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FOREWORD

This is the {irst edition of DCA's Satellite Communications Reference
Data 'andisok, Tt is recognized that the users of the Handbook will have
varied axsigonments and variations in their need for detailed data on the toplcs
discusged horeln, In order t¢ make the Handbook more useful to you, the user,
your suggestions for improvement, comments and corrections would be greatly
appreciated., Kindly forward any such {tems to: Defense Comrunications
Agency, Attention Code 483, Washington, D.C,, 20305, Either brief hand-
wriiten notes or detatled coverage is welcome,
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.. =w=SECTION 1 - INTRODUCTION R

1.1 PURPOSE

It is the purpose of this reference book to provide, in one source, suffi-
cient information on satellite communications in general arid on the Defense
Satellite Communications System (DSCS) in particular to familiarize the reader
with this special field of communications. The intent is _t6 present data so that
one familiar with communications, but not necessarily an engineer, can readily
grasp the fundamental characteristics, capabilities and limitaticns of satellite
communications as well as the background and present status of the DSCS. A

glossary of terms and abbreviations is given in a table at the end of the book,
1.2 SCOPE

Sections 2 through 8 of this reference book provide a survey of basic tech-
nical data related to satellite communications systems in general. This in-

cludes: '

Section 2 - Data on space subsysiems such as orbital characteristics and

satellite transponders ' .

Section 3 - Data on earth terminals including transmit, receive and

antenna subsystems

Section 4 - Data on typical multiplex, modulation and mulilple-access tech-
uiques that are suitable for satellite communications systems, This
section also covers pertinent data on the use of error-correcting coding
techniques to conserve satellite power and/or improve performance of

digital transmission,

Section 5 - Basic parameters and formulas essential to an understanding

of the problems involved in engineering a satellite communications link




TR T

Sectnon G - Data relative to the integration of satellite commumcatlons

B systems into a global terrestrial communication network

Section 7 ~ Development of a system engineering ajprcach to the sharing

of the limited power and bandwidth capacity of a satel.ite

Section 8 - Data on woth nonreal-time and real-time control systems that

are appropriate for use with multiple -access sateilite systems,

- The remainder of the book consists of seven appendices addressing specific

" areas closely related to the DSCS, These are:

Appendix A - Descriptive summary of the characteristics of presently

available or planned satellites of interest to military commuaicators

Appendix B - Descriptive summary of presently available or proposed

earth terminals of interest to military communicators
Appendix C - Detailed description of Phase 1 of the DSCS
Appendix D - Netailed description of Phase II of the DSCS

Appendix E - B....f coverage of future trends in communications that may

have an influence on the DSCS

Appendix F - Compilation of technical reference data useful in analyzing

satellite planning and engineering problems.
Appendix G - Glossary
1.3 SATELLITE COMMUNICATIONS SYSTEMS
1.3.1 General

A communicaticns satellite serves as a relay station for a long-distance

communications systei.. & ... system has the advantage of being able to
cover a large nor: :wof oo ewth's surface with the satellite antenna, Thus it
needs only a st~¢i= 7 . : 9 corvnect remote sites,




LT T TN

e

i

i

B et R PR

g

1 O T e

W

BT Rl T R R T O

O e

e

Mt

el b

ST S

T Y

=

"o

L X ]

#-- ...-In most ways a-satellite communications link is similar to a line-of-sight

‘ment for the numerous intermediate repeaters that would be necessary on a

- temns is a need for wide frequency bands and low internal and external noise.

.

(LOS) microwave system, with the satellite transponder serving as the replace-

I AN

ok

long-distance system, A problem in common with tervestrial microwave sys-

el Ml G,

Wiy

Since both satellite and terrestrial services are allocated frequencies from shared

frequency bands, it requires careful coordination prior to frequency assignment cee=

to avoid interference between using systems.

Although many of the basic principles are the same as in terrestrial sys-
tems, satellite communication systems do have differences that will be empha-
sized throughout this book., As will be seen, satellite communications are par-
ticularly suited for long-distance wide-band éommuuications, providing the
capacity for transoceanic high data rate circuits that are not practical by under-
sea cable or terrestrial radio, Figure 1-1 is a block diagram of a satellite sys-
tem chowing the space, <arth and control subsystems and the three types of

contro,~-satellite, earth terminal, and circuit,

Satellites used in communication systems may be classified into general
categories by electromagaetic and orbital characteristics. Electromagnetically,
there are two general types of satellites: passive and active. A passive satellite
merely acts as a reflector of radio waves. For example, the moon was used as
part of the first passive satellite communication system (as discussed in Para-
graph 1.3.2.1). One serious disadvantage of this type of system is that the
reflected signal received at the earth terminal is extremely weak. Thus, passive
satellites are not considered for major communications systems and are of
historical interest only. An active satellite carries a transponder (receiver-
amplifier-transmitter) system analogous to a terrestrial or undersea repeater.
This results in stronger signals at the earth terminal, but at the expense of
greater complexity and cost. Because a satellite is visible over a wide aren,
it is available for use by others, and ordinary transmissions may be easily inter-

fered with or readily jammed,
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A major difference from terrestrial systems is the requirement for remote

I a
{ multiple access, often changing with time and space. ; In\glvi systems, this leads

to problems of intermodulation among the transmitted signals, and requires

AT 0 g S T ¥ I R T A

!f ‘signal power control for the several kinds of signals, These problgﬁs are largely
= avoided by using time-division or spread-spectrum multiple acces?“technlques.
i: According to their orbital characteristics, communication satellites may
.. be divided into two general types: synchronous and nonsynchronous. Synchronous 7
" satellites have an orbital altitude of 22,300 statute miles and will rotate with the i
.. same angular velocity as the earth, A synchronous satellite in an equatorial 7
k i, orbit will thus remain stationary with respect to a point on the earth's surface, :
: - A nonsynchronous satellite has an altitude other than 22, 300 statute miles and
i _ circles the earth at a rate dependent on its altitude, It will be visible from
-T,A a given point on the earth during only a portion of its orbit, The duration and
E .. frequency of the visibility depends on the orbital parameters and earth terminal
; - locations. There may be no visibility from some terminals; from others the
.. satellite may be visible only on some orbits, Thus, many nonsynchronous satel-
; - lites are needed for continuous service; and these systems may involve complex
L ‘. acquisition, tracking and handover prohlems,
i o 1.3.2 Brief History of Satellite Communications
; - The following paragraphs give a brief review of some of the major events
: : in the development of today's operational satellite communication systems,

1.3.2,1 Passive Satellites

PR

1. Moon

[ TR

The first voice message to be transmitted via a space relay used the

moon as a passive reflector, In 1954, the Naval Research Laboratory

in 1955 established the first transcontinental transmission via the

e ey \W S WA e

-
4
I (NRL) transmitted over an earth-moon-~earth link successfully, and
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moon. By 19569 a duplex link petwegn Washington, D.C. and Hawaii -
s o “became operational on {requencics’of 400 and 450 MHz. T
.. ‘ L)
2. Project Echo 3 oA
H . - =
The Echo-I sphere, an artificial echo-producing body, was placed in ‘1 : 4

.an orbit of 1000-mile altitude following launch by NASA in August
1960. It was a mylar-aluminum balloon, 100 feet in diameter weighing i
175 pounds, Echo-II, launched in January 1964, was larger and more

- rigid, It weighed 500 pounds and was placed in a 600- to 800-mile,
near-polar orbit, Both were used in an intensive program of tests by
the United States and other countries, They were still in orbit as of .

January 1972,

3. Project West Ford g ’.f

Project West Ford, sponsored by the U.S. Air Force, was an investi- a
gation into the feasibility of using an orbital belt of dipoles as passive

reflecctors., On 10 May 1963 a launch was made and the dipoles were _ 1
successfully dispersed in a polar orbit of about 3700-km altitude.
The dipoles were designed for operation at a frequency of about 8000
MHz. Ground stations in Massachusetts and California were used to
measure the dipole belt characteristics and usefulness in point-to-
point communications, Speech was transmitted in digitized form and
received intelligibly, and the resuits agreed with theoretical predic- !
tions, The individual dipole orbits decayed with time and after 5 years

the belt virtually ceased to exist.
1.3.2.2 Active Satellites ;
1, Project Score

In December 1958, an Atlas 10-B vehicle put into an elliptical orbit . }

(perigee of 110 miles, apogee of 920 miles) a 150-pound package
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capable of both delayed and real-time transmission of voice and

" In October 1960, a Thor-Able Star vehicle put Courier 1-B, a DOD

‘an output powgr of 3 watts at 2 GHz, It could receive and store

s LS s e N BT S PSP = S T
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tclétype. The system operated successfully for 12 days, with an

output power of 8 waits at 150 MHz.

Tl 0 41 el 1,

Project Courier

satellite, into a 600- to 700-mile orbit. It operated for 17 days, with

360, 000 teletype words Jduring each overhead passage, and retransmit
them to each of four ground stations., Tests of delayed and real-time
voice, teletype and facsimile were conducted between Fort Monmouth,

New Jersey and Puerto Rico,

Project Telstar

Telstar 1 was lavnched on 10 June 1962 by a Delta vehicle, and placed
in an elliptical 593~ to 3503-nautical-mile orbit as a joint AT&T- 7
NASA project, The satellite weighed 170 pounds and was operable » ,
on a communication duty cycle of 10 percent. Another satellite,
Telstar II, v-as launched in May 1963, The Telstars provided tests

for telephone, television, facsimile and data among the United States,

Great Britain, France, Italy and Japan until March 1965, The output

power was 3 watts with 6-GHz uplink and 4-GHz downlink frequencies,

P!‘OIeCt Relax

In December 1962, Relay I, weighing 172 pounds, was launched by
NASA into an elliptical 819- to 4612-nautical-mile orbit. I January
1964 Relay 1I was placed in a similar orbit, The output powers

were 1) watts with 1700-MHz uplink and 4200-MHz downlink frequen-
cies, Relay I operated successfully until February 1965, supporting
more than 2000 communication tests among the United States, Europe

and South America. Relay Il was used by U. S, earth stations until

September 1965,




Project Syncom

This NASA Project included three satellites, Syncom [ failed to
achieve a proper orbit, Syncom II was placed in an inclined synchro=

nous orbit in July 1963 and was used for testing, Syndom IIl was

placed in a synchronous equatorial orbit near the international date

line in August 1964, and was used for TV transmission of the Tokyo
Olympic Games (o the U, S, in the fall of 1964, In April 1965, after
its program of tests was completed, NASA transferred operation of

both satellites to DOD, Neither is currently operational,

DOD Tactical Satellite Communication Activities

In 1965 the three services initiated studies on tactical/ mobile satellite
communications. On 1 July 1967, LES-5 (Lincoln Lahoratory Experi-
mental Satellite), a UHF satellite repeater weighing 225 pounds, was
placed in a high orbit by a multiple payload Titan I1I-C developmental
launch, The UHF system was tested by SAC aircraft as well as by
Army and Navy mobile terminals, This launch also deployed a
gravity-gradient experiment (DODGE) and an electronically despun
array test satellite (DATS) with 3 IDCSP satellites, Later, in Sen-
tember 1968, LES-6 was launched in further support of the tactical
communications study program. This was followed in February 19¢9
with the launch of TACSAT I, a high-powered experimental tactical
communication satellite for use by all military services to assess the
role of satellites in tactical situations, The TACSATCOM program
includes LES-6 and TACSAT 7, which are both geostationary satellites.
LES-6 is a small, single-band UlIF satellite, whereas TACSAT 1 was
the largest and most powerful communication satellite launched up to

that time, having high capacity aad operating in both UHF and SHF

bands. These two equatorial satellites were aligned with the central
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| sz with earth coverage capacities of 6000 telephone cirouits and 12 video . - -

channels or equivalent combinations, is now available, 'The first o

5 o - Intelsat IV was successfully placed in orbit in January 1971 and be-

came operational in March over the Atlantic region, An innovation i =
' on the Intelsat IV series is the provision of two spot beams in addition 7
to the earth coverage antenna to focus more power over high-traffic

~ regions. Its design life is 7 years, A summary of the principal

characteristics of the Intelsat satellites appears in Table 1-1, ' o

1.3.,3 Defense Satellitc Communications System

The Defense Satellite Communications System (DSCS) is an integral por-
tion of the global Defense Communications Systern de<’ ~ed {0 provide vital \
communications service to the United States and Allied Forces throughout the T f
world by means of satcllites, The system is being implemented in phases, 7
Phas;e I has been providing a limited operational cupability sirce 1967, The
Phas:a I space subsystem at maximum consisted of 26 low-power satellites i
drifting slowly in near-synchronous, near-equatorial orbits, As of May 1972 7
there were only 17 Phase I satellites operational., This number will decrease ;
as the satellites approach their G-year automatic cutoff design life, Each ‘l
satellite supports only one duplex communication link (connecting two earth i
terminals). Depending on earth terminal sizes involved, each link has a capa-

city of one to five voice channels.

The Phase II satellites are to be positioned in geostationary orbits and thus

will be continuously available for use by earth terminals located within about
5000 nautical miles of their subsatellite points. The Phase II satellites are
larger and transmit more power than the Phase | satellite, In addition to the

earth coverage antennas they have two steerable narrow-beam antennas for

greater communjcation capability hetween selected earth locations. They have

two separate transponders with four separate frequency bands,

.
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The Phase II DSCS will have several stages, Stage la will consist of a j
- _-number of point-to-point 1inks similar to those of Phase I, In Stage 1b certain - :
of the earth terminels will have vndal capabilities (communicating simultaneously 3
~with several other terminals). The Stage lc system will be all digital (digitized -
‘volce and digital data) to increase system capability, Stage 2 will employ -
TDMA. More detailed descriptions of the system and its components are o T

covered in Appendices A through D,
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SECTION 2 - SPACE SUBSYSTEM

2,1 GENERAL

This gsection provides basic data on the satellite subsystem, including
launching and orbital considerations and characteristics. The section also
covers typical satellite transponder characteristics with emphasis on the con-
straints peculiar to operating from a satellite platform, These constraints

include size, weight, power, antenna pointing and coverage area of the antenna.
2.2 ORBITAL CHARACTERISTICS

2.2.1 Orbital Considerations

For the following presentation of the basic relationships between the orbit
characteristics of terrestrial satellites, a spherical earth with a spherically
symmetric gravitational fie!d is assumed. This assumption neglects the earth's
oblateness and inhomogeneous mass distribution as well as the effects of the
sun and the moon on the resultant gravitational force applied to the satellite
body. Under this assumption, the trajectory of a satellite is planar and ellipti-
cal with the earth's center of gravity as one of the foci of the elliptic orbit.

The communication satellites used by the United States have all had essentially

circular orbits, which are special cases of elliptical orbits,

Figure 2~1 shows the different possible types of circular orbits, from
the equatorial type to the polar type, obtained by varying the angle between

the orbital plane and the equator (inclination angle), {, from 0° to 90°,

The period of 2 satellite in circular orbit in hours is given by:

\/(Ro * h)3 3/2
T =2rV ———— =0, 00000561 (3958 + h) (2-1)

GM

where h is height of the satellite sbove the earth in statute miles,
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_____Figure 2-2 shows the satellite period for various altitudes. A satellite ata-

height of 22,300 miles and in the equatorial plane (zero inclination angle) will
appear stationary with respect to the earth and is called synchronous. At this
' 'height and at an inclination angle other than zero, the satellite as viewed from

the earth will appear to describe a figure eight.

An elliptical orbit, shown in Figure 2-3, is described in terms of the
apogee, or maximum height above the carth's surface, and the perigee, or

height of the satellite at its minimum distance from the earth. The satellite

average velocity is equal to that of a satellite in a circular orbit whose diameter

is equal to the major axis of the eilipse. The instantaneous velocity of the
satellite is dependent on its pi)sition in its orbit; minimum at apogee and maxi-
mum at perigee, Its period may be found by using the average of-apogee and

perigee heights in Figure 2-2,

The total area of the earth seen by the satellite at any instant, or recip-
rocally the area from which the satellite is visible from the surface of the
earth, is bounded by a circle the radius of which is a function of satellite
altitude h and minimum allowable earth antenna elevation angle,o. The
coverage geometry is illustrated by Figure 2-4, In the case of a geostationary
satellite the earth coverage area is fixed, For a nonsynchronous circular orbit
satellite, the coverage circle is fixed in size and moving continuously over the

earth's surface,

The coverage or spherical area of the earth's surface within the visibility

cone of angle 26 is given by:

2
As = erRe (1 - cosp) 2-2)
-1 Re COSo
= —_— -
where 0 [cos Rc +h ] @-3)
2-3
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The percentage of the earth's surface in view from a satellite at any

altdtude is shown in Table 2-1 for several values ofo. Foro = 0° the sperical

area becomes:

. .2f h
o)

A typical coverage area for a stationary synchronous satellite located on

the equator at 30°W longitude is shown in Figure 2-5,

For a satellite at nonsynchronous altitude the duration of visibility at an
earth terminal is an important quality, The duration of visibility increases
with the orbital altitude and also as the satellite orbital plane moves closer
to the earth terminal. At any altitude a direct overhead pass results in the
longest duration of visibility, When using a communication satellite without
storage capability, two earth terminals must have simultaneous view of the
satellite to establish a link, Therefore the design of a nonsynchronous system

is more complex than that of a synchronous system,

A parameter of interest is the maximum rate of tracking required for the
ground antenna, This maximum corresponds to an overhead passage of the
satellite, expressed by the rate of change of anglen in Figure 2-6, The angle
r, varies because of the motion of the satellite and the rotation of the earth, For
a circular satellite orbit the maximum rate of change occurs for a terminal
located on the equator and a satellite in retrograde equatcrial orbit (opposite

to the rotation of the earth). Also the maximum tracking rate decreases as

the satell.te 1iltitude increases.

