analysis. The matrices contain the
voice, data, and video traffic between each city pair for 1.0-, 29~, and 40~
city networks. The numbers represent percentages of total intercity traffic
between the top 275 standard metropolitan statistical areas. These data were
compiled by Western Union Telegraph Company undex sgparate contract with NASA.
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APPENDIX B

SATELLITE CONFIGURATION MODEL

s

This appendix describes a computer model used to estimate the number of
satellites and earth stations reguired for each scenario.

Inputs to the model consist of (1) the number of spot beams per satel-~
lite, (2) the maximum capacity of a spot beam (one direction), and (3) half
of the satellite switch throughput. Aall data rates are expressed as a
percentage to minimize the number of conversions required in the program.
The relationship used for this purpose is:

Beam or switch capacity (Gbps)
Total busy-hour traffic (Gbps)

The model begins by reading the demand between the first two cities in
the traffic matrix. It then determines if any spot beams on the first satel-
lite are assigned to either of the cities =r if there are any unassigned
beams on the satellite. If not, each subseguent sutellite is checked until
either a match can be found or it is determined that a new satellite must be
added to the system. Once the assignment is made, half of the traffic is
assigned to the spot beam for the first city; the other half is assumed to
originate in the second city and is assigned to its spot beam.

If demand exceeds the capacity remaining on either spot beam, the model
fills the beam and searches for a new satellite to carry the excess traffic.
The model simultaneously determines when the on~board switch capacity has
been reached and routes all subsequent traffic to a different satellite.

After all demand has been satisfied, the total number of satellites
reguired is tallied. The number of earth stations required is equal to
the total number of spot beams assigned. Figure B~1 illustrates the general
flow of the model. 'Table B-1 shows an example of the way 1990 traffic was
assigned in the 1l0-city network.

The same model, with slight modification, was also used to design C-
and Ku-band satellite systems. No restriction was placed on the amount of
traffic to any particular city, but the total demand carried by the satel-
lite was not permitted to exceed a specified throughput. The number of
earth stations required was computed from the total number of all ¢ities
served by all satellites.
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Sansitivity runs were performed to determine if the order in which
cities were assigned to satellites affected the number of satellites and
earth stations required., Three methods were tried: (1) city pairs in
oxder of highest demand to lowest demand, (2) city pairs in order of lowast
demand to highest demand, and (3) cities in order of highest demand to
lowast demand. In most cases, the difference betwaen methods 1 and 3 was
not large. Method 2 was clearly less efficient than the others. It is
apparent from the examples in Table B-2, however, that optimizing efforts
can have a significant and unpredictable impact on satellite system design.

A complete FORTRAN IV listing of the model is included at the end of
this appendix. The program was developed and run on PDP 11/34,
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EE OF EARTH STATIONS AND SAYELLITES
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Table B-l, ANALYSIS OF A 10-CITY 30/20 GHZ SATELLITE
CONFIGURATION (1990)
Spot. Beam Satellitée Number
Numbeay 1 2 3 4 5 6
1
city NYC* NYO NYC NYC NYC NYC
2
City LAX LAX CHI DET HOU BOS
Utilization | 1.00 | 1.00 | 1.00 | 0.14 0.09 | 0.25
3
City CH1 CHI PHL SFFO WwDC DAL
Utilization | 1.00 ] 1.00 | 0.58 | 0.42 0.35 0,38
4
City PHL PHL DET HOU ' BOS —
Utilization | 1.00 | 0.79 | 0.35 | 0.7L | 0.56
5
City DET | DET | LAX | LAX LAX .
geilization § 0.99 | 0,25 | 1.00 | 1.00 | 0.2
6
City SFO | SFO | SFO | WDC | DAL .
Utilization 1.00 [ 0.z4 0.30 | 0.55 0,21
-
City HOU BOS Hou BOS —— _—
Utilization | 0.73 0.19 | 0.25 | 0.69
8
City WDC DAL . DAL . .
Utilization | 0.68 | 0,16 0.38
9
city BOS o — CHI o .
Utilization 0.74 0.89
10
City DAL - — . o o
Utilization 0.56
*NYC = New York City SFO = San Francisco
ILaX = Los Angeles HOU = Houston
CHI = Chicago WDC = Washington, D.C.
PHL = Philadelphia BOS = Boston
DET = Detroit DAL = Dallas
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APPENDIX ¢

FORTRAN LISTING OF COMPUTER MODEL |,
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GINAL PAGE 13
g'mmg QUALITY