The capabilities of available launch vehicles is an important consideration
in overall satellite design. The launch vehicle is a support subsystem whose
cost typically amounts to about one-half of the total space system cost, The
launch vehicle has to furnish the satellite with electrical power prior to sepa-

ration, structural and dynamic support, and provision for dispensing. The
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Table 2-1. Percentage of Earth's Surface Visible From a Satellite

Helght Percentage of Area Visible
Statute a=(° Q=175 a=10"

Kilometers Miles S aq
1860 1150 11. 15 7.7 6. 70

3700 2300 18,4 13.6 S 12,5
7400 4600 26.9 21,3 19, 80
11, 100 6900 31.8 25.9 24,25
14, 800 9200 34,9 28.8 27.15
18, 500 11,500 37.2 31.1 29. 20

22,200 13, 200 38.8 32,5 30, 7

25, 900 16,100 40.1 33,8 319
29, 600 18, 400 41,1 34,8 32,85
33, 300 20,700 41.9 35.6 33, 65

35,900 22,300 42, 4 36.1 34,0

(synchronous)
37,600 23,400 42,5 36.2 34,1

2-8
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Figure 2-6, Maximum Tracking Rate

allowable satellite weight per launch is constrained by the number of launch -3
vehicle stages and their thrusts, launch site location, and the desired space-

craft orbital altitude and inclination, In addition, there are volumetric and

shape constraints imposed on the satellite since a shroud at the nose of the

launch vehicle must enclose satellites during their passage through the earth's

atmosphere. Table 2-2 presents pertinent data on launch vehicles available :

either now or in the near future,
2.2.2 OQOrbical Control

‘The two types of orbita. control that may be used on satellites are !
attitude control and stationkeeping. Attitude control, which is used on
practically all satellites, can be implemented about one axis, two axes or all

three axes. The attitude control system implemented has a great effect on the

2-10



" design of directionally sensitive satellite subsystems such as antennas for

communication and solar cells for prime power generation. Station keeping

refers to the maintenance of a fixed satellite position relative to the earth

(in the case of a synchronous satellite) or to another satellite (in the case of

‘several satellites spaced along the same nonsynchronous orbit). Station

keeping control is not used in the case of one satellite in a nonsynchronous

orbit but it normally is used in synchronous satellite systems,
2.2.2,1 Attitude Control

Required pointing accuracy, system lifetime, reliability, weight and
cost are some of the factors involved in attitude control system design. The
early satellites, which were designed for long-term operation, were spin
stabilized. The more stringent requirements of the present space nissions

have demanded more precise conirol,

The types of attitude control systems used are listed below with comments

on each system:

1. Spin Stabilization

a. Advantages, (1) Fixed inertial orientation with limited
accuracy can be achieved with a completely passive system;
and (2) most disturbances including torques from velocity
correction jet misalignments have only a small effect on

the accuracy of a spin-stabilized body.

b. Disadvantages, (1) Only one axis can be controlled; (2) after

obtaining orbit, a system is required to initially point the
spin axis; (3) spin speed control may be required on systems
where disturbance torques may cause large changes in the
spin momentum of the system; and (4) unless provisions

are made to despin the communications antenna, most of

the transmitter power is lost (radiated into space).

2-12
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Gravity Gradient

An advantageous feature of gravity-gradient stabilization {s that
the communications antenna orientation is maintained in the
correct position to direct the transmitted power toward the earth,
The limitations of the usefulness of gravity-gradient torque for
stabilizing a satellite with respect to local vertical and the orbit

plane are:

a. Gravity-gradient torques decrease with altitude, whereas
some disturbance torques (notably solaxr radiation pressure
torques) are invariant with altitude, thus it is difficult to
design high-altitude satellites to operate primarily with
gravity-gradient stabilization.

b. Orbit eccentricity introduces disturbances in the gravity-
gradient control which preclude the use of this type of

control for highly eccentric orbits.

c. At low altitudes aerodynamic torques are encountered which
greatly complicate the design of a gravity-gradient controlled
satellite.

d. Satellite requirements such as solar arrays to collect solar
energy, communication antenna placement, booms for experi-
ments, and restrictions on configuration for compatibility
with the boost vehicle may so constrain the satellite configu~
ration that gravity-gradient stabilization cannot be achieved.

€. Highly' accurate orientation is difficult to achieve since attitude
errors must be developed to provide gravity-gradient torques

to counter disturbance torques.

2-13
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Momentum Storage

Continuously rotating devices are used to store momentum and
thus absorh the effect of disturbing torques, and to perform

speoial control maneuvers,

The effectiveness of react~n wheels for momentum storage is
based on the law that the time rate of change of wheel momentum
is equal to the torque. The attitude error signal is used with
filtering to control the wheel speed, meaning that for nonzero
constant momentum storage there must be an angular pointing
error. A coatrol signal including the integral of this error can

be used to alleviate this problem in the steady state,

The momentum storage systern adds complexity to the system, If

the problem of coupling between axes is significant, careful design

will be required, Methods proposed for obtaining momentum

storage include rotating inertia (a motor-driven inertial flywheel,

gyro stabilizer gimballed gyroscopes) and the control of the motion

of g fluid moving in an enclosed circuit,

Mass Expulsion

Atitude control can be sccomplished by means of the torque
derived from the expulsion of mass, Torgues can be achieved
by the release under pressure of stored gas, by small rockets,

by ion propulsion, or by plasma cngines,

Cold gas systems are the most attractive mass expulsion method
for smaller satellites since they appear to offer the highest
reliability, The low specific impulse (typically a nitrogen-gas
system will exert about 60 pound-scconds of impulse per pound
of gas) does not prevent their use since usually a small total

torque impulse is desired. The thrust level desircd from the
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~ gas jet nozzles Is fixed by the inertia of the satellite and the

nozzle mounting arrangement,

When these jets are to be used alone for attitude control, they will
operate on a limit cycle which can be calculated from the desirdd .
precision of orientation, control system parameters, distrubance

torques anticipated, and torque-to-~inertia ratio of the system,

For larger satellites low thrust hot gas engines may bLe used for
attitude control at some expense in reliability, The many required
rocket firings in such a system favors monopropcellant systems,
However, either a monopropellant or bipropellant engine 15 feasible,

and several versions of each type have been developed,

Mixed Systems

A 1xiviire of more than one method of attilude control uppear = o
offer significant advantages in performance and cfficicney over
relianccvgn only one source of torque, There is a trale betwoen
the added complexity of a second system and the fncereased cetfavility
from the redundancy of the second system, Gravity sradicdt and

rcaction wheels, magnetic torques and reaction whoels or gus jots

and reaction wheels are useful combinations.

In combination with a mass expulsfon system, u reaction «wh-oi
eliminates the need for releasing gas during cycle torque variations
and provides for removing zero—centered time- arying dGisturbanc,
torques, while the gas jets remove bias torques.  Withoat 2 miass
expulsion system, the size of un inertial fiywhoeel anid thee raoer
drive needed to handle torques for long operation woal! b vy
large. From the types of orbits and the constrairi= slvoea on the
satellite by the communication system it appears that o combination

of inertial storage elements and some fornm of absolut: tarque

generator is desirable,




2,2,2,2 Sutionkeeping

7 S(aticékcepi'{g is the procédure of keeping a satellite in a deéiiéd
nositior ir orbit within acceptable limits, For example a synchronous satel-
“1ite ie given aecasional commands that adjust its position so that it will remain

in & jixed position within a few degrees relative to the earth,

Statienke.ping 18 necessary to offset the effect of perturbing forces on
ke satelline orbit. These forces include solar radiation, atmospheric drag,
Cvavity perturbat.ons from the sun and moon, and gravity perturbations due
te the oblizeness of the earth, The advantages of station keeping include the
straplif;cution of acquisition and tracking the satellite with narrow-beam earth
antians - and the provision of a satellite that permits continuous or predictable
i:7f - etueon solected earth terminals,

i'ur synchronous satellites, the strongest forces are those of the sun and
wwosn, which act in a north-south direction to incline the orbit about 1° per year.
L his would requ.re a velocity increment of 176 feet/second/year for cancel-
fxticn, wal the carrent modest life requirements permit the simple alternative
¢t {nection inty a preset inclination so that after 5 years the final inclination
of annut 2, 57 is acceptable, In synchronous orbit an uncontrolled satellite will
wactida.e due to the earth's oblateness about one of the two stable points (located
24 7978 anvt 101°W longitude) with a period several hundrea days., Unfortunately,
thie « -tihbl:- locations do not satisfy the requirements of most communications
syiomis,  Jortunately, a velocity increment of only 7 feet per second per year

ig venpsired for cancellation,

4 mass expulsion system is used for station keeping and can be integrated
with {0 aititude control sysiem. Certain combinations of gas jets are fired
shncHanecusly for attitude control and other combinations are fired simul-
Lo ey tor stationkeeping. The satellite is allowed to drift slowly between
lunats sposed by system requirements, The stationkeeping function is

pesformed infrequently; every fev weeks or months,
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2.3 SATELLITE TRANSPONDER

!

Gt oty

The purpose of a satellite transponder is to receive, amplify and transmit R B

T

I 2.3.1 Transponder Transfer Characteristics

input signals. If a repeater is operated on the same frequency band for both

input and output signals, sufficient isolation must be achieved by employing o Yoo

™

g -

different frequency bands for uplink and downlink operation. Two methods of
frequency conversion are commonly employed to achieve this result: single-

conversion and double~conversion, These are shown in the simplified block

LY B

diagram, Figure 2-7. The choice of one method over the other is a function

e

i. of the input-to-output power gain required and the channel bandwidth desired., \

B e

i Where the input and output iting frequencies are high (for example X-Band)
' and a narrow bandwidth i- s ,...ed, a double-conversion transponder may be
necessary. Where the bandwidth is larger a single conversion may be permis-

sible,

Ty

s
[}

In some cases the transponder design may include signal processing. Here,

- the input RF signal is demodulated and then the baseband signal is modulated onto

e

- the output RF carrier. Processing transponders can improve the protection

e

s against jamming in a military system, Figure 2-7 also shows a processing

RRHUER T i

-- transponder,

The satellite transponder has some special constraints inherent to its

e

being on board a satellite. These constraints include inaccessibility after

’ .

launch, leaiing to a design emphasizing reliability, long life, stability, and
absence of maintenance, and weight, leading to emphasis on an efficient,
lightweight prime power supply, circuit efficiency, and optimization of antenna
design. In addition many communication satellites, especially stationary
satellites, are required to provide simultaneous links among many groand
stations., This feature also imposes special requirements on the transponder

design. The multiple-access feature will be discussed in Section 7,
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- pass filters are installed to channelize the subsystem to prevent intermodulation,

- The satellite communication subsystem may consist of one or more RF
channels, with each channel required to receive from one sig'nal'ta several

simultaneous signals depending on the communication system design. Band-

The allowable noise temperature of the receiver must be specified in the
system design, Because of the inaccessibility and weight and power limitations,
low-noise travelling-wave tube (TWT) or parametric amplifiers are not used as
preamplifiers. The RF preamplifier is either a transistor at lower UHF fre-
quencies, or a tunnel diode at higher frequencies. This leads to typical system

noise temperatures of 2000°K at X-Band.

The transponder output device normally is a transistor for frequecucies
up to several hundred megahertz. Above that frequency a TWT is used. Power
outputs up to several hundred watts have been obtained by paraileling a number
of transistors. However, the highest power from a single transistor is about
40 watts. Space-qualified TWT power output capability currently ranges up te : -
about 35 watts at X-Band. 4

A communication transponder has a saturating nonlinear input-output
characteristic. Only amplitude modulation, which is rarely used, requires
highly linear amplitude characteristics. For frequency or phase modulation,
which is often used, only approximate linearity is required in the multisignal
output amplifier, A hard limiter is sometimes used at the ampliffer input so
that the weakest expected earth terminal signal will result in saturated output =
from the transponder so Interference is minimized. When several signals at _
different frequencies enter the transponder simultaneously, this causes inter-
modulation Jdistortion which may be held to acceptable levels by proper fre-
quency spacing of the entering signals, However, in many cases of multiple
simultaneous signals, the TWT is operated at a backoff point several decibels
below satiration. This reduces the satellite effective isotropic radiated
power (EIRF) (system capacity), but more important it keeps intermodulation

at an acceptable level,
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- 2.3.2 Beacon

A beacon signal is normally transmitted from the satellite to aid
acquisition and tracking by the earth terminal antenna, The beacon signal may
either be generated within the satellite or generated by fréquency converting
a signal transmitted by the earth terminal. Very often the beacon and telemetry
functions are combined by modulating the telemetry information onto the beacon

signal, In addition, the beacon signal can be transmitted by the same power

“tube as the communication signals,

2,3.3 Power Subsystem

The requirements of a satellite power supply are reliability, long life,
high efficiency as measured in watts per pound and possibly operation during
eclips:., The three major sources of cnergy that have been investigated
experimentally are chemical, nuclear and solar, and prototype systems were
built. At present, the solar cell is the only device available in production
quantities to provide satellite power for long durations at good efficiency. The
only apparent limit to the power available from this source is the physical size
of the array, If very high power satellites (5 kW or more) are required in the

future, nuclear power sources probably will be used.

Solar cells are mounted in arrays whose power output is a function of the
angle between the sun and a perpendicular to the plane of the array, The most
efficient method of mounting the array is on a flat panel with a drive mechanism
to keep the array continuously oriented to the sun, A second method is to
mount the solar cells on both sides of fixed flat paddles. No orienting control
is necessary but the power output fluctuates as the angle between the normal
and the sun varjes, The array size must be larger than that of the oriented
array. The solar array also may be mounted directly on the satellite skin,
This leads to fluctuations in power output with time and, in addition, involves

problems with the temperature-control system that is necessary for the satellite

2-20
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_interior. However, where this configuration can be used it leads to a significant

il

reduction in weight. Spm-stabllizéd safellltes covered with solar cells have

been used in & number of programs,

lashlbon S 1L 8

Storage batteries are usually used in conjunction with solar cells, These

g

UMb g0

batteries, which are charged by the solar cells, allow operation during eclipse

periods when the satellite 1s not in view of the sun and help supply the load either

when the array orientation is poor or during brief periods of particularly high

Bt R T e el 3 s SRS L R b e - S
e
s

power demand,

oy =

2.3.4 Antenna Subsystem

L

b The satellite antenna is characterized by its frequency, bandwidth, polari-

BN

-- zation, gain and beamwidth. The gain and beamwidth are related; the gain
- increases with the size of the antenna and the beamwidth decreases at the same

o rate, The prime parameter used in the design of an antenna is its coverage.

P T

- Two types of antennas are used: earth coverage and narrow beam (sometimes

A e

e called spot beam), Operational requirements determine the type to be used in : -

i

any application, The aperture of an antenna covering the earth disk from
horizon to horizon is dependent on the altitude of the satellite, and corresponds

- to a beamwidth of about 18° for synchronous altitude., This angle corresponds to

RN, e

= YT ] e

a gain of 15 to 18 dB, A narrow-beam antenna, if properly pointed, will con-

" centrate its power in a limited area determined by the beamwidth, and will

sy ey

correspondingly have a higher gain, To provide the desired coverage, the

S R RATIR

narrow-beam antenna must be pointed accurately and stabilized.

L e

-

Antenna design and gain are affected by the type of satellite stabilization

used, For each satellite stabilization method there are one or more antenna

ARSI

configurations that may be used. For the spin stabilization method, toroidal,
= despun, and switched beam configuration are employed. For gravity-gradient
Lo and active three-axis stabilization, earth or area coverage pencil beam confi-

gurations are used. Table 2-3 contains a summary of the achievable gains for

‘ 2-21 'f
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earth coverage antenna configurations at different altitudes and with various

RS 1 T T
!
|

thpes of stabilization and antenna patterns. Antenna system losses, which vary

with the particular design approach used, are not included.

ol b e e

Spin stabilization is a widely used method of providing passive orientation,

W

The combination of spin stabilization and an antenna which has a toroidal pattern

Ay

was used on the majority of early communication satellites, for example,
Telstar, Relay and Syncom, Such an antenna provides focused radiation in only

one plane and therefore has low antenna gain,

An improveraerit in antenna gain can be obtained by electronically or
mechanically despinning the antenna to provide earth coverage in a direction
normal to the spin axis, Table 2-3 illustrates the large improvement in gain
for such a system over the toroidal pattern antenna. An electronically despun
antenna is implemented by mounting a number of pencil beam radiating elements
on the satellite, As the satellite spins, the receiver-transmitter is continuously
switched to the element whose beam covers the earth, A mechanically despun
antenna is implemented by rotating a bearing-mounted platform counter to the
satellite spin. Thus, an antenna on the platform can be pointed continuously
toward the earth, A three-axis stabilized satellite can provide the same
antenna gains as a despun antenna. Two-axis stabilization by gravity-gradient
torques can be achieved by proper design, Consequently, an antenna can be
used with this stabilization technique to provide earth coverage. Once deployed
and properly captured, the gravity-gradient stabilization mechanism requires
no active control or additional energy; however, there is an oscillation (Iibration)
inherent in this system, The antenna gains available with this stabilization
technique are listed in Table 2-3.

An experimental communication satellite developed by Lincoln Laboratories
spins about one axis but has no preferred orientation, Such a system uses hori-
zon sensors to locate the earth and control a switching subsystem which selects
an antenna pointing toward the earth. The antenna gains obtainable with the

switched-beam antenna concept are also listed in Table 2-3.
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SECTION 3 - EARTH TERMINAL SUBSYSTEMS

b I

3.1 GENERAL

“Another major subsystem of a satellite communications system to be

[ T N

discussed is the earth subsystem, In general this is very similar to a terres-

Wil e

trial microwave terminal facility., The earth subsystem consists of the basic
earth terminal and the related multiplex, coding and modulation equipment.
This section will describe the hasic earth terminal, its functions and components.

The related signal processing equipments are discussed in Section 4,

Like a terrestrial microwave terminal, the satellite communications
earth *erminal has a transmitter, receiver, and antenna subsystem, The
satellite earth terminals normally operate in the ultrahigh frequency (UHF) or

super high frequency (SHF) band,

The most notable differences between a satellite comm-nications earth
terminal and a conventional microwave terminal are that the earth terminal
has a high-gain antenna subsystem capable of tracking a moving satellite, a
transmitter that is frequently of much higher power to provide a suitable level
signal at the satellite, and a receiver that has a very low noise front end to
compensate for the very weak signals received from the power-~limited satel-

lite thousands of miles away.
The earth terminal accomplishes the following basic functions:

1. Recelves signals at an intermediate frequency from one or more
modulators, translates them to radio frequency, and transmits

them to a satellite

2. Receives radio frequency signals from the satellite, translates
them to an intermediate frequency, and feeds them to one or more

demodulators,
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. Equation (3-2) is plotted in Figure 3-2 for frequencies of 8150 and 7500
MHz, which are the midpeints of the uplink and downlink frequency bands used
by DSCS Phase II. L

The antenna can be mounted on a pedestal which permits steering 360° in SRR
. azimuth and 180° in elevation. However, some fixed terminals are designed for

! use with geostationary satellites only and therefore have a limited pointing range. - '

Shipboard terminals often have a three-axis mount, which includes a roll axis

! to permit correction for ship's roll.

The antenna diameter may be limited by the particular application planned

for the earth terminal, The following list shows various existing and planned

communication earth terminal applications and their respective maximum antenna

; diameters:

g Application Maximum Antenna Diameter o
i . .
Fixed 120 feet

! 21
! Air Transportable (one aircraft) 15 feet '
| Vehicular 5 feet

Shipboard & feet f
; o
: Airborne G feet

1
i The selection of the antenna diameter for a particular application is o
|
largely determined by the transmit and rcceive capability required. Since
satellite transmitter power is limited compared to terminal transmitter power,
the receive considerations are usually dominant, However, there are cases
"ﬁ'hen the transmit capability is the principal factor. An example of this
situation is a terminal which is to transmit at a very high data vate and receive

at o low data rate.

The receiving performance of an earth terminal depends on the equivalent
input receiver noise power as vell as on antenna gain because the galn is

effective only if the signal power is greater than the noise power. The equiva-

lent input recelver noise power is usually expressed as a noisc temperature T
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in degrees on the Kelvin scale, with absolute zero at -273°C or —160°F, Thus

a perfect recciver would have T = 6°K, a fair one T = 293°K (room ‘cmperature),
and a poor one T = 2030°K (noise figure = 10), The antenna must provide aot

only signal gnin but also low noise input from sidc lobeg and tranamission

lines, It therefore often uses a Cassegrain feed which consists of o feed horn
mounted at the vertex of the parabolotdal reflector and a hyperboloidal subre-
flector loeated at the focus of the dish (Figure 3-3). The Cassegrain feed has the

following advantages relative to one with the feed horn at the focus of the dish:

®  The low-nolse preamplifier can be mounted hehind the dish and close

to the feed horn. This minimizes the transmission line 1~38s and nolse.

®  Spillover radiation from the feed horn is directed toward pace which
has a very low noise temperaturc. With a front fced, spiilover
radiation is directed toward the relatively warm earth. “herefore,

the anterna noise temperature with a Cassegrain feed is lower,

A radio wave may be linearly polarized either horizontilly or vertically
according to the direction in which the clectric field changes aro greatest, In
a circularly-polarized wave this direction (the E vector) may rolate In anc «f

two senses as scen from the source, cither right-handed icloskwise) ovr lefl-

handed (counterclockwise).

In the DSCS, right-hand circular polarization I8 uscd i the uplink and
left-hand civcular polarization In the downlink. I lincar nolzrizatian we re
used, the polarization of the signal received at the termiral <sould r. nge from
vertical to horizontal depending on the location and olevation argle of the tor-
minal. The use of differcnt senscs of circular polarization for the upliriis and
down links simplifies the design of the polarizer and the diplexer, which
scparates the transmitted and recelved waves, traveling ¢n cppoesite divectisone

on the same tranamiasion line,
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3.2,2 Transmitter Subsystem 7 ;f

The SHF transmitter subsystem shown in Figure 3-1 caa accept signals

. from modulators with center frequencies of 70 MHz or 700 MHz, The former
- is used for signals with a maximum bandwidth of 40 MHz, the latter with

signals with a maximum bandwidth of 125 MHz, When the 70-MHz modulator

" [ NIV, W

is used, its output is frequency-translated to 700 MHz. The 700-MHz signal
(either the upconverted 70-MHz sighal or the output of the 700~MHz modulator)
‘is then frequency~translated to the 7. 9- to 8.4-GHz band. The level of the

signal is then adjusted to the desired value and combined with the signals from

B TN R R R < AT

other u~ converters. The power amplifier amplifies the combined output of

the up converters to the desired level,

o

Not all earth terminals have a 700-MHz interface, but a 70-MHz inter-
face is almost invariably provided., If only a 70-MHz interface is provided, up
conversion to SHF is usually accomplished in two stages; however, the

higher intermediate frequency may not be 700 MHz.

The frequency of translation may be fixed or variable from a frequency
synthesizer. In either case, the spectrum of the oscillator must be extremely !
pure because frequency (or phase) modulation added to the transritted signal
will degrade the performance. If more than one carrier is required, a

separate up converter is provided for each,

Currently, traveling-wave tubes and klystrons are used for power
amplifiers. Thetraveling-wave tube can have a bandwidth sufficient for the

entire band. (500 MHz), but its output power is limited to about 5 kW at X-Band,

Qutput powers in excess of 10 kW can be attained with a klystron, but its

instantaneous handwidth is limited to 170 MHz, If more than one signal is

being transmitted, the power amplifier is operated below saturation to avoid
the generation of intermodulation products. The RF bandwlidth of some earth
terminals covers the entire 7.9- to 8, 4-GHz band us=d by DSCS Phase II,

Others can operate in only a small part of this band. i

3-8 .
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A characteristic commonly used for the earth terminal transmitter is.

its effective izotropic radiated power (EIRP), This value is dependent on the antenna

gain at the transmit frequency and the power output of the final transmit ampli-
fier., (This is covered in detail in Section 5.) Figure 3-4 shows typical values

of EIRP as a function of antenna diameter and transmitter power,

3.2,3 Receiver Subsystem

Referring to Figure 3-1, signals received by the antenna are fed to the
low-noise preamplifier. Although functionally part of the receiver subsystem,
this unit is almost always mounted on the antenna to minimize the transmission
line loss and resultant noise increase. The output of the low-noise preamplifier
is fed to a divider and then to a number of down converters. The first down
converter frequency translates a signal in the 7,25- to 7, 75-GHz band to 700
MHz, The second down converter frequency translates the 700-MHz signal to 70
MHz,

The discussions of the translation frequencies and of bandwidth given in
Paragraph 3. 2.2 apply to the receiver subsystem, However, in many earth
terminals receiving several signals, a common down converter is used for
several signals, This is feasible if the frequency spacing and the levels of the
signals are such that the intermodulation products generated in the down con-

verter are insignificant,

A number of devices can be used for the low~-noise preamplifier, The
effective noise temperatures of state-of-the-art devices operating at a frequency

of about 7500 MHz are given in Table 3-1,

The common figure of merit used with the earth terminal receiver is
its G/T ratio, This is the ratio of the receiving antenna gain to the receiver

system noise temperature,

G/T = 10 log M/T) (MD/A )2 (3-3)

b bl Ll

|
Unniilad iz - 2D

'

|
.

3
=
é
%
k|

E ]
E
- |
2




A

ny. .

- o L ! I [ERE e ' . e g e
Iamod pajeipey 01doxjos] aA10dJq  b-g¢ dandig
(13) H3LIWVIA YNNILNV
oot 08 (2] ov [+4 ]} 8 9 v [4 t
I ] ! T T I I
8PZ - 3UNLYILV
VNNILNY ONV 431 31TdNY 43MOJ — 09
N33/A130 SSOT INIT NOISSIWSNVEL 2
: ZHWCSZB = ADNINDIYS 'L
‘SILON
o/
o8
06
[0 1)
oLt
- ozl

(M8P} 4413

3-10




k . | ;
o .
M M
H, i
M.0001 JoxXTN AqII0YoS
M.0€S aaynduy spoig |suung, M
M.00€ _ Janrjduy owjoweded aaisuadxaug
M.021 11 duy olajauwered pajooouf
M.G€ (M.GZ 38 po100d) zaijtjduy ownjaweled -
, .01 L. "¥ 0} pajood) J3se
: aanjeaadwa], 910N 9A1091T ao1aaQq
, §301AX] ISION-MOT JHS jo danjeaadwa) ISION SA1OAHT “1-€ dIqElL
m i SRS it S-S s S-S BptedN S-S S AP0 SRR BT BN o B - B .




IR b i i Ml

This figure indicates the relative capability of the recefve subsystem to receive

¢ signal, For example a terminal with a G/T of 36 dB requires twice as large
a received signal level for proper reception as does a terminal with a G/T of
39 dB.

Figure 3-5 shows typical values of G/T as a function of antenna diameter

for each of the devices listed in Table 3-1,

3.2.4 Tracking Subsystem

The tracking subsystem permits the antenna to be manually positioned or
to automatically track the satellite, The three techniques used for automatic

tracking in earth terminals are monopulse, step track and program track,
3.2.4.1 DMonopulse

In a monopulse tracking subsystem, a four-horn antenna feed and a
comparator network are used to obtain the necessary antenna beams from a
single aperture, Referring to Figure 3-6, feeds 1 and 3 are summed in hybrid
1, and feeds 2 and 4 are summed in hybrid 2. The two sums are then summed in
in hybrid 3 to give a radiation pattern maximized in the boresight direction
(sum pattern), The difference port of hybrid 3 gives the difference of the
sums of feeds 1 and 3 and feeds 2 and 4, and thus gives a control signal which
is zero in the boresight direction, with maximums of opposite phases occurring

on either side of horesight in the azimuth plane (azimuth difference pattern).

The two difference ports of hybrids 1 and 2 when summed in hybrid 4
give the difference of the sums of feeds 1 and 3 and feeds 2 and 4, and thus a
control signal is obtalned which is zero in the boresight direction, with
maximums of opposite phases occurring on either side of boresight in the
elevation plane (elevation difference pattern). The difference port of hybrid 4
gives the difference of the sums of the diagonal feeds, which is redundant in-
formation so it i{s usually terminated in a load. Comparisons of the sum and

difference patterns are then used to generate error voltages which are used to

keep the antenna pointed in the direction of the target.
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Figure 3-6. Four-Horn Antenna Feed and Comparator

Figure 3-7 is a block diagraxﬁ of typ.ical tracking subsystem, The
azimuth and elevation difference signals are commutated by ferrite switches
contrelled by a digital scan generator. The sequence of the switched output
might be: azimuth difference, azimuth difference shifted in phase by 180°,

elevation difference, elevation difference shifted in phase by 180°,

The commutated output o the ferrite switches is added to the sum sig-
nal by a directional coupler. Since the difference and sum signals are phase

coherent, this has the effect of amplitude modulating the sum signal,

The resultant signals are amplified by the same low-noise preamplifier
that is used for the communication sighals, down converted and demodulated.
The signsis are next decom,nutated and phase detected to obtain error voltages
which are used to drive the antenna so that the azimuth and elevation difference

sighals are minimized.
3.2.4.2 Step Track
The step track antenna feed is a single horn, and amplitude of the received

signal is used instead of its phase to maximize the received signal level.

3-14
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- “—-and elevation, I the signal level increases during the first azimuth movement

The antenna beam {8 moved by preset increments alternately in azimuth

the antenna is moved in the same direction during the next azimuth movement,
If the signal level decreases, the antenna is moved in the opposite direction

the next time, The elevation movement is similar,

In comparison with monopulse tracking, step tracking has the advantage
of being simpler and less expensive, However, there is a signal loss with

step track because the antenna does not always point directly at the satellite,
3.2,4.3 Program Track

In program track, the orbital data relative to the satellite path are stored
in a digital computer which continuously computes the antenna pointing angles

and commands the antenna to point at these angles,

Program track has the advantage of not requiring a signal from the
satellite, However, the cost of this technique has limited its use except for

acquisition.

3.2,5 Intermodulation Problems

Problems arise when a nonlinear process causes transmitted signals to
create intermodulation products within a receiver pass-band, Three cases are
of importance in earth terminals., The first occurs in any FM microwave relay
terminal when antenna or transmission line impedance mismatches cause large
delayed reflections. The second occurs in any amplifier carrying two or more
signals if the signals are large enough so that the amplifier characteristic is
nonlinear, and if the signal frequencies are poorly chosen or too numerous
for ease of control. The third case occurs with the same awkward frequency
selection if the tranamitted signals are present in the same transmission line
with amplitudes strong enough to generate a product within a receiver pass-band,

usually at soime slightly rectifying waveguide joint,

3-16

il
-



E.
3

T TP

BT

R

Sl

e

T

i G
AT TR S T

"‘f"\“gu"‘q‘nﬂ_mw\r? e 1”:»1,‘-%,;?@ ”“""W‘ﬂﬂ

e

3

.
LT

g
£
3

Guied Dimd P Bunw

=4

Sl |

4 &t

AR BBy g oy bed g i 1 B4

3.2.6 Terminal Availability

The availability of a terminal is the fraction of time that it is available
for use. Outages are caused by failures and maintenance requirements, If
redundant standby units are not included in the terminal, the availability is
about 0,96, wlich is too low for DCS treffic, To obtain an availability of about
0.999, at least one standby unit of each type is required except for the antennsa,

diplexer and antenna drive,
3.3 UHF EARTH TERMINALS

The part of the UHF band used in military satellite communications sys=
tems is 240- to 328, 6-MHz and 335, 4- to 339, 9-MHz,

3.3.1 Comparison of UHF and SHF

The downlink free space loss at UHF is 26 to 29 dB less than at SHF and
rain attenuation is not important, Therefore, the gain ol the UHF terminal
antenna can be much less than at SHF, Even when the physical sizes of the
SHF and UHF antennas are about the same, the reduction in antenna gain
results in a wider beamwidth and therefore eases the tracking problemy, How-
ever, reduced data rates usually required for mobile UHF circuits permit further
reduction in size and cost as well as enhanced mobility., UHF has the additional
advantages of lower equipment costs and higher transmitter efficiencies. The
latter is of particular import.'nce in the satellite, where prime power is

limited,

The basic disadvantage of UHF is that the band is heavily used by air-
ground and air-air communications, Because of this, very little spectrum is
available for satellite communications. Therefore, the use of UHF is limited
to sighals with low information bandwidths. The available spectrum can best
be used by having a number of terminals share a common frequency channel
using push-to-talk or hroadcast operation. Therefore, UHF is used primarily
for tactical satellite communications from vehicular, shipboard and airborne

terminals,
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3.3.2 Antenna Subsystem

Large purabolic dishes are not nbrmnlly used for UHF earth terminals,
Typlcal antennas are shown in Figures 3-8 through 3-10, The vehicular terminal
has a short backfire antenna with a gain of 13 dB and a beamwidth of 40°,

A tracking subsystem is not required since the antenna is positioned mechanically,

The large saipboard antenna is an array of four crossed-dipoles with a
gain of 13 dB. The small shipbosd antenna is a single crossed-dipole with
a gain of 8 dB, Both are manually positioned by the operator,

Boti: the airborne antennas of Figure 3-10 are fixed antennas with
typical gains of 0 dB, The crossed-dipoles are used at high elevation angles,

the blade at low oangles.

3.3.3 Transmitter Subsystem

A UHF terminal has only a 70-MHz interface with the modulator, The
modulator output is up converted in a single stage to the transmitted frequency,
Because of the low information rate transmitted, the transmitter power rarely

exceeds 1 KW even in an atrborne terminal,

3.3.4 Receiver Subsgystem

The antenna noise temperature at UHTF typically is 250° to 450°K. Since
this is so high, extremely low-noise devices such as masevr and parametric
amplifiers are not used, Typically a tunnel diode amplifier is used and yields

a system noise temperature of about 1000°K,
3.4 EARTH TERMINAL SITING

The following paragraphs provide criteria pertineunt to the selection of
sites for an earth terminal and related facilities for the Defense Satellite
Communications System, and provide guidance for collection of engineering
design and field survey data, More detailed coverage is provided in Supplement

8 to DCA Circular 370-160~3, "Site Survey Data Book for Communications
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Facilities, ' which furnishes criteria and establishes procedural guidance for

__conducting site surveys and serves as n standard reference guide for those

who have been assigned the responsibiiities for conducting site surveys.