PROGRAM EARSTA

THE PROGRAM EARSTA DETERMINES THE HUMBER OF SATELLITES AND
EARTH STATIONS REQUIRED AS DICTATED BY DEMAND FOR COMMUNY -
CATION LINES,

ADECLARE VARIABLES

INTEGER NCITYsFIRST:TNSAT TREAMS BEANS» YEARYEXCEED BIISTIS)
INTEGER VERT (A0) sHORZ(A0) 1+ CITAC780) yCITH(780) 9y COUNY

REOL CITIES(780) »SATELL(100040)CAPAC BEMANDY RECAFAYRECARE
REAL SATLIMy SATUSE,DIST(780) yBFILL(692) 1 LMILES,LIMITY

LOGICALYL SFILEC146)yANSy SORYyFIVE

DATA SFILE/Z/S v/ 9’0 g/t 0/ Ky s 0/DV 0 "0y /T 1000/

DATA CITA/780¥0/9CITR/780%0/yDNIST/780%0,0/ySATELL/A000%0,0/
PATA LHILES/0.0/LIMIT/0,0/FERCNT/0,0/9FCNTHI/ 0,0/

IHaTa BOIST/S5%0/ 3 BFILL/0,0000090,00058¢0,0011320.00227,0,00453y
+ 04,009071+0,00000¢0,0001£70,00031¢0,000563+0,0012690.,00251/

WRITECLy X)) /wmommones EARTH STATION-SATELLITE DETERMINATIGN-=-memee-!
WRITE (Lo %) ¢ ¢

WRITEC(L¥) ¢/

WEITE(Lok) ‘ENTER NAME OF CITY MATR MATRIX TO BE EVALUATED!’
READ(191001) (SFILE(L)yI=5Gy10)

WRITE(L,%) 7 ¢

WRITEC(Ls¥) “YEAR IN WHICH EVALUATION I8 TO TAKE FLACET/
READ(Ly%) YEAR
WELTE(L %) 7 ¢

H=0

IF (YEAR (EQ, 1970) M =
IF (VEAR (EQ. 2000) M =
IF (M JHE, 0) GO T0O 1
URITE(Ly¥) ‘INVALID YEAR, VALID YEARS ARE 1990 AND 2000,
WRITECLe k) ¢

GO TO 4

WEITE(Ly %) ‘HUMBER OF BEAMS AVATLABLE FER SATELLITE?/

KEADCLo k) NBEAMS

WEITE(LyX) ¢/

IF (MBEANS JLE, 20) GO TO 2

WHITE(L k) ‘PROGRAM ALLOWS FOR A MAXIHUN OF 20 BEAMS’

GO TO 2

WRITECLy k) "CAPACLTY FER REAM?’

READCLX) CAPAC

WRITECL %) 7 ¢

SATLIN = HREAMSY¥LAPAC IMAYIHUM SATELLITE CAPACITY
WRITEL Ly %) 7DD YOU WISH TO SPECIFY A SATELLITE CAPACITY LIMNIT?’
REAINC1:,1001) ANS

WRITECIs#) 7 7

IF (ANS JHNE. ’Y’) GO 70 3

VWRITECL ¥) YENTER CAPACITY LIMIT LESS THAM DR E0UAL TO’SATLINM
READ (Lo %) SATLIN

WRITEC(L¥) © 7

WRITECLy k) ‘DO YOU WISKH TO SO0RT THE CITY FAIR MATRIX ACCORDING'
WRITE(Ly¥) /T0 TRAFFIC LOADT’

REAL(1,1001) SORT

WRITE (L% 7

URITE(LoX) 00 YOU WISH TO IMFOSE A LINIT ON TRANSMISSION LINEG?'
READ(1,1001) FIVE

WRITEC(1s %)Y 4

IF (FIVE JME, ‘Y’) GO TO 11t

WRITE(1s%) “ENTERf DESIRED TRANSMISSION DISTANCE LIMIT, USING
URITE(Ly %) ‘DECIMAL FOINT (E.Gs 500437

READCL XY LINIY

WRITEC(L2 %> 7/

1
a

REAMS = NBEAMS&2
EXCEEDR = O

XOFEN INFUT FILE AND READ DATH
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OPEN(UNIT=2s NANE=SF ILE» TYPE=/OLD/ y READONLY» ERR=901)

READ(2,1C02) NCITY

COUNYT = NCITYX(NCITY~1)/2

N =1

Do 25 @ = 1y HCITY
REAB(2,1003)