Possible earth terminal locations are tentatively selected prior to a
~detailed site survey, Site survey teams are concerned with determining how
- well the facilities can be adapted to the proposed sites, When several

alternate sites are surveyed for a specific facility, the most suitable and
appropriate site that meets the facility criteria will be recommendcd for

selection,

The following is a presentation of the site selection criteria which have
been used for technical guidance during site surveys, site selection, and sub-

sequent facility design.

3.4,1 Land and Terrain Considerations

Siting requirements for an earth terminal station location should

irclude:

1, For a multiterminal site, a minimum separation between terminals
for protection againct mutual radio frequency interference (RFI),
When one antenna may look over another antenna, the separation
between the two must be large enough to permit the beam path of
the former to have a clearance of at least 5—degree elevation
above the latter antenna, Survivability considerations may also

make an intervening ridge desirablec,

2. Remoteness from heavily populated areas, This is desirable

because:

a, Electromagnetic interference (EMI) from local sources

may cause disturbances in earth terminal antennas,

b. Earth terminal transmissions may cause intermodulation
in local TV and broadcast receivers,
3-22
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i 3. Idealiy, location in a relatively large, basin-shaped area with :

“ "2 uniform horizon mask of about 2, 5°, This would provide

maximum access to satellites in all orbital configurations combincd

- S -----with protection from RFI, assuming that no RFI sources lie within
3l- - mwthé horizon of the terminal in the line~-of-sight of the antenna, In
Ea ' 7 " most cases, however, a perfect basin-shaped site area clear of

“ obstruction will not be found. It is, therefore, necessary to

... . survey the site to determine if therc are obstructions that will

. mask the satellite at any particular azimuth, and to use natural
screcning from interference where possible,

4. Earth terminals should have an uninterrupted source of power
supply. Primary power supplies must have adequate auxiliary power
sources available which can provide emergency (backup) power

during critical and noncritical periods,
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SECTION 4 - MULTIPLEXING, MODULATION AND CODING

4.1 GENERAL

In addition to the satellite and the basic earth terminal, there are three 4 . 3

[

components that can play major roles In establishing satellite communications

RIS e il T i B A gtk el ) il o e . g 1
»
v

circuits, They are the multiplexing, modulation and coding (bit error control)

Al 1

‘equipment, As shown in Figure 4-1a the multiplexer combines various

U AT

signals into a common baseband and passes the signal to the RF modulator,

which in turn modulates the information on the earth terminal transmit car-

T
)
b b i,

A

rier. At the distant end the earth terminal recelvers shift and amplify

i 4l 1

the signal, It is then demodulated and passed to the demultiplexer, which
breaks the common group baseband into the individual signals that were sent.

This is shown in Figure 4-1b,

¥
TN R NI P AR EE

°t The encoder and decoder (shown dotted) may be added to improve bit

’ it error performance in digital systems, The following paragraphs discuss 7‘;
; b the operation and capability of each of these three types of equipment, 3%
B 7;
Lo 4,2 MULTIPLEXING TECHNIQUES
. Multiplexing is a method for simultaneously transmitting several
- messages over one transmission path, There are two general methods for ;
.a accomplishing this: (1) thie division of the available frequency spectrum into _’
5 w discrete bands each of which carries one of the messages, and (2) the
” - division of the available time into discrete intervals which are assigned
g successively to the several messages. The first method is called frequency E
3

division multiplex (FDM) and the second time division multiplex (TDM), :

) 4,2,1 Frequency Division Multiplex :

The most common form of multiplexing presently used is FDM, It is

skl L

] “H"ﬁ T

used {n most terrestrial networks as well as with satellite communications,

and the same principles apply to both media,

. 4-1
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In an FDM system the available bandwidth is divided into several sub-
bands and the various independent information signals {messages) to be trans-

mitted are shifted into assigned subbands, The combined signal is then used

to modulate the final carrier for transmission,

For example, consider a telephone channel requiring a total bandwidth
of about 4 kHz and capable of transmitting one high-quality voice circuit, If
12 channcls are hrought together. the first one will occupy the band from 12
to 16 kHz, the second will occupy tle band from 16 to 20 kHz, the third
occupies 20 to 24 kHz, ctc,, up to the 12th channel, which would be modulated
on a 44-kHz carrier and occupy the band 56 to 60 kHz, This entire band of
frequencies, 12 to 60 kHz, carrying 12 independent telephone channels may
then be placed on a wire linc. modulated onto a UHF or microwave trans-
mission frequency, or used as a group that in combination with other groups
formed in the same way and with successive groups frequency-translated to
higher bands, may form a "supergroup,” And if the transmission bandpass
is sufficiently wide, a number of supergroups are combined for final modu-
lation of the carrier frequency. A group normally consists of 12 telephone
channels; a supergroup consists of five groups, Usually, the first group
occupies a band of frequencics from 12 to 60 kHz, leaving the space from

0 to 12 kHz available for orderwire, signaling, ctc,

By this method, several hundred tclephone channels will be carried on
one transmission circuit, the total numher possible heing limited only by the
power and handwidth of the transmission path and the availability of frequency

N

translating equipment, etc.

At the receiving site, the channels are recovered from the detected
carrier by the use of precision filter nctworks that separate the supergroups
into groups, and the groups into single channels, After combining th2 channels

and throughout the transmission system until channel separation, system

4-3
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. linearity is of vital importance, Nonlinear elements or factors result in

unwanted intermodulation, which causes distortion and crosstalk between

the channels,

Each telephone channel may itself be subdivided into several teleprinter,
data or other digital channels by time or frequency division. Frequency-
division of a single telephone channel is normally accomplished on a tone-
keying basis, Two tones 85 Hz apart are allocated to each telegraph channel,
one for mark and one for space, At the receiver after the telephone channels
have been separated, those carrying telegraph channels are sent through
additional filter systems to recover the keyed tones corresponding to the
telegraph channels. It will be seen that the keying of mark and space tones

is the same as frequency-shift keying of a carrier.

4,2,2 Time-Division Multiplex

Digital coding systems by their very nature offer an attractive means
of multiplexing. In a typical pulse code modulation (PCM) system for voice,
the functions performed by the PCM modulator are sampling, quantizing,
encoding, and modulating. Encoding here refers to tae digital representation
of an analog quantity. This is different from encoding for error correction
purposes, which was referred to in Paragraph 4,1 and will be discussed in
detail in Pavagraph 4,4. Voice waveforms are usually sampled at 8000 Hz,
or once every 125 microseconds, This is often enough for excellent reproduc-~
tion of the received signal, since the upper cutoff frequency of ordinary
speech channels is below 4000 Hz, If the quantization levels are correctly
chosen, 128 different levels can convey the speech message with a high degree
of fidelity, The levels are usually nonuniformly spaced so that small signal
amplitudes are more finely quantized than are the large signal amplitudes.
Each of the 128 (27) levels can be represented by a distinct seven-digit binary

code word; for example, if the levels are labeled ¢ to 127, then the ith level
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~-‘can be represented hy the binary representation of i, The pulse code is then

seven equispaced pulses per sample, with values of 0 or 1 according to the

digits of the code word,

Finally the sequence of bits or encoded quantized voice samples, is
modulated in an appropriate manner for the transmission medium. If the
bandwidth and signal-to-noise ratio of the transmission channel are greater
than necessary for the single PCM signal, TDM may be used to multiplex
additional messages and send them all over the same channel, An example

of how this may be done is shown in Figure 4-2,

In Figure 4-2, the multiplexing occurs at the earliest possible point:
between sampling and quantizing. Muitiplexing could take place at a later
point, for example between encoding and modulation, but this would require
separate quantizers and encoders for cach baseband., At the receiver the
order of the processing is reversed and énch baseband is low-pass filtered

to recover the original speech waveform as shown in Figure 4-3,

In addition to the bits representing message information, TDM/PCM
systems usually transmit bits for supervisory signaling and frame synchro-
nization, One frame is the group of information and supervisory bits
produced during one revolution of the multiplexer commutator, A typical

frame fcrmat is illustrated in Figure 4~4,

In Figure 4-4, 3 bits have been allocated to supervisory information,
such as message identity and length, and to frame synchronization, Sewven
bits have been allocated to cach of the three voice channels, Assuming the
original sampling rate of 8000 Hz per voice, the transmitted bits will be

spaced 125/24 = 5,2 microseconds apart.

Any mode of digital coding lends itself to time-division multiplexing by
interleaving channels, The only requirement is that the receiving equipment

be able to separate the several channels so that the sample pulses may be
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 used to reconstruct the original modulating signal with diatortion within

acceptable limits. .
4,3 MODULATION TECHNIGUES (RF) g

The process by which information is impressed on a suitably choosen

o TR Y T e TR TR g
)

RF carrler frequency for transmission is referred to as modulation, The

two forms of modulation that are normally used to convey information are

i 02301

analog and digital modulation processes, Analog mcdulation methods encom-
pass those techniques which vary the amplitude, phase or frequency of the

carrier over a continuous range of values {n response to source information,

L T

Digital modulation methods encompass those techniques that cause discrete
changes in the amplitude, phase or frequency of the carrier after the source

information has been digitized into a stream of marks (ones) and spaces

[ I VL RN

(zeros) prior to the carrier modulation process. Both analog and digital .
modulation methods attempt to convey the source information using the
minimum amount of available average power and bandwidth while maintaining

, the system performance goal or quality of the transmigsion,

The performance measures applied to analog modulation systems do not i

e

coincide precisely with those applied to digital modulation systems. For an
analog modulation system the performance is nsually nieasured in terms of -
receiver output signal-to-noise ratio (5/N) for a given receiver input S/N

ratlo where the bandwidth of the measurement is equal to the intelligence

I O N P RR U e

bandwidth of the source (e.g., the highest frequency component of the source

if the bandwidth of interest starts at zero frequency), Digital modulation

system performance, on the other hand, is usually measured by the probability

: of error in making a decision at the recelver as to which information hit (1 orv
0) was sent (probability of bit error or bit error rate). Despite the differences :

in performance measures there are many unifying features between these two o

modulation schemes that can form a basis for comparison. The principal
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“romparison standards usually used concern the efficiency of -both techniques
in their use of average power and bandwidth whén compared to a theoretically
ideal system standard, For eithexr technique, performance is a function of the
bandwidth expansion factor, m, of the modulation process. The bandwidth -
expansion factor is defined as the ratio of RF spectrum required to the total
intclligence bandwidth which is transmitted by the information source, For
analog modulation techniques, the spectrum occupancy is strongly influenced
by the highest frequency, fm' which {s containe.d in the modulating signal; |
for digital systems tne spectrum occupancy {s strongly dependent on the
transmitted aata rate, R, in bits per second. In bhoth systems the RF spectrum
or bandwidth occupancy of the modulated signal will be designated as B Hz
and this bandwidth must he less than or ecqual to the total available channel
bandwidth, W {i.e,, E & W Hz), Consequently, m ig defined as:
B/fm; for analog modulation
n = v . (1-1)
| B/R; for digital modulation '
The classic work of C, E. Shannon is used to demonstrate the power/
tandwidth tradeoff inhereunt in modulation systems, Shannon's equa‘ion gives
the maximum rate, called the channel capacity, which can be transmitted

theoretically vver a channel, The equation is written:
C =W log, (1 (P/N)] (4-2)

where C {s the highest possible data rate in bits per second that can be
reliably transmitted over a bandwidth W, when the recciver has available an
average signal power of P watts and an average thermal noise of N watts,
Starting with Equation (4-2), relationships between power and bandwidth for

analog and digital modulation have been derived.
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For analog modulation Shannon's equation can be rewritten as:

S m
S { 1
(n) = [“(N ; )m] - “-3)
0 o m , , i
where  ( % ) = detector output signal-to-nolse ratio,
Sl
and = receiver input signal~to-noise ratio in the intelligence

o m bandwidth,

Thus, the right side of Equation (4-3) is the upper boundary on the value of
(%) . Figure 4-5 is a plot of Equation (4-3) for various values of m, including
A

m = e, It i{ndicates the reduction in required power input with the increase

in bandwidth for analog modulation systems,

For digital modulation Shannon's equation can be rewritten as:

1/m
v 2 i - -
I-:b/rwo m (2 1) (4-4)
wherve Eb = energy per bit of information
and NO = noise power density (watts per Hz),

The term Eb,’N0 is a commonly used factor in deftni'ng power required for

transmitting digital tnforma!;lon.

The factor Eb/NO is plotted In Figure 4-6 and represents a lower bound-
ary on the required value for high-quality reception, The bit error probability
is a function nf Eb/No in any digital modulation system, Digital modulation
can operate with values of m less than or greater than 1. Using m less than
1 corresponds to cach symbol containing several bits of information. This is
termed multilevel digital modulation, As expected from IFigure 4-6, the
bandwidth reduction is accompanied by an increase in the power required for
a given bit error rate, However, using several transmitted symbols to convey
one bit of infcrmation increages the bandwidth but allows a reduction in the

required signal power.
4-10
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4,3.1 Analog Modulation Techriques

P

g T - 4.3.1.1 Amplitude Modulation
E In this paragraph the most commonly used analog modulation systems,
. ; ‘ ‘amplitude modulation (AM), and frequency modulation (FM) will be introduced.
< = A
£ Thetr performance will be investigated and compared to a theoretically ideal
o system's performance,
, .- The basic equation for an amplitude modu. ted carvier is:
S y(t) = .‘\.Oll + Yf(1)] cos 2rrfct (4-5)
T where  y(t) = modulated carrier
T e AO - amplitude of unmodulated carvier
o b4 - modulation index, <Y< 1
5 f(t) modulatirg signal, [“it)] <1
; s f, = frequency of carrier
' : The spectrum of y(t) will contain the original carrier, as well as components
k . above and below the carricr frequency, as a result of the modulating waveform,
£ _ ft). Thc relationship between the spectrum of {(t) and that of yit) is shown
B ) in Figure 4-7.
E F
r - In Figure 1-7:
E . -,- F{2rf) = Fouricr transform of f(t)
E : A
Pl Y@7f) = Fouricr transform of y(t)
S fm = highest angular frequency in the modulating waveform, f(t).
I Threc commonly used amplitude modulaticn techniques modify the
modulated carrier spectrum in dJifferent ways., Double sideband AM (DSB-
oo I A1) uses the carricr and hoti: si i bands, as shown in Figurc 4-7, [n double
o sideband suppressed carrier AM (DSB-SC-AM) the carrier is elinunated,
I 4-13
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in single sideband modulation (SSB-AM), the carricr and one sideband are

~‘eliminated,

The performance of these forms of AM is illustrated in Figure 4-8

i

where (S/No) receiver output signal-to-noise ratio

(Si/NOfm) receiver input signal-to-noise ratio measured within

the intclligence bandwidth, 0 - fm'

[For comparison the curves vepresenting theorctical upper performance

boundaries of analog modulation systems are repeated in Figure 4-8,
Note the following observations:

1. The most efficient form of DSB-AM (that with modulation index
Y < 1) is about 5 dB poorcr in performance than DSB-SC-AM or

SSB-AML

2.  The modulation index ¥, which relates the amounts of power in
the carrier and the sidebands, does not appear as a parameter
in the performance curves for DSB~-SC-AM and SSB-AM since

these forms of modulation do not transgmit a carrier component.

3. The performance of SSB-AM cquitls the ideal system performance

for m =1,

4, DSB=SC-AM perforins s well as SSB-ADM on a signal power basis

but requires twice the bandwidth,

4.2.1.2 Frequency Modulation

An PM signal may be expressed in the form:

Sir Acoserlf (- f fs (t) it (1-6)
0 d m

kil ;

™ JMMEA‘MWL\A«MMN e

il

e il




T ETERLIAT Eo o et e ety vna e i

o
R A TSRS L5 Tl U PG - DL S

[ LR N s A R T I L TR & SR R L 17 T S S
e e s - - e . - RN . - - -~
- 3 " . 1 t Al [ » . '

—
I | I
—— —_—
= = S
< Y o~
TN & an
i "
o v »wE
wE & S ~__
o~ ] _
11 ~=—
-~
N /
...
'....
‘.".
...
)
00-0’ -
s
%e
- oy, Sy
“eoen., o,
-a-uonnc ooonc
loee,, e,
e, *oe,
P eenan,, Sreee., Seu,
Seenne. LTS - Couy T
hid TT P9 bl L P e,
8 TIF Soeves RAL YV b
vy -~y
.41:.--.-:.--.'.:-:uonono::“-o:
luoacnl!-o‘"”““n
N

e R

THEORETICAL

LINTS

(gp) %N/

10

-‘10

40

30

10

-10

S| "No'm (dB)

Analog AM T 2rformance

Figure 4-8,

e LT i b e bt il i

4-16




TATIPTEN Y

i

ATITERT

s g

A 'w

]

b4

aehi B i = = R I I s T

=
=

é

wherc Sm(t) = the modulating process; Sm(t) | £1forall t;e.g.,
cos 2nf
m e
fd = the maximum instantancous-frequency deviation §
=z 1]
Y - the modulation index —f,/{f | : - 2 —§
d m - o .
Frequency modulation derives its name from the fact that the instan.- 7 éé
tancous frequency, denoted f., depends linearly on § (t); that is: %5
£ dt Lt df ] - f 1S (b (4-7) E
The RT spectral occupancy of an FM signal is normally taken as: Sj;
2f il 2 3
B- (}' Y21 (4-8) g
of ,y <1 3
m i
B is often called the Carson's Rule bandwidth for an FM modulution system, g
Under certain conditions the performance equation for I'M has the following %
=3
form: 4
2 S
(S,/N)o-' (3/2)yy~ (_i) (+-9)
Nf.
om

The conditions which must be satisficd for Equaition (4-9) to be valid
arve that the FM demodulator is operating above threshold, the Sm(t) function
is varying slowly (quasi-static assumption), and ¥ >>1, Equation (4-9) can
also he expressed in terms of the bandwidth expansion [actor as follows:

S

i
N f
om

(S/N)_=3/2 (% -1)° ‘m =>4 (4-10)

This relationship deseribes the performance of an I'M system provided the
FM demodulator is operating above threshold. The threshnld region is
gualitatively defined as that value of input 8/N below which the demodulator
performance exhibits anomaious behavior (e, g, phase flips and cycle skip-
ping). To avoid this type of hehavior the input SN, measured in bandwidth
B (Equation 4-8), must satisfy the following constraints:

4-17
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210 log, . 2 . T(@B) (4-11)

N f 10 f
m

om
where the threshold level is T, ' -

Whereas conventional demodulator thresholds are 12 dB, values as
low as 3 dB may be realizable with more advanced demodulator designs
such as phase-lock loops or feedback eceiver implementations, \When the
demodulator is operating above threshold, the performance bandwidth trade- ’ x
off given in Equation (4-10) is obtained. Results for some tvpical values of |
bandwidth expansion factor are shown in Figure 4-9, with the theoretical
performance boundary from Equation (4-3), Note that increasing (S/N)0 for
a {ixed (Si/Nofm) requires less efficient spectrum use (i.e., large ¥ implies
B/fm>> 1) and that the theoretical performance curves can only be approached
if the demodulator threshold is reduced. Practical design problems prohibit
continued reduction of the threshold and hence prohibit achievement of
theoretically ideal performance, Figure 4-10 illustrates the use of preemphasis
to compensate for the nonlinear rising spectrum of noise from the demodu- o

lator,

4.3.2 Digital Modulation

A good digital modulation system is one which commnunicates the
maximum amount of data reliably, The performance of a digital system is
bounded theoretically by Shannon's classical results, which state that
given sufficient processing, data at rate R in bits per second can be communi-
cated with arbitrarily small error through a channel of capacity C, provided
R < C. More snecifically if a channel is linear, restricted to bandwidth B,
has average power Si’ and is perturbed by additive white Gaussian noise

(with single-sided noise power density NO), tuen:

4-18
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RsC=-Blog, |1 T (4-12)
- 0

This equation can be rewritten in terms of the system bandwidth expansion
factor (m - B/R) and die available energy per bit-to-noise density ratio,
E /N -8 /N R, as follows:
h o i" o
E R

b_
N B
o

R/Ds lng2 (1 + (4-13)
\

This leads to Equution (1=1) which gives the minimum possible energy per

hit=to-noise density ratio that 1s required to reliably communicate with band-

width expansicn factor m.

In a binary digital communication system (higher-order or M-ary
systems are pussible bat will not be discussed), the transmitter selects and
sends one of two basic waveforms depending on whether a binary zero or one
is delivered by the digitized , ¢., sampled and quantized) information source,
For example, if the Nth term of the binary digital sequence is a zero, the
system transmits, during interval NT< t s (N * 1) T, the signal waveform
So(t); if it is o one, the system transmits Sl (t). Since T seconds are required
tn transmit one symhol »f the sequence, the transmission rate is 1/T symbols
per second, If the binary data source sclects the bits of the sequence with
caqual probability and independently, then each symbol conveys ore bit of

information and hence the information rate is 1.'T bits per sccond, Because

of the addition of noise (¢, g, , the rezeiver will always have-a {inite temperature

and thus will add o finite noisc power density to the received signal), there
will be a nonzero probabiliiy that the receiver will make an crror when
attempting to decide whether S“(t) or Sl {ty wits transmitted,  The performance
of the digital system thercfore is measured in terms of the probability that
the receciver will ¢rr in making this and subsequent decisions, To calculate

the performance of a purtleular digital modulation technique requires knowledge
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~ of the form of the waveforms selected for transmission, the transmission

channel characteristics and the exact structure and decision rule employed at
the receiver., The signal waveform characteristics of intercst are the energy
per signal, the spectral occupancy and a measure of the basic difference in the
signal structures used to represent transmitted zeros and ones (this latter
characteristic is referred to as the signal's normalized inmer product and

is denoted as P), The channel characteristics of interest pertain to its linearity,
phase respons¢ and noisc properties, The receiver structure details pertaiin
to the a_priori knowledge assumed to exist regarding which signal was sent,
knowledge of the signal structure (i, e., the signal's epoch, amplitude, phase
and frequency), and the decision rule employed. For example, if informution
is conveyed by shifting the carrier phase 180° to represent a one and by 0°

to represent a zero (space) and all other aspects of the waveforms are identical,
the system usually is referred to as binary antipodal modulation, or simply
binary phase-shift keying (PSK)., For an additive white Gaussian noise channel
that permits retention of carrier phase information, the optimum receiver

can be shown to be a coherent matched filter receiver with one filter matched
to cach of the phase states sent at the transmitter, Exact knowledge of
received signal time, phase and frequency is required to imnlement this ideal
detector, and the decision rule ls simply to look at the outputs of the matched
filte - ~ry T seconds and decide la favor of the filter with the largest

outputr (this assumes ones and zeros are equally likely to have been transmitted
and that tles are resolved by simply flipping a coin), For this binary PSK

system with a coherent ideal PSK detector, the performarce is given by:

2E
1?'E = Q(\/%)); (coherent, antipodal PSK signals) (4-14)
0

1 x 2
where Q(X) = - exp(-y /2)dy
o1 J-w
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and the normalized inner product a measure of the correlation of tue binary

--signals, is: ‘ : SRR

T So(t) Sl(t) dt :
P f 5 = =1 ; (antipodal PSK signaling)
0 b
In the event that the channel does not permit a coherent detecter te be
built; i, e,, the received signal's phase is a random variable, -7 < ¢ <,
an optimum noncoherent receiver may be built, In this case decisions can
be based on the magnitude of the envelope of the received signal (since the

phase information has been destroyed by the channel),

The transmitter can elect to send one of two frequencies (frequency-
shift keying, FSK), to represent the binary source data, Such a selection
causes the normalized inner product, P, of the signals to be zero weferred

to as orthogonal signaling) and the performance is given by

~E
PE E -;— exp ( 2ND )5 (noncoherent, orthogenal FSI{ sitnals) (4-15)
(o]

IF'or coherently detected orthogonal signal sets, such as coherently

detected frequency shift-keyed (FSK) signals, the performance becomes

PE = Q \/:—b— i {coherent, orthogonal IFSK signals) (4-1G6)
: N
o)

For all but high PE cases the Eb/.\lO required to achieve a given PE with non -

coherent reception is about twice that required with coherent reception,

& pa . - R . ,
L} chergy per hit  E for these systems, since there is one bit per symbol,
)
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An Intermediate case, referred to as "differentially coherent PSK,'" is
also of interest with binary digital systems, Unlike the preceding systems,
in differentially coherent PSK (A PSK), a binary one dictates a change in phase

in the transmitted signal and a zevo dictates no change in phase. The receiver

“requires two sets of detectors with overlapping operation; while onc operates

-on the reccived sighal during even intervals forming decisions on even-

numbered data symbols, the other operates during the odd intervals forming
decisions on the odd-numbered data symbols, In effect the phase of the pre-
Eeding symbol serves as a reference for the present symbol, The performance
of A PSK is given by
P = — exp (;E-); (4 PSK) (4-17)
E 2 NO

It should be noted that for a given PE exactly onc half the energy is required

ina A PSK system relative to the noncoherent orthogcnul signal case (non-

cohzrent, FSK),

7 Performance curves for each of the binary digital systems discussed
above are shown in Figure 4-11, Finally, the bandwidth expansion factor
for these signaling schemes can be shown to be:
B 2 ; orthogonal (FSK)
m = E‘ = (4-18)
1; antipodal (PSK uand A PSK)

Generalizations of these basic concepts to higher-order alphabet systems
(M--ary) are conceptually easy. Digital communication systems of this type
us¢ K consecutive symbols of the data sequence to select and transmit one
of M - ;2K stored signals (K - 1 for binary systems), The performuince
obtained requires Jess Eb/N0 than for the binary case but requires an expo-
nential increi e in bandwidth and veceiver complexity relative to the binary

signaling schemes,
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In the preceding discussions on the performance of digital modulation/

BT TR

demodulation (modem) techniques, the probability of hit error (PI,‘, for a given e

- cenergy per bit-to-noisc-density (Eb,--’N } ratio was used as a measurce of how
O

ik ol

3 3 well the modem could operate, A modulation technigue that satisfied the

ot nli

H system probability of bit crror (P) specification without requiring an

E
Uxcessive El /N ratio (Eb = ratio of average reccived carriev power to data
Y o

ol i

T

rate, PR Y or bandwidth allocation was deemed an acceptable choice, Further-
N

more, since the performance of an ideal digital system could be calculated

] under certain conditions, it was possible to assess how any particular choice

1 of modem deviated trom the idcal and to quantitatively measure how much

b i ¢ e, 1 <t

loss was incurrced relative w the ideal system, Ta specify the ideal system's

performance it was necessary that the channel, or modem-transmission

medium combination be lincar, restricted to bandwidth 13, average power P

et Ll ) e il o

and be perturbed only by ¢ iditive white Gaussian noise (AWGN), with single-

stded noise power density NO (watts/Hertz). These considerations are of more
than academic interest since many satellile communication systems can be
modeled as an AWGN channel, It is precisely for this rcason that forward

acting crror corrccting (FEC) coding techniques can and should be applied to

1
-gi
E]
1
1

satellite communication system designs, These FEC techniques allow ¢ system
design that better upproximates the ideal system's performance, In general,
the coding technique changes cach information bit--input from the source~-
into a sequence of binary digits or symbols before transmission over the
satellite channel, The coded sequence or representation of the information
bit has a structure that permits the complementary decoding technique at the
recciver to properly identify the transmitted information bit despite errors
thut vecur in the coded sequence because of the channel noise conditions, The
scet of rules used to represent an information bit by a scquence of symbols ut
the transmitter is referred to as an encoding technique and the corresponding
sct of rules usced to unscramble the received sequence to ar information bit is

4-26
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referred to as a decoding technique or algorithin,  When the encoding-decoding

technique does not rely on retransmission strategies to decode an information
bit it is referred to as an FEC coding strategy or technique, These F'EC
techniques are distinctly different from automatic repeat request (ARQ)
techriques that rely on detecting the presence of an error in the received
sequence (only detecting not correcting) and automatically requesting a re-
transmission of any bit or sequence that has been dctected to contain errors,
In satellite communication system applications, ARQ techniqucs are of only
limited utility since the long propagation dclays (1./4 sccond) and occasionally
high error rates due to rain severely limit the throughput of ARQ systems.
Conscquently only FEC techniques will be treated in the remainder of this

discussion,

The placement of an FEC encoder-decoder in a typical communication

system configuration is indicated in Figure 4-12, Thus, from the FEC

coder's standpoint, the channel includes the items shown between the dotted

lines of Figure 1-12, There are two broad classes of error-correcting codes;

namely, block codes and convolutional codes. With block coding techniques

each group of K consecutive information bits is encoded into a group of N

symbols for transmission over the channel, Normally, the K information

bits are located at the beginning of the N symbol block code and the last N-K
symbols correspond to parity (check) bits formed by taking the modulo 2*

sum of certain sets of the K information bits, Block codes exhibiting this

property are referred to as systematic block codes, The term block code
stems from the fact that each block of N symbols corresponds to a particular
group of K information bits, The encoded symbols for the K -+ lst bit and
beyond are completely independent of the symbols generated for the first K

information bits, and hence cannot be uscd to help decode the first group of K

#Modulo 2 binary arithmetic is normal except that 1 @ 1 ~ 0 where the input
information stream is assumed to be in binary form; that is, 1 = mark and
0 = space, For example, 0011 + 1010 = 1001,

1-27

- e i R T T R )
h bl L i 5 - il A oAbt b 0t

: i "y .

kM walhai




woIsAg uoneownwiuwio) [eadL “Zi-p sandrg

yoLvINaowida j|“lv 4300230 P ANIS
|
|

4-28

H3ANOJLSNVYHL
3417731vS
'3 SH1vVd
NOISSIWSNVY Y1

HOLYINAIW TI 4300ON3 (d—i  3D8N0S

TINNVHI V_




-

| .

I
1
|
|
I
|
|
!

information bits at the receiver, Because N symbols are used to represent K
information Lits, the (code) rate (R) of such a block code is K/N bits per
symbol (R = K/N), The encoder structure for the (N=7, K-4) binary code

is shown in Pigure 4-13, The information bits are stored in the K=1 storage
devices, and then the device is made to shift N-7 times, The first K

symbols that come out will be the information symbols, and the last N-K
symbols will be a set of check symbols that form the whole N symbol word.

A block code is often denoted with the symbols (N, K, t); N corresponds to the
Llock length, K to the number of information symbols in the word and t to the
number of errors in a block of N symbols that the code is guaranteed to

correct, The cud:. of Figure 4-13 is a (7, 4, 1) code in this notation,

Figure 1-14 is a block diagram of a convolutional encnder. Information
Lits are shifted to the right through the L stage shift register as new information
bits enter from the left, Bits out of the last stage of the shift register are
discarded, The bits are shifted onc position each T scconds, where 1/T is the
information rate in bits per scecond, The modulo-2 adders are used to form
the parity check bits, cach of which is a binary function of a particular subset
of the information bits in the shift register, The parity check bits are seen
to depend on a sequence of L information bit.,, so that the constraint length

of the code is L.

Once cach T seconds, the terminals labeled 1, 2.,., r are sampled
in succession, Thus for cach information bit fed into the encoder, there are
r parity check bits at the output, These output parity check bits are referred
to as symbols, Since each symbol carries an average of 1/r information bits,
the code is said to have rate 1/r.

When the first modulo-2 adder is replaced by a direet connection tn the
first stage of the shift register, the first symbel becomes a replica of the
information bit, Such an cncoder is termed a systematic convolutional encoder,

The code can be thought of as forming a tree structure, At each node
the information bit determines which direction will be taken; up for a 1 and
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down for a 0. The r digits occurting on the branch sclected correspond to
the output symbols, A particular sequence of informution bits then descvibes
a particular path through the code tree, This will be illustrated by the

follovwing cxample,

Consider the rate 1/2 encoder of IMigure 4~15 and let the shift register
contiin all zeros initially, Now assume that the input scequence of information
bits is 1100, ,., The path defined by this sequence is illustrated us the heavy
line in the code tree of Figure 1-16, Since the code generated by this encoder
is a systematic code, the ficst digit of the output at cach branch is the infor-
mation bit, as shown in Figure 4~15. The secound digit is the output of the
modulo-2 adder in Figure 4-15, After the first informatisn bit is fed into
the shift register, the contents arc 1000000, .., so that the output of the adder
is 2 1 and is shown as the second digit on the first branch of the code tree,
After the sccond inpul to the shift register, the contents are 1100000,, ., and

the adder output s a 0; this is easily scen since the modulo-2 sum of un cven

number of 1s is 4 0, Continuing in this fashion, the remaining portion of the

e

tree can be constructed. It should be noted that unlike block codes, convolutional
3 codes have no formal block structure in the generated code words, That is,

i past information bits do have an influence on the symbols used to represent a
present information bit, The code can he constructed by taking the convolution
of the shift register tap connection set (c:.de generating polynomial) with the

information bit pauern; heace the name convolutional codes.

i gy ST

Decoding algorithms for block and convolutional codes are usually quite
different. The formal structurc of the block encoded words permits decoding
by taking advantage of the the known structural properties of the words or the
algebraic nature of the constraints among the symbols used to represent an
information sequence. Examples of decoding algorithms for bloek codes are’
the 1lgebraic decoding techniques of Peterson, Chicn and Berlckamp for the

Bose~Chaudhuri (BCH) codes, Decoding of convolutional codes, on the other
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hand, is often done using the probabtlistic techniques of Wozencraft (sequential
decoding) or Viterbi (Viterbi decoding)., These latter techniques vely not on
the algebraice structure of the code words but on the ability to home in on the
correct sequence by designing efficient search procedurces that discard
unlikely sequences very quickly, As an example, consider a sequential
decoding algorithm for convolutional codes, The symbols presented to the
decoder are the symbols generuted as deseribed in Plgure 4-14 after they

have been corrupted by noise. In i communication system the output of the
demodulator would constitute the decoder input, Assume that the syrbols
presented to the decoder are 1s and 0s, cach symbol being in errov with

probability p (i.c., assume a binary svmmetric channel),

The decoder contains 2t duplicate of the encoder, whose shift register
contains the received information bits, By comparing the input-code=-plus-
noise symbols at the input to the decoder with the symbols found at branch

points of the tree as in Table 4-1 the decoder attempts to find the most probable

path through the code tree,

The sequential decoder diffcrs from most other types of decoders in that,
when it finds itself on a wrong paith in the tree, it has the ability to search
back and forth, changing prcviously decoded information bits, until it finds
the correct path, The frequency with which the decoder has to scarch back,

and the depth of these Lackward scarches, is dependent on the value of the

channel crror probability (p).