IF (1 JEQ. NCITY) GO TO 22

po 20 J = I4+1e NCITY
READ(2,1004) CITIES(N)
CITA(N) = [
CITE(N) = J

ICITY NAME HOT USEDR IN ANALYSIS

IELEE ~
20 CONTINUE .
2 READC291005) VERT (1) sHORZ(1)

25 CONTINUE
¢
“

o= g
o 27 1 = 1y NOITY-1
Vi = FLOAT(VERT(I))
Hi = FLDATC(HORZCI))
10 26 J = I+le NCITY
V2 = FLOAT(VERT(J))
H2 = FLOAT(HORZ(JY))
Vo = (V1-0U2)%%k2
HO = (HL-H2IWA2

¢ KCOMPUTE DIGTANCE BETUWEEN CITY PAIRS

DISTNY = SORT((YO 4 HOI/1G.)

No N+ 1
26 CONTINUE
27 CONT IIUE

G

G ¥SORT MATRIX A8 REQUIRED

C
IF (SORT JNE. ‘Y’) GO TO 28

WRITECLy %) ‘00 yOU WISH TO DO A FORWARD (MAX TO HIN) OF A REAR’
WRITECL ¥) 7(MIN TO MAY) SORTT’
WRITECLe¥) ‘ENTER 1 FOR FORUARDy O FOR REAR’

REALICL 4) L
WRITEC(L%) 7

CLESS1 = COUNT - |
10 8 1 = 1y CLESST
TPLUSYL = 1 4 1
no 7 J o= IPLUGSLy COUNT
IF (L JEQ, 1) GO TO O

IF (CITIES(I) JLT. CITIES())) GO TO 7

GO TO &

@

>

TEMFPL = CITIES(ID)
CITIESCI) = CITIES(S)
CITIES(J) = TEMF)
TENPR = DIST(I)
BISTCL) = DISTCD
DIST(S) = TEMF2Q
NTEMFL = CITA(I)
CITACL) = CITALD
CITACS) = NTEMP1
MNIENED = LATEVLY
CITEB(I) = CYITRCS)
CITR(J) = NTEMP2
7 CONTINUE

L8] CONTINUE

28 CONTINUE

¢

i ¥REGIM COMFUTATIONS

(™

D0 100 I = 1y COUNT

IF (CITIESC(I) 6T, CITIESCG))) GO 70 7

IF ((FIVEJEQ. 'Y’ ) AND (DISTCI) LT, LIMIT)) GO TO 92

HEAT = 1

TNGAT = SATELLITE INDEX
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¥DETERHINE IF BEAMS ARE ALREADY ASSIGNED TO CITIES N AND B

NEA = O LINDEX OF BEAM ASSIGNED TO CITY A
NEE = 0 LINDEX OF BEAM ASSIGNEDL TO CITY B
NEFR = 0 INUMEER OF UNUSED EEAMS ON NSAT
SATUSE = 0,0 INSAT CAFACITY ALREADY CONSUMED

IO 35 K = 1y BEAMS, 2
IF (SATELL(NSAT,K) +EQ. CITACI)) NEA = K
IF (BATELLC(NSATIK) +EO, CITE(I)) NEB = K
SATUSE = SATUSE + SATELL(NSATIK4L)
IF (SATELLINSATK) JNE. 0) GO TO 35
IF (NEFR .EQ. 0) FIRST = K
NEFR = NEFR + 1

CONTINUE

+1
+ 1

iy

¥ASSIGH BEAMS TO CITIES A AND B AS NECESSARY
IF (SATUSE GE. SATLIM) GO T0 %0 YNEED NEY SATELLITE

IF (NEA NE. 0) GO TN 40 ICITY A ALREADY ASSTGHED A REANW
IF C(NEREQ.O) AND (NBFRLLT2)) GO TO 90 TNEW SATELLITE

IF (NEE JEQ. 0) GO TO 37

IF (SATELL (NSAT»NRE) EQ, CAFAC) GO TO 90 1FULL, BEAN

IF (NEFE JEQ. 0) GO TO 20 TNEED HEY SATELLITE
SATELL(NSATFIRST) = CITACD) IASSIGN FIRST FREE BEAM TO o
NEFR = NEFR ~ 1

NBA = FIRST + 1

FIRST = FIRGT + 2 TINREY. OF HEXT FREE BEAN

IF (SATELLCNSAT NEA) LEOQ, CAPAC) GO TO 20 LREAN FULL

IF (HEE +HE, 0) GO 10 1% LOLTY B OOLREAICC ASSTGHED A BLAH
IF (MEFR JED. 0) GO TU 70 THEED PEY SATELLITE
SATELLANBATYFIRST) ~ CITROT) LABRIGH FIRST FREE BEAN TO U