Ome of the most important propertics of @ sequential decoder is that, if
the chosen constraint length is large enough, the probability thit the deceder
will make an error becomes negligible (e.g., less than 10_9). The type of
error that becomes significant is the occurrence of an overflow, which is
defined as being a situation in which the decoder is unable to perform the
necessary number of computations in the perfuinuumcee of the tree search, To

be more precise, a computation is defined as hiving occurred when the decoder
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Table 4-1. Sequential Decoding Procedure <
= Message 1 1 0 0 Notes
Cuole 11 1u 0l (13} Flg. 4-16
Noise a0 10 00 [iY] Assumed
- input 1] 00 01 01 Code - Noise
Decision Total
1 GoTao 11
L 0 determinate
2 Try 11 10
an 10 1
N Try n 0
3L £ 1 same as above
3 Try 11 10 10
1] mn 11 3
Try 11 10 01
B 111 I B 1 lowest possible
Try 11 01 11
00 01 0 2 check
Try 11 01 00
- L 1 U 1 2 check
4 Go To 11 10 01 01
0o 1 0N 00 1 lowest possible
Try n 10 0 10
00 . ... ... 10...,... 17/ RS & :‘;J(‘hcck !
J

NOTE: Total is sum of digits tn sum modulo 2 of Input and linc above Total

® = modulo 2 addition; e, 1 O 1 - 0




examines a patt hrough the decoding tree, Since the decoder Is abl - to search
ack an” - 1 *hy o gh the tree, and does 30 according to how the errors arrive
at the de oo e mput  the number of computations the decoder must make to
decode .~ inferination bit is 2 random variable, An important parameter in
the system then becomes the average number of computations per decoded
information bit, Au long as the channel error probability (p) is not too high,
the probability of decoder overflow will be acceptably low and thus satisfacicsy

performance results,

The performance of block decoding algorithms, however, is determined
by the number of errors that the code is guaranteed to correct {t) in o block
of N received symbols, If the channel error probability (p} i= too high then
the probability of obtaining t + 1 or more errors in a bloc! of i symhols
becomes significant and hence the decoder will fail in its =iteinnt to identify

the transmitted code word,

Up to this point it has been assumed that the demodulator supplics
only hard decisions (thac is, the demod output has been hard=-limited) to the
decoder, If instead the demodulator output is quantized into 4 or 8 levels
(2- or 3-bit quantization, respectively), certain decoding algorithms can use
this additional informatior to obtain a lower probability of ¢cutput bit error
than if supplied only with hard decisions, Both the sequontinl and Viterbi
decoding algorithms can effectively use this soft-decision demodulat v infor-
mation, giving these algorithms a distinct advantage over algebraic lecoding
techniques that cannot easily account for this added informatic In n 1king a

final decoder decision,

To gain some insigh! Into the performance of error-correcting codes
on random error chaunels, Fizure 4-17 is plotted, Five codes of moderate
complexity are shown, These are: BCH (15,7), Golay (24,12), Viterhl
(K=4), diffuge threshold (K=4) and sequential decading,
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The curve for the sequential decoder is based on a rate 1/2 code
operating on a hard-decision binary symmetric channel (BSC). The curve
is shown as a nearly vertical lire to emphasize the relative insensitivity to
undetected errors, One of the curves for a Viterbi decoder is for 3-bit
quantization (Q=3) and the other is for the hard-decision case (Q=1). The
remaining curves are based 6n calculations, Several observations from

Figure 4-17 are worthy of note,

For the narameters shown, the Viterbi decoder with Q=1 provides
performance exc2eding that of the block codes and the threshold decoder.
The advantage of the Viterbi decoder is even more apparent when quantization
is considered. Using u quantized version of the demodulator output, in lieu
of hard dzcisions, improvés performance on the order of 2 dB. This

‘mprovement may not be directly realized with block codes.

Another pertinent observation from Figur~ 4-17 is the increased slope
of the sequential decoder curve, This may be particularly imporiant iu

~10
regard to performance requirements on the order of PEslo 1 .

As an example of how effective FEC techniques can be in a satellite
communication system, consider the performance of the coded systems in
Figure 4-17 relative to the no-coding (ideal PSK demodulation) system also
shown in this figure, For a 10-5 output bit error specification, the improve-
ment in required Eb/N0 for these systems is shown in Table 4-2, As shown,
the largest coding gain is supplied by the sequential decoder, 5 dB. This
means that for a fixed received average power to thermal noise density ratio
(Pr/No), the sequential decoder system can support a 5-dB higher data rate
(3.2 times more data) than the uncoded system, or correspondingly, the same
data rate as the uncoded system with 5 dB less average power. Furthermcre,
{f even lower output probability of bit error rates are required than 10-5, the
gain of the coded systems (particularly sequential decoding) relative * - the

uncoded system is even inore impressive, Finally, it should be emp :sized
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Table 1-2, Eb/No Coding Gain for Scveral Coded Systems

- System Required E, /N at Gain (E, /N Uncoded -
- " b o b o
= 10 " (dB S ing
; (IB) hb \IO Coding) dB
; No Coding 9.6 -

(15.7) BCH 8. 65 1
Threshold 8.5 1.1

Golay (24.12)

-2
93
[y

—

Viterbi (Q=1)

-1
—
N

Viterbhi (Q=3)

jo2 ]
.

—
L
<!

Sequential (Q-1) 1.6 5

that this sizable coding cain comes at the expense of only a 2 to 1 increasc in
channel bandwidth, All  the coded designs shown operate at a code rate of
1/2 (bits/symbol) and hence the bandwidth required, for a fixed modulation

method, is twice that of the uncoded system design. That is, the symbol

e T A QI

riate is 2 times the data rate with a rate 172, bit per symbol code, This is
a very moderate price to pay for the dramatic savings in satellite power

obtained with sequential or Viterbi decoding.
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SECTION 5 - SATELLITE LINK ENGINEERING

5.1 GENERAL

The design of a satellite communications link involves many interrelated
factors. This section describes the general design considerations applicable
to many types of satellite communication links. The key parameters are
described and typical values are given. The section describes the character-
istics of traffic carried by the link, the considerations involved in the choice
of a frequency for the link, and the bandwidth requirements of the traffic and
bandwidth capabilities of the important link elements, The important param-
eters and the performance of satellite uplinks and downlinks are defined and
examples given. Finally, link performance requirements are related to the
kind and amount of traffic that may be carried, This results in development
of tables relating traffic requirements to satellite transponder power, which

is a crucial element in the overall satellite communication system design,
5.2 TRANSMISSION REQUIREMENTS

5.2,1 Analog Requirements and Standards

Two types of analog signals that are transmitted are volce and television.
An anlog voice channel is allocated a 4-kHz bandwidth. As described in Section
4, voice channels can he stacked by the TDAl technique into groups of 12 channels
and into supergroups of 60 channels (5 groups) for modulation of a carrier. The
important parameters to be controlled for end~to-end voice transmigsion on a

)

glotal-yua’ity channel are:

®  Gain variation versus frequency: -3 dB to +6 dB referenced to 1000

hz ove: 200 Hz to 3400 Hz

® Circuit Noise: NMedian value of 10, 000 picowatts psohometric at a
point of 0 dIs transmission level (pWp0) per satellite hop plus 131
pWp0 for multiplex operations, This is equivalent to a weighted

test tone-to-noise ratio at the receiver of 50 dB

5=~1
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@ Echo magnitude: 30 dB or more round--trip ccho loss,

The valucs given are military specifications for a global-quality voice
channel, applying to DSCS Phase II Stage 2, For sStage 1, 25,000 pWpo arce

permitted.

The comnmercial recommendation for a television channel is a video band-
width for 5 MHz and a ratio of signal to weighted nois2 at the raceiver of at

least 55 dB for 99 percent of the time,

Voice is the normal analog communication signal currently used in
military communications, In designing an analog voice communications systcem
account must be taken of the characteristics of speech signals and the statistics
of telephone talkers, In general, the amplitude of a single speech signal can
vary as much as 30 dB, For transmission, it is important to keep the average
power as high as possible without clipping the speech too much in peok-power-
limited systems, It has been experimentally determined that the average power
can be maintained about 2 B below the clipping level without causing the peaks
to be clipped more than 0,01 percent of the time when the number of channcls

is very large.

When a number of analog voice channels are imultiplexed for transmission,
the average total signal power is much less than the simple addition of individual
channel powers., The speech load factor is not constant and it has been deter-
mined from statistical arnalysis of telephone traffic that the average power, P,

in dB duc to N channels, relative o the test-tone power of 1 milliwatt is:

P =~ =15 +10log N N>240

P o=1 + dlog N 125N =210 15=1)

5.2.2 Digital Requirements and Standards

The informuation to be transmitted digitally, initially, may be either analog
or digital, If it is initially aralog, then an analog-to-digital converter is

required at the recciving transmission end and a digital-to-analog converter
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may be required at the receiving end, Analog volce, for example, is usually
digitized to 64 kilobits per second (kbps)., This rate is based on an 8-kHz

sampling rate and a 128-level (7-bit) amplitude quantization as discussed in

Paragraph 4.2, 2. An eighth bit is added for parity. Imagery is also digitized,
- resulting in high digital data rates.

The lowest digifal data rate normally transmitted in a communications

. transponder is 75 baud (bps) teletype (TTY). Iif analog voice is also being
transmitted, four or more TTY signals may be placed in one voice channel,
The highest presently anticipated digital data rate traffic is about 10 megabits

per sccond.

Digital dzta may be transmitted with or without coding, Coding increases
the bandwidth but decreases the transmitted power required from the transponder,
The criterion of system operation is the allowable bit error rate. In the DSCS
this is specified as a maximum allowable error rate of one error in 105 bit for

at least 99 percent of thc time,

An important parameter in digital transmission is the required channel
handwidth, If it is not large enough, intersymbol interference will cause the
bit error rate to increase above the prediction hased on noise alone, It has
been determined that if channel filters limit the RF spectrum to 1. 25 times the

bit rate, then intersymbol interference will be witnhin acceptable values,

5.2.3 Antijamming Requirements

.. There is a requirement for certain links to be maintained in the presence

.. of electronic interference (jamming). Jamming resistance is achieved by

.. coding the information with a pseudorandom sequence to spread the spectrum of

the transmitted signal to a bandwidth much greater than the information band-

. width. Two techniques for achieving this are frequency hopping the carrier in

- a pseudorandom fashion and superimposing modulation Ly a high bit rate,

- pseudorandom code, on the data modulation. The latier technique is called
pseudorandom noise (PN), Digitized volce or data is used with these antijamming

I techniques,

5-3




The important characteristic of PN transmission is the wide bandwicdth it
requires since its effecet is to spread the spectrum of the carrier, The digital
data spectrum (data rate) must be small compared to the PN speetrum for the
antijamming characteristic to be cffective, Typically, the protection is propor-
tional to the ratio of the carricr spread-spectrum bandwidth to the data bandwidth,
The spectra of PN transmission and regular data transmission can overlap as

Iong as the data riate carried by the PN transmission is relatively low,
5.3 BANDWIDTH CONSIDERATIONS

5.3.1 Analog Bandwidth Requirements

For FM transmission of a baseband signal, the RF bandwidth required is

usually specified as the Carson's Rule bandwidth, For a baseband consisting of

m
Carson's Rule bandwidth, B, required is:

a single sine wave of frequency f |, or a spectruin of highest frequency fm' the

B -2f (y+1) = 2 _+1f)

m m d (5-2)
where fm - highest bascband frequency
vy - modulation in(h?x
f(l highest deviation frequency

A voice signal is assumed to occupy a band from 300 to 3400 Hz. However,
when multiplexing voice channels, 1000 Hz pcr channel is used to allow spacing
between voice spectra. In addition, the lowest channel frequency used for voice
may be higher than 0 to 4000 Hz, typically 12,000 Hz to 16,000 H{z, Thus for
N multiplexed channels fm is taken as 12,000 + 4000 N Hz, To dctermine the
required bandwidth the moduiation index, ¥, must be found. Two simultancous
equations musy be solved to détermino v and the barndwidth. One equation
relates the carrier power-to-noise density ratio at the carth terminal receiver
to ¥ and fm‘ The other ecuation relates the received carrier-to-noise density

ratio to the required demodulated voice signal-to-noise ratio, to y and fm’ and

to several fixed factors,
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Based on the previous signal power-bandwidth discussion there is a trade-
off of power and bandwidih to assure satisfactory operation of a link, Therefore,
the bandwidth required depends on the margin designed into the system, The
higher the margin, the smaller the banawidth. Examples of required bandwidths

are given in Paragraph 7. 3.2,

5.3.2 Digital Bandwidth Regquirements

PCM requires sampling an analog signal at twice the rate of the highest
frequency in the spectrum, The amplitude of each sample is then quantized at
a number of levels and a binary code is generated to indicate the level or each
sample. This leads to a pulse repetition rate considerably higher than the
highest analog frequency present. As discussed previously, an analog voice

signal whose highest frequency is 3400 Hz is encoded into 64, 000 hits per second.

The bandwidth of a digital modulation system is related to the bit rate.
For binary digital modulation the required bandwidth is 1, 25 times the bit rate
for PM and twice the bit rate for FM, One of the important aspects of digital
modulation is that it provides the opportunity of bandwidth compression, This
is denoted as 1.-level digital modulation and is accomplished by modulating
the carrier's amplitude, frequency or phase so that a number of amplitudes,
trequencies or phases can we represented by che symbol, If L = 2 then we have
binary modulation. In practically all cases more power is required to maintain
the same bit error rate as L increases, The one exception is quadriphase
tL=4 for PM where the required power is the same as with L=2 for a given bit

error rate,

Another possibility with digital modulation is increasing the bandwidth to
reduce the power rcquirem‘ents for a given bit error rate, This is accomplished
by the so-called M-ary digital modulation techniques, In these techniques n
consecutive symbols of the data sequence are used to select and transmit one
of m = .‘2n stored signals, The m stored signals are chosen to bear specific

relationships to each other that result in lower required signal power,
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5.4 FREQUENCY CONSIDERATTIONS

5.4.1 Frequency Bands and Characleristics

In conctdering frequencies suitable for communication satellites, propaga-
tion and environmental conditions must be taken into account., The frequency
should be above 100 MH2z to avoid tonospheric reflection and to permit reason-
able bandwidths. The fonosphere above 100 MHz changes the polarization of
the transmitted signal (Faraday rotation effect). Above 1 GHz Faraday rotation
is not generally considered a problem. However, between 500 MHz and 5 GHz
there may be a greater or lesser effect as a function of latitude, seascon and time
of day. Above 1 GHz the propagational effect of importance is freque‘ncy—dependent
attenuaiion of the signal due to the atmosphere. The principal absorbing elements
in frequency bands currently being considered are rain, water vapor absorption
and oxygen absorption. ‘The attenuation produced by ice particles in the atmos-
phere occurring as hall, snow, or ice-crystal clouds is much less than that caused
by rain at an equivalent precipitation rate. The attenuation due to rain is con-
sidered negligible at L- and S-Band but at X-band it can be appreciable. Table
5-1, based on theoretical analysis, shows typical attenuation versus ground
antenna eievation angle at 8 GHz in an earth terminal-satellite link. Figure 5-1
presents theoretical values of attenuation in a number of frequencies versus
rainfall rate. Attenuation due to water vapor absorption peaks in narrow bands

around 60 GHz and 120 GHz.

The environmental effect of importance in frequency consideration is the
radio noise seen by the earth terminal and satellite antennas., This noise arises
from sky sources (galaxy), our own sun, the atmosphere, and the earth radiat-
ing as a black body at 200°K. In addition, rain will present a noise background
associated with its attenuation. Table 5-1 presents some typical rain-induced

noise temperatures at 8 GHz,

[
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Galactic noise decreases with frequency, whereas atmospheric noise
increases with frequency. A curve of the thermal noise background as seen by
an earth terminal antenna has been derived (Figure 5-2) which takes account
of all factors except rain, Figure 5-2 shows the almost flat characteristic
ttiat prevails above 1 GHz. Comparison of values in Figure £-2 with those In

Table 5-1 illustrates the importance of rain in determining both background

noise temperaturc and signal attenuation,

5.4.2 Transponder Capabilities

At present, reliable transponder components are available through X-Band,

The bhandwidth capability increases with frequency, thus making the higher micro-

wave frequencies more attractive for large bandwidth systems, For any given
beamwidth the antenna size decreases with frequency. Antenna size and weight
do not present limitations for earth coverage antennas, but for narrow beam-

widths higher frequencies nilow more reasonable antenna sizes,

Receiver noise figure is another important parameter, Fig:re 5-3 shows

how this varies with frequency for various devices,

At present, power outputs of up to 40 watts have been achieved up to
X-Band by paralleling two or more output devices, The transmitier efficiency

decreases with frequency, as shown in Figure 54,

5.4.3 Intermodulation

1. General - When two or more carrier frequencies are simultaneously
present in a nonlinear device, the output contains sum and difference
frequencies (in addition to the original signals) of :111 multiples of the
original signals. The additional frequencies generatec produce two
effects: if they fali within the passband of the transponder they take a
share of the transmitter power and thus reduce the usr ful transmitter
power; if their spectra overlap the spectrum of a desiied .. gnal, they

interfere with the desired signal,
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2. Uplink - Uplink interference due to intermodulation is normally much 3
less than downlink.