MER = FIRST 4 1
IF (SATELL(NSAT/NEE) .EQ.CAFAC) GO TO 90 {BEAM FULL

XEOTH EEAMS HAVE CAFACITY TO ACCEFT ADDITIONAL DEMAND
FCOMFUTE DEMAND BETWEEN CITIES ) SND J

DEMAND = CITIES(IN/2. IDEMAND FER EEAM
KLETERMINE IF BEAH CAFACITY WILL RE EXCEEDED

RECAFN =~ CAPAL ~ SATELL(NSATNRA) IREMAINING CAFACITY ~ A
RECAPE = CAPAC -~ SATELL(NSATNEH) IREMAINING CAPACITY - B
IF (DEHAND LE, RECAFA)Y GO TO O 1A HAS ADEQUATE TAFACITY

XDEHAND EXCEEDS REMAINING CAFACITY ON BEAM A

IF (RECAFA GT, RECAFR) GO TO 50

SOTELL(NSATyNEA) = SATELL(NSATINRAY + RECAPA IFILL EEAM A
SATELL (NSAT - NEBID = SATELL(NSAT/NER) + RECAFA

CITIES(I) = CITIES(I) ~ (2¥RECAFA)

GO TO 90 © ITHEED NEW SATELLITE FOR REMAINDER

HDEMAND EXTEENS REMAINING CAFACITY ON BEAN B
SATELL(NSATsNEA) = SATELL(NSAT/NEA) + RECAFE

SATELL (NSATyNBE) = SATELL(NSAT/NEE) + RECAPR {FILL BEAM B
CITIES(I) = CITIES(I) ~ (2%XRECAFH)
GO TO 70 tNEED NEW SATELLITE FOR REMAINDER

IF (DEMAND GT. RECAFE) GO TO S0
FDEWAND DOES NOT EXCEED REMATNING BEAM CARANCITIES
SATELL (NSAT NEBAY = SATELL(NSAT HEA) + DEMAND

SATELL(MNSAT NEE)Y = SATELL(NSAT/NEE) + DEMANI
GO TO 94

FAND NEW SATELLITE AND RE-EVALUATE CITY FALR

NEAT = NSAT + 1
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105
110
120

130

23

(:

121
122
o

125

IF (NSAT BT, TNSAT) TNGAT = NSAY
IF (TNSAT 6T, 100) EXCEED = §

YCONTINUE 10 EVALUATE NEW CITY PAIRS IN ORDER TO FILL SATELLITE

IF (EXCEED +ED 0) GO YO 30
WRITE(1+1010)
WRYTECL %) # ¢
IF (RISTCL) (GE+ LIMIT) GO 7O 94
LYILES » LMILES + DRISY(Y)
FPERCHT &= FERCNT 4 CITIES(Y)
PEHTHI = PONTHY ¢ DISTCIMCITIESCI)
LOHTINUE

CONTINUE

¥FFRINT RESULTS

URITTEC3 £009) (SFILELT) 11702 30) » YEAR
WMRITECXy 1004) THSAT HREANS» CARAL
WRITE (3¢ 1010 SATLIM

YRETERMINE TOTAL NUNRER OF REANS USED AND TOTAL DEMAND

TREANY =~ 0

TOEM = 0,0

HO 120 1 = Ly THSAT

DO 110 J = Py BEANSy 2

SOTEMP - SATELL(IvJ)
IF (SATEMP® (B0 0) 60 10 110
TREANS = TREAMG 4
THEM = TDEM + SATEMP

¥OETERMINE BEAM DISTRIRUTION

00 10% K = 4y 4
IF ((SATEMP (GE, BFILLCKoM)) o ANDGCSATENP (LT, BEILLOKSL M) D)
+ BRISTCR) = BOIST(R) 4 t
GONT INUE
GUNTINUE
CONTINIF
WRITECS 1007) TREANS
PO 430 K - fs §
WRITECS.1014) BDISTCR) s BFILL Ao M) » BETLL G L v M)
CONTTHUE
WRITE (311008 TDEM
WRITE(3¢1017) LINITLMILES FERCNT »PENTMI
IF (EXCEED NE. 0) WRITE(3+1010)