3. Downlink - Downlink interference due o Intermodulation is caused by

limiting (saturation) in the output power device. At microwave fre-

|

H

!

i

: ' quencies this device is a traveiing wave tube amplifier (TWTA). It i

J

‘l is usually desirable to obtain as much power as possible from the -

| output device since the transponder is power-limited. Studies have .1

| shown that with equally spaced input frequencies, the TWTA power
output should be backed off 3 dB from its saturation power to reduce i

intermodulation to a tolerabic level, Unequally spaced carriers i

allow higher output powérs but at the cost of an increase in the required i

bandwidth or a amaller number of carriers within a fixed bandwidth,

5.5 SATELLITE LINK PARAMETERS

Basic Link Parameters 1]

e e e R

1, Basic Link Equation -~ The communication capaci'y that can be achieved

over a satellite link is a function of communication system arameters.
The relationship of the communication capacity and the parameters affect-
ing it can be written in various ways. A form of the relationship that
illustrates the important equipment, geometric, and system factors is
given here and the various factors are discussed briefly. The equation
presented holds strictly for one path of a repeater system; for example,

ground transmitter-to~satellite receiver. The effect of the overall two-

path link is also discussed.

The form of the equation with all terms expressed in decibels it

L, G -
(g7 = (BIRP) = (Lo +() =~ (o) - L_ (3-5;
R Y
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where k = -228.6 dB. The other factors are discussed below.

Carrier-to-Noise Density (C/KkT) - In the carrier-to-noise density
expression (C/kT), C refers to the RF carrier power into the receiving
system, k is Boltzmann's constant, and T is the receiving system noise
temperature in °K, Note that kT is the noise power in a bandwidth of 1 Hz;
hence the equivalent term, noise density._ Th_e significance of this
expression comes from this factor's being basic to determining the channcl
capacity of a satellite communication link, Once the arbitrary factors such
as desired channel S/N and modulation index have been determined-,. then

channel capacity can be determined from C/kT,

Lffective Isotropic Radiated Power (ETR P) - Effective isotropic radiated
power (EIRP), a term that has been found convenient for use in describing
the power radiated from a terminal, is the product of the transmitter
power output and the antenna gain, or in decibels, EIRP = PS + Gs'

For instance, a satellite transponder with a 20-watt final amplifier and

an antenna with a gain of 10 dB would have an EIRP of 201 watts or 23

dBW,

Free Space Loss (L_ _) - Free space loss is the loss in signal level

FS
experienced by an electromagnetic wave of frequency f, traveling a
distance d, between two isotropic (omnidirectional) antennas, It is

9
related to the produce f2 d” by a constant whose value is dependent on

the units of d and other fixed factors, (See Figure IF-1 in Appendix F.)

Receiving System Figure of Merit G/T -~ The parameter G is the gain of the

receiving antenna, The receiving system noise temperature T is described
by

T = T (L - + : (5-6)
A + (L-1 TL L'IR
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where: TA = antenra noise temperature

(R i

I, = transmission line loss between the antenna and the o=

T low-noise amplifier

o

’I‘L =~ ambient temperature of the transmission line loss

.

TR = amplifier noise temperature

For high-quality receiving systems, the ratio of G’/T describes how
well the antenna and receiver front end combination acts to achieve

/
a high C/kT at the receiver. As indicated by Equation (5-6), antenna

design affects not only G but T, through the contribution of TA.

6. Transmission l.osses (Lo) - Transmission losses include such items
as polarization mismatch between satellite and ground antennas,
tracking loss due to misalignment of high-gain ground antenna power,
losses in satellite in coupling of transmitter to antenna, and rain

attenuation, if applicable at the frequency being used,

i 7. Two-Path Link - The two-path earth terminal-repeater-earth terminal

link results in the C/KT at the earth terminal being to some extent
affected by the C/KT at the satellite. The extent is a strong function
of the transmitted EIRP and the type of transponder--linear or
hard-limited. For a linear transponder, as the Phase !I satellite will
be in Stages 1a, 1b and 1c, the C/KT at the receiver, (C/kT)R. is

C 1

KT 1 1
R ( (‘ ) ' ( C )
KT u KT DL

L
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where (C/kT)UL uplink C/KT at satellite receiving antenna

(C/’kT)DL = downlink C/KT at earth terminal antenna

5.6 USE OF BASIC LINK EQUATION

5. 6.1 Downlink Considerations and Examples

To predict the C/KT at the earth terminal the values of the contributing
parameters have to be known., As these parameters will have a statistical
distribution assumed to be rectangular, the mean and variance of each para-
meter has to be determined, Then a margin (excess transmitted power) has to
be available so that minimum allowable C/KT is achieved for a given percentage

of the time.

Table 5-2 presents a summary of a statistical power budget for an X-Band
military communications satellite at slightly subsynchronous altitude, The
tabulated values apply to two~input operation where the satellite power i{s shared.
Thus item 2, carrier level below power output, refers to sharine of satellite
power by the two inputs, The example uses a two-input situation to illustrate

that the power sharing also has a statistical variation,

The right side (downlink) of Figure 5-5 presents typical values of the
important parameters for a simplex AN/TSC-~54 to AN/TSC-54 link through
one of the channels of the Phase II military communications satellite operating
at X-Band, The G/T of the ground terminal is typical for medium-sized terminals
that are currently being implemented or designed, The satellite beam-edge
EIRP of 28 d3W 1= Fised on the end-of-life output power of the TWT, With
several simultaneous accesses there would have to be a backoff of nower to

reduce intermodulation,

The effect >f rain has been neglected in the above discussion. A margin

based on statistical distribution of rain has to be included in a system design.
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Table 5-2, Summary of Mcans and Variances for o '
L a 6~-Foot Terminal at 60° Latitude
Two Signals .
: Parameter Mean (dB) Variance tdB)2 o
1. Repeater transmitter power
output (dBm) 48,9 0. 70
2. Carrier level below power
output (dB) ~3.5 0. 08
J. satellite tronsmitting
antenna system gain (dB) 1,4 0, 21
4, Free space attenuation
(dB) -201, 35
5. Atmospheric absorption
(dB) -0, 25 U, 37
G, Tracking error loss -0.15 0.01
7. Receiving antenna gain
(dB) 39,7 0,07
8, Polarization loss (dB) -0.25 0.01
9, Power control error (dB) -0.1 6. 33
10, Net carrier (dBm) -112.6 1, 75
11, Ground terminal noise power
density (dB-Hz) -173.0
12, Net C/KT 60, 4 1,798
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2, Coding Considerations - The best-known codes allow the required
E
value of f;-b- to be reduced by 3 to 5 dB for a given type of modulation
N

2w

o

;‘: and valae 3f PE' The use of rate 1.2 convolutional encoding=-maximum
likelihood decoding results in an improvement facto: of 4 dB. Rate
1.2 means that the transmitted symbol rate is twice the information

- bit rate, thus doubling the bandwidth required. This type of code is
becoming widely used because the increase in equipment complexity

is less than with other codes for the same improvement in perfor-

o mance,
3. Relationship of Data Rates to Satellite Power (EIRP) - Using Equation

.. (5-8) the relationship between C/kT and data rate R can he written
in dB as

C/RKT-(E /N )+ R +M {5=9)
n o

wherce M is the desired margin,

By substituting in Equation (5-3), the equation for the satellite EIRP
required for recciving a given data rate at any size (G/T) terminal
can be ohtained,

EIRP = Eb/’NO +R~-M-G/T+L-Kk (5-10)

Table 5-3 shows the satellite EIRP required for various data rates and
.- earth terminal figures of merit., The table values are based on

.. Equation (5-10) and the following assumptions:

Eb" NO = 10 dB uncoded; 6 dB coded

M = (6dB

+

L(Free Space +
Miscellaneous
Loszses)

;
= .
|

203.6 dB

= -228.6 dB (Boltzmann constant)
5-21
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Table 5~3. Required satellite Power Versus Data Rate

G'T 1 Mbps 1. 53 Mbps 3,07 Mhps G, 14 Mbps
1dB) (dBW) (dBW) (dBW) (dBW)

Uncoded ;
20 31 32,9 35.9 38.9 .
25 26 27.9 30,9 33.9
30 21 22.9 25.9 28.9
35 16 17.9 20,9 23.9 "
39 12 13.9 16.9 19.9 !

Ceded . :

20 27 28.9 31.9 34.9
25 22 23,9 26,9 29.9 -
30 17 18.9 21,9 24,9 :
35 12 13.9 16.9 19,9 =
39 8 9,9 12.9 15.9

5.6, 4+ Analysis of Analog Requirements

10

FM Equations - The carrier-to-noise density at the recelve earth . !
terminal required to support a given access is determined by

solving two simultaneous equations, The first equation (Equation 5-11)
shows the test-tone-to-noise ratio, TTNR, as a function of carrier-
to-noise density, C/KT, highest frequency in the baseband, fm, and
the peak deviation, fd' The second equation (Equation 5-12) gives

the relation between C/KT, fm' fd'
the modem threshold, CNRTh plus the required margin, M,

and the carrier-to-noise ratio at
solving
these two equations simultaneously cnables one to compute the C/kT
and corresponding peak deviation that yields the desired quality and

margin for the given value of fm and the number of voice channels,
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Equations (5-10) and (5-11) may be rewritten in terms of dB, as follows:

wn = C P fw -
TTNR = KT " 1010g3,20103fd.l>1)1 Lf Pf

3

. .33
=10 log [(f‘_l) -(fm-.'!.l.\lo ) ]

C
e \ )
0 = CNRTh + M + 10 log[ (£ + fm)]

where: C-KT = carrier-to-noise density at receiving earth terminal, in dB
d peak composite deviation, in 11z
fm = highest frequency in baseband, in Hz
PDI = pre-emphasis improvement factor, in dB
Pf = peak factor = 12 dB
Lf - multichannel load factor, in dB = -1 + 4 log N
N - number of voice channels
M = desired margin, in dB
CNRTh = carrier-to-noisc ratio at modem threshold

i




IR T o TR

ot A e

[

ey e e e Feas s e 1

To illustrate how Equations (6-11) and (5~12) are used, the solution

to a particular situation is demonstrated below, Consider the follow--

ing case:

TTNR = 44,2 dB (l.e., channel noise - 24, 000 pwp)

M = 6dB a i
CNRTh = 6 dB T
N = 12 channels

£ = 60 kHz .
m

PDI = 3.8 dB

Substituting these values in the two equations written in terms of

dB we obtain

INR = 149 = S
TTNR = 44,2 % * 20 logfd 142, 1

¥r - 6+6+10 log[2fd+ 1.2 X 105]

Jolving these two relationships simultaneously will yield the value
of C/kT required to support the 12-voice channel example, A
graphical solution of these equations is very often performed, For

the 12-channel case, the required C- kT is found to be 72,3 dB 'Hz,
and fd = 0,5 MHz,

[lclationship of Analog Quantity ‘Quality Requirements to Satellite
Power - With the method discussed above, the C/kT corresponding
to any set of conditions can be calculated. The following relation-

ships allow easy intcrpolation for variations in several parameters,

i, ot AL N L B

ot el

St

e

ikl

i




Gl Gy Gwd s

§dq

i

-
L+
—

e

% o

i

-

K. 3

® For every dB increase (or decrease) in the desired quality
(TITNR), the required C/KT increases (or decreases) by 1/3
of a dB,

® TFor every dB Increase (or decrease) in he desired margin, the

required C/KT increases (or decreases) by 2/3 of a dB,

Table 5-4 shows the C/KT required versus number of voice channels for

a TTNR of 44, 2 dB, the DSCS voice standard, These are plotted in Figure 5-6.

Table 54, Required C/kT Versus Number of Voice Channels

Number of Channels C/kT

1 68,0
2 69.1
3 69,9
6 71,3
12 72.3
36 75. 8

6-25
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SECTION 6 — SYSTEM CONSIDERATIONS

6.1 GENLCRAL

The preceding sections have described the space and earth subsystems
and their components and relationships, including link engineering, This
section describes the parameters that affect the operation of several links

through one satellite as well as other factors influencing system operation.

In satellite system engineering, it is the satellite transponder that is the
central limiting factor., The satellite depinyed in space has a limited amount
of power (EIRP) and bandwidth to share among the various earth terminals that
access it, Thus a system can become cither power or bandwiath limited if all
of either resource is fully comm -d additional communication requirements

must be met through the satellite,

To date the requirements to be met by the DSCS Phase II satellite have
been of such a natu.e that they used the EC-EC mode and power lording
(LIRP) was the limiting factor on meeting ndditional requirements. As more
data requirements, particularly wideband special-user requirements are
considered, it is possible for the satellite to become bandwidth limited, partic-

ularly in the NB modes of operation.

There are parameters that can be controlled to meet increased require-
ments. These include earth subsystem considerations such as the multiple-
access technique used, the earth terminal G/T, coding, and system margin,
Additionally the geographic pattern of the carth terminals, the position of the
satellite and the placement of the narrow beams all can play a major role in
systems design, Also, this section discusses other system considerations,
including satellite and earth terminal availability, jamming and regulatory

controls relative to interference, and frequency usage,

I
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6,2 MULTIPLE-ACCESS TECHNIQUES

R R

- 6.2.1 General

Since a communication satellite is often in view of many earth terminals,
i ; it is desiruble to permit any terminal to be in contact with one or more other
terminals at will, This should be performed in such a way that there is as
little interference as possible with other users of the transponder. The
primary multiple-access (MA) techniques that are used to accomplish the

above purposes in communication satellites are:
o TFrequency division multiple access (FDMA)
e Spread spectrum multiple access (SSMA)
e Time division multiple access (TDMA)

Table 6-1 summarizes the characteristics, advantages and disadvantages

P of these MA techniques,
6,2,2 FDMA

In FDMA each earth terminal is assigned a carrier {requency within the
transponder bandwidth. The carrier frequencies must have a minimum spacing
- large enough so that-the modulated spectra do not over"lap. An earth terminal

receiver is tuned to the downlink frequency corresponding to the uplink frequency

of the decsired transmitter, The transponder power is shared by all the links
simultaneously transmitted., Two important considerations in the use of FDMA
are efficient use of the available transponder power and avoidance cf interference
E among the simultaneous users. If a linear transponder is used, then the carrier

' frequencies can be spaced at the minimum spacing referred to previously,
However, individual earth terminal power and/or maximum number of users
must be controlled {o avoid driving the output power device into saturation,

If this happens, nonlinearity in the power output device will cause intermodulation

products of the cignals to rise to an unacceptable level.

bl
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If a hard-limiting transponder is used, intermodulation products will be
formed in the limiter, The carrier frequencies inay be spaced so that the
intermodulation products do not fall on any of the carriers. It has been shown
that for equally spaced carriers and a limiting transponder the signal-to-
intermodulation noisc power ratio (measured in the bandwidth of the signal)
will vary from 9 to 11 dB depending on the spacing of the carriers. In either
casc the number of accessces possible in the transponder bandwidth is reduced.
In addition, the intcrmodulation products use some output power of the trans-

pondecr, reducing the useful output power, Finally, the small signal suppression

cffect of a limiter makes power control of the earth transmitters necessary.,

6.2.3 SSMA

in SSMA, each multiple-access coarrier signal usually occupics all or a
large part of the transponder bandwidth, In this technique a carrier is modu-
lated with two different signals. The bandspreading modulation can be either
analog or digital, When the bandspreading is accomplished by phase-shift
keying it is often referred to as pseudonoise and when frequency-shift keying
is employed the term frequency hopping is used. To date the greatest consid-
eration has been given to digital techniques. The bandspreading modulation
results in a noise-like carrier with over 20 percent of its power in a bandwidth
twice the modulation rate. The information modulation, at a rate typically one-
tenth or less than that of the bandspreading modulation, is impresed as an addi-

tional phase or frequency variation,

The pattern of the bandspreading modulation is called its code. At the
intended receiver a code identical to the transmitted code is generated. This
is synchronized with the received code and allows detection of the information.
By proper choice of codes other SSMA transmission simultancously present

at the receiver will cause relatively small interference, The codes are then

said to exhibit low cross-correlation,
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This technique requires uplink power control as in FDMA; otherwise one -

coklip ]

or more signals will use too much of the transponder power output. However,
neither use of a limiter nor a saturated output device will result in interference
from intermodulation products, That the receiver must use an exactly matching

replica of the transmitted code presents the problem of synchronizing the

receiver before message transmission can begin, This requires an initial
synchronization searching procedure by the receiver and is one of the critical

aspects of SSMA,
s 6.2..4 TDMA

In TDMA multiple access is accomplished, like the multiplexing discussed
in Paragraph 4.2.2, as a time-gating function which correctly locates each
earth terminal transmission burst relative to those of the other terminals,

Thus each earth terminal is assigned exclusive use of the transponder during
specified time slots and the transmissions do not overlap, An access channel

in TDMA designates a particular sequence of time slots, The simplest sequence
would allow the time slot of a channel to occur periodically at a definite repeti-
tion frequency, called the frame repetition rate of the system. All other
channels would have the same frame rate but different times ot occurrence,

and possibly different slot durations,

. TDMA offers higher performance and more flexibility tuan FDMA or
.. SSMA. Since only one carrier is present in the transponder, there is no

. power loss or interference due to intermodulation, The power output device
.- can be run at saturation, providing higher output power (typically 3 dB) and

on efficiency. There is no neecd for earth terminal power control.