WRITE(L %) ‘N0 YOU WISH TO PRINY THE SATELLITE MATRIX?T'
READLLy1Q0LY ANS

URTTECL ¥) ¢ ¢

IF CANS «NE, Y’} 60 TO 1295

URITE(3:4013)

WRITE(391.014)

FPRINT SATELLITE MATRIX

DO 132 T = 1y THGAT
WRITECI1011)

K= Q
DO 124 J & 1y BEAMSy 2
Kw K4 §

NE = INTLSATELLCIy))
HRITEC(I,1012) Ky NBy SATELL(TeJd41)
CONTINUE
CONYINUE

(LOSE (UNIT~2,ERR=502) ,
WRITE(Ly%) *ARE THERE MORE CITY FAIR MATRICES TO BE EVALUATEDT!
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enmtatoing
E TR (.Ewﬂ.g

4
2

4
4

140

150
140

170

G
G
M
1001
4002
1003
1004
100
1004

1007

1008
1009

1010

1014
10132
1013
1014
1010
101a
1047

©
w0l

N

0l

r

READNLL,1001) ANS
URITE(Ls%) ¢+ ¢
IF (ANS ,NE, ‘Y’) STOF

YREINITUALIZE ARRAYS TO ZERQ

PO 140 I = 1, COUNT
GITIES(Y) = 0,0
CONTINUE
DO 1460 1 = §y 100
e 160 J v 1y AD
SATELLCT e ) = 0,40 '
CONTINUE
CONTINUE
B 170 K = 1y 3
ROIBT(RY = 0
CONTINUE
THSAY 7 0
LHILES - 0.0
PERCNT = 0,0
PCNTHT = 0,0
LIMIT ~ O,
60 10 10

.
]
0
KPORHAT STATENENTS

FORMATTLOML)
FORMAT(TR)
FORMAT {AQY)
FORBNTN7 4T
FORNATLIAOX T A)
FORMAT LAY o /70 LOX» *HUNBER DF SATELLTTRS r L ? EACH HAVING + 10
1 fOREANS OF TaraGITY “-F240

FURMATCIXy #70 10Xy "NUMBER OF EARTH STATIONS »’ 210y ¢ BROKEN 1OW AG
+FOLLOWS S /)

FORNATCLA A4 010Xy P TOTAL DEIWGEID 7 1005)

FORMATOLHE 7/ 0 10X "EARTH STATION-SATELLITE EVALUATION FOR ‘96A1,
1 Y MATRIX IN THE YEAR 'sI4)

FORMATCLX 77 v 10Xy CFNRHUARNINGY ¥ HAXIMUN NUMBER OF SATELLITES HAS
LRECH EXCEEBED. NOT ALL CITY FPAIRS HAVE BEEN EVALUATED, )
FORHNATCINS Z ¢ 30% 1)

FORMAT (O3NS 129 1O TR 10X 170 1)

FORMOTCLHL e 2777078y " SOTELLITE? v &X0 ' BREAM 1 BX "CLTY /28Xy " UAPACLTY )
FORMAT (A P remomecvercw? g g # o oo " g g * v on ¥ (I £ ovommvmnmmasnan ” )
FORMAT (LY /770 L0X 2 TOTAL SATELLITE CAFACITYY 79F7.5)
FORMATIR0X, T3« * EARTH STATIONS OF CAPACITY “oF70e’ TO 4F7 )
FORMATCIXy /79 10Xy P TOTAL. NUHBER OF MILES FORK TRANSHISSIONS UNLER

+ THE LIKRIT OF *»F5.09’ MILES IS *9FL10,0v /918Xy FOR A TOTAL OF '
+ PRy 2 PERCENT OF THE TRAFTIC FLOW, 7+ /910Xy ‘THE SUM TOTAL OF THE
4+ MILIG-PERCENT FRODUCT 18§ 71205

KERBOR STATEMENTS

WRITECL %) "LRROR IN GPENING CITY~PALR RATA FILE, PLEASE®
WRITECL«¥) "CHECK THE FILE NAME AND FRY AGAIN?
WRITECIy¥) ¢

GO TH 10

WRYTLCL»¥) “ERROR XN CLOSING CITY-FAIR DATA FILE. COMPUTATIONS*
NRI?E(l!*) “ARE COMFLETES PROGRAM TERMINATED”
ST0P

LN
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