TDMA places stringent requirements on system timing, System timing
accuracy affects reyuired guard tinies between adjacent {ransmission bursts
from earth terminals, Guard time is one of the components of overhead time

in a TDMA system. The other components of guard time are in the precamble

6H~5

I of cach burst, carrier synchronization time, bit synchronization time, carrier




phase ambiguity resolution time, and werd synchronization time., In the DSCS

Phasc II TDMA system, the goal for time utilization efficiency is 95 percent,
where the efficiency is the ratio of time during which messape information is
transmitted to total frame timc. TDMA rates are limited by transponder

bandwidth, burst acquisition times, and practical data storage capabilities,

6.3 SYSTEM DESIGN

6.3.1 Powcer Sharing

1. FDMA - The use of FDMA necessitates sharing the satellite EIRP
among all the simultancous uscrs, In addition, a backoff of about
3 dB from maximum transponder power is used to keep inter-
modulation products at an acceptable level, Each T'DMA access
consists of a carrier FM modulated with a number of voice and
data circuits., The transponder EIRP required per access depends
on the number of equivalent voice circuits, circuit quality desired

and the figure of merit (G,/T) of the receiving station, An example

will be given using the Phase II satellite. The carth coverage mode

nas a maximurm EIRP of 28 dBW which is backed off to 25 dBW
for FDMA operation, allowing 1 dB for power-control losses,
10 log % = 7 /KT - G/T - 30, Table 6-2 shows the C/kT and
the percent of power required for various receiving situations.
The system design must be such that an uplink signual will result
in the required downlink power, Uplink power control must be
used whether the transponder input is linear or hard limiting

to assure that the uplink signal uses the correct share of the

transponder output power.

2. TDMA - In TDMA thce maximum transponder power can be sued

since there are no intermodulation products present. Table 6-3

G=0
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Table 6-2,

Percent of Satellite Power Required for FDMA

No, of Percent of Satellite Power

Voice C/kT AN/TSC-54 | AN/MSC~-46 | AN/FSC-9
Channels | Required | (G/T =26.5) | (G/T = 34) | (G/T = 3%)

3 69.9 21,8 3.9 1.5

6 71,3 30,2 5.4 2.1

9 72,1 36.3 6.5 2.5

12 72,3 35,0 G,8 2.6

24 71.5 63.0 11,2 4.4

36 75.¢ 87,1 15.5 6.2

Table 6-3.

Percentage of Satellite Power Required for TDMA

| Percent of Satellite Power
C/KT AN,/TSC-54 MSC-46 AN,FSC-9
Data Rate |Required | (G/T = 26.5) | (G/T= 34) | (G-T = 3%)
1,0 Mbps 72,0 17,7 3.15 1,26
1.53 Mbps 73.9 27.5 4,9 1,95
3.07 Mbps 76.9 54.8 9.75 3.9
6. 14 Mbps 79,9 ———— 19.45 7.7
12,28 Mbps 52,9 -——— 38.9 15.5
24,56 Mbps §5.9 -——— 77.8 30.9
55.0 Mbps 89,0 -——- R 62,8

6-7
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The bandwidth required by a PSK modulated carrier is approximately

1,25 times the data rate, Thus a maximum data rate of 100 Mbps T4

=2

could be carried by the 125-MHz channel, This corresponds, for
example, to 10J accesses of data rate 1 Mhps, The burst ratc of
each access is 100 Mbps. The requirement for guard times to

prevent overlap and the state-of-the-art of logic equipment limits -3

the burst rate to approximately 50 Mbps at this time.

3. SSMA Bandwidth Constraints - In a SSMA system all accesses can

be present simultaneously in the channel and each can cover the

complete channel bandwidth, The individual accesses share the

il b

transponder power and also act as noise to each other in the earth

o il o,

terminal receiver, Thesc two factors, rather than the bandwidth,

limit the number of simultaneous accesses,

-~ .3.3 Frequency Sharing

ol ol s

1. TFDMA - FDMA imposes the requirement of nonoverlapping spectra

ebl gl i,

sharing a common channel. In addition intermodulation effects

impose requirements on spacing and number of accesses sharing

e bl

the channel., Frequency plans involving nonuniform frequency

spacing can be devised which reduce intermodulation effects in

the transponder,

Lot e,

2, TDMA - This multiple-access technique allows all accessing links

to usc a common frequency,

3. SSMA - This mulliple-access technique allows all accessing links

to use a common frequency.

ol e

Mixed Multiple~Access Techniques -~ SSMA can share a common
bandwidth with TDMA or FDMA us long as the SSMA signal level
is sufficiently below that of the TDMA or FDMA signal. SSMA is

kept at about 10 percent of the available power in the DSCE for

6G-Y
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nonjamming operations, FDMA and TDMA signals must be separated
in frequency as in a straight FDMA system.

RARR iU

6.4 SYSTEM ENGINEERING TRADEOFFS

Power and bandwidth in the transponder are two constraining parameters
of system design. In any system one of these constraints will be reached first,
Using concepts developed previously it is then possible to increase system
L capacity by a tradeoff of system bandwidth and power. In most present~day

systems the satellite becomes power limited beforc it becomes bandwidth
limited.

With digital traffic, coding can be used to increase the traffic capability,
Thus, the use of rate 1,2 convolutional encoding-maximum likelihood decoding
will allow a 4 dB (0, 1) reduciion in Eb/No (and therefore transponder output
power) while doubling the required bandwidth, Each of the percentages in

Table 6-3 will be reduced to 0.4 of the value given there. a

6.5 RELIABILITY/AVAILABILITY

G.,5,1 Equipment Reliability

Reliability of a component having a constant failurc rate, i.e.; subject

to random failure, is cxpressed by the exponential form

R(t) = exp (-Bt) (6-1)
where R(t) = reliability at time t, and B = failure rate,

Items that exhibit wearout phenomena have a fairly well-defined end-of-
life as well as being subject to random failures, For example, solar cells
can fail randomly, and in addition, their outpu't decreases with life in orbit
as a result of solar radiation. Therefore, the solar array should be desigred
so that its output after some specified time in orbit is sufficient for satellite
operation, Wearout causes the reliability to decrease at a greater rate as

the wearout lifetime is approached, and the rehability function is usually

6-10




-
t

T
' \‘“‘!;‘

fomd g

4

truncated at the wearout time, This has the effect of lowering the expected

life of the item because the area under the reliability curve has decreased,

Several methods for improving reliability are available to the designer,
and a combination of there methods is generally applied. Onec method entails
careful design of componenis, selection of parts, and thorough testing prior
to use. Other methods, which are discussed in subsequent paragraphs, involve
application of redundancy and careful design of components which exhibit wear-

out phenomena so that wearout occurs after some specified time,

Reliability of a series circuit; i. e., one in which all parts must operate
for the circuit to operate, is the product of the reliabilities of each part, This
is equivalent to replacing the part failure rate in the equation by the sum of the
part failure rates; therefore, the reliahility function is still exponential. An
example of a rcliability function for a satellite in which all parts must operate,
or converscly a satellite having no redundant circuitry or paths leading to
success, is shown in Figure G-1. For the exponential case the c¢xpected life

or MTBF occurs at a reliability R(t) = 0. 37.

If redundancy is applied to the satellite design so that failure of a partic-
ular component docs not render the satellite inoperable, the veliability function
is no longer exponential but tends toward the shape of a normal function. An
example of such a reliability curve is also shown in Figure 6-1. The shape of
the curve Jdepends on the amount and type (active or standby) of redundancy
applied, which in turn depend on such factors as allowable weight and volume,

power requirements and availability.

6. 5.2 Parameters and Relationships

The probability that cquipment will be operating at any time is equal to

the uptime ratio for that equipment., The formula for this parameier is

UTR = —MTBF

= MTBF + MTTR (6-2)
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where UTR = uptime ratio
MTBF = mean time betweer. failures

MTTR = mean time to repair,

The MTBF is a function of the reliability, where reliability is the proba-~
bility that the equipment will operate satisfactorily for a given time. In general,
the MTBF is the integral of the reliability or the area under the reliability
curve; thereforc, MTBF will be increased if reliability is improved. The
MTTR is a function of the equipment design and complexit::.

6.5.3 Satellite Avallability

Satellite availability is the probability that a particular satellite in a
satellite communications system will be available for use at a given point in
time. Since satellites are not repaired the availability is &« combination of

satellite reliability and satellite replenishment strategy. Satcllite reliability
has been discussed.

Assuming that the desired useful communication system lifetime will
be long compared to expected individual satellite lifetime, it #ill be necessary
to provide replacement satellites for those which fail in orbit, o maintain
acceptable levels of performance. The manner in which replacement would
occur must be given careful analysis since it may have suhstential effects on
operating costs. If the individual orbits are established by a booster with
multisatellite dispenser, the use r;t' the same booster for sing 2 satellite
replenishment would likely be prohibitively expensive., Cne titernative
solution would be to delay replenishment until a sufficient number of satellites
had failed, so that replenishment of a complete dispenser loasi could be justifie:,
A second alternative would be to establish the initial orbi s w i1 multisatellite
dispensers and to use a smaller launch vehicle to orbit ir livi 'ual replenish-
ment satellites, Any scheme for satellite replenishment vill ‘e d¢; endcnt on

the type of orbits selected for the system,
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Some of the significant variables whose values must be estimated in

predicting the replenishment cost of the satellite are:

For systems employing satellites which maintain a fixed spacin - relative

Number of satellites in orbit (average, minimum, and peak values)
Mean time to fallure

Cost of each satellite

Number of satellites per launch

Launch success probability

Launch costs

Launch pad turn-around time (in some cases this is of minor

significance)

Number of reserve boosters and satellites which must be ordered

to provide for contingencies.

to each other, it is important that the following items be considered:

Positioning of spare satellites

Maximum orbital velocities for spares
Frequency of repositioning satellite
Optimum number of spares

Time required to replace a failed satellite

Circumstances that will trigger a decision to attempt 2 replenish-

ment launch

Prooability of further deterioration of the space system during

the replenishment attempt, and its effect on coverage.
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A replenishment strategy for a system involving numerous satellites
can be evolved from system reliability or system mean-time-before-failure
considerations., In the casc of only one operating satellite i1n orbit and
possibly only one spare satellite, a satisfactory approach might be to launch
the spare when a failure seems to be imminent, Although the operating
satellite is expected to fail at its mean-time-before-failure, it may fail much
earlier or much later. With greater telemetry capability designed into the
satellite, the probability of detecting most types of impending failures tends

to increase. Tmpending failure should be apparent early enough to prepare

and launch the spare,

In Figure 6-2 a replenishment strategy is shown for a one-satellite system.
If a probability of 0.7 of maintaining the satellite system for 5 years is desired,
a second launch must be provided {for, To extend the satellite system beyond

5 years with the samec probability of success will require the launch of an

additional satellite,

6,5.4 Link Availability

Link availability is the probability that a link of specified capacity and
quality connecting system users is operating satisfactorily at any time. In

considering the availability, each of the following factors must be specified:
e Satellile availability
e Earth terminal availability
e Satellite visihility
e Satellite conjunction
e Signal level variations

Satellite availabilily has heen discussed, Each earth terminal in the link
will have an associated availability, which is the same as the uptime ratio

discussed previously.
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For a communications link to be established, a satellite has to be simul-
taneously visible to both earth terminals, In a synchronous satellite system,
the satellite is essentially motionless (stationkeeping limits motion) and its

area of visibility on the earth is fixed,

For subsynchronous satellite systems, a number of satellites are used

and three basic satellite positioning schemes may be used:

1, Phased orbits in which a stationkeeping capability is used to

maintain fixed orbital relationships
2. Random orbits in which no orbital control is exercised

3., Precision orbits in which satellites have no stationkeeping

capability but are precisely placed in orbit

Of importance in some satellite systems are the factors of conjunctions
of satellites with each other, conjunctions of satellites with the sur, and out-
ages of solar-powered satellites passing through the earth's shadow. Each of
these factors reduces the availability of satellites and, therefore, requires
an increase in the number of orbiting satellites to achieve a given performance
objective. Conjunctions between satellites are not generally significant in a
system in which zatellites maintain a fixed spacing from euch other. If power
storage Jevices such as batteries arc not used, earth-shadow effects may be
significant, Earth-shadow effects become less significant as orbital altitude
incrcases, and produce less than a 1 percent reduction in satellite availability

at synchronous altitude,

Although signal level variations of satellite links are much less than those
of high frequency, microwave relay, or tropospheric scatter links, they must
be considered because the margins of the former arc usually low to avoid
wasting satellite power, Major variations of signal level in a moving satellite

sysiem result from changes in range and satellite aspect angle.
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Severe fading in any satellite system can occur as a result of attenua-
tion caused by rain, It is not possible to make precise statements because
rainfall distribution varies widely throughout the world and, frequently, even
within confined geographical areas. As a general rule, a margin for atmospheric
and rainfall attenuations of 2. 2 dB in the temperate zones and 3.8 dB in the

tropics will be adequate for a 7. 3-GHz system 99,9 percent of the time,
6.6 INTERFERENCE AND JAMMING

G, 6.1 Types of Interference

In designing a satellite communication system, the possibility of mutual
interference with other communication systems and other services must be
considered. Interferencz considerations can affect communication link fre-
quency and antenna design. Mutual interference can occur between space and
terrestrial communication systems and among two or more space systems,

In addition other eleclronic systems such as radar can cause interference to

space communication systems,

There are four possible modes of interterence between satellite communi-

cation systems and terrestrial systems, These modes are:

1, Satellite radiating power into terrestrial receivers

(g3
.

Earth terminal transmitters radiating power into terrestrial

receivers

3, Terrcstrial transmitters radiating power into carth terminal

receivers
4. Terrestrial transmitters radiating power into satellite receivers,

By international agrcement the radiation from transmitters has limitations
placed on it to reduce interference with other uscrs at the same frequency., For
example, for frequency bands in the range of 3400 to 7750 MHz which are shared

between communication satellite systems and terrestrial radio relay systems,

6-~18




the maximum power flux density produced at the surface of the earth by radia-

tion from a satellite should not exceed

-152 O<o<5® (6=2)
o=5

=152 + T 5<a<28

-~1.12 25°<a <90°

decibels relative to 1 watt per square meter per 1~-kHz band, where o is the
angle of arrival of the radiation (degrees above the horizontal), In a similar
way, the radiation from the satellite communication system earth terminal and

the radiation from terrestrial communication systems have limitations placed

on them,

Any proposcd communication system must compete with exisiing users
of the congested radio spectrum or present a strong enough case to> warrant
any readjustment of existing spectrum users, This is because the demands
placed upon the radio frequency spectrum continuously exceed the space availa-
ble within propagational or technological limits, and create the nced for national
regulation that considers priorities, validation of requirements, and technical
conditions of frequency sharing, Because communication extends beyond
national areas, these regulatory measures have international impact that are
the subjcct of treaty arrangements. Although each nation retains the right to
regulate its own telecommunications, the mutual advantages of avoiding inter-
national radio interference encourage agreements among all users of the radio
spectrum. The regulatory agreements made among nations thercby place
genceral restraints on frequency usage and require national efforts to respect
international frequency allocations while satisfying national needs, Radio
regulatory actions involve consideration of national security, public welfare,

economic and technical factors.,

The relatively recent application of satellite techniques has complicated

frequency provision becausc there is no suitable unused spectrum in which to
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place the new service, and the satellite's line-of-sight range transcends the
areas controlled by any one nation. The recent World Administrative Radio
Conference for Space Tcelecommunications (WARC=-ST) held in Geneva in June
1971 devoted much of its proceedings to satellite communication systems, in
terms of gain and allowable side lobe level and other factors., As more com-
munication satellites (especially geostationary satellites) are put into orbit,

interference will become a constraining factor in system design.
6.6.2 Jamming

With reference to communications systems, jamming is defined as action
taken against the communications system to prevent it from accomplishing its
function. Antijamming is defined as z2ction taken to minimize or cancel the
cffects of the jamming, Jamming can be accomplished by subjecting the system

to electromagnetic radiation to cause interference with, or loss of, communi-

cations,
6.6.2,1 Jamming Techniques

A satellite communications system could be jammed on either the down-

link (satellite-to-earth receiving station) or in the uplink (earth transmitting
station-to-satellite).

In considering jamming of the downlink, however, it becomes obviuus
that the highly directional antenna of the earth receiving station will rejeci
virtually all signals except those coming from the immediate direction of the
satellite, Neverthei:s:, jamming of the downlink could still be accomplished
by a satcllite-based jammer placed in orbit so that it would appear (to the
earth receiving station) to have tracking coordinates near those of the communi-
cations satellite, Howcver, the time required to place such a jammer sateilite

in orbit would be too great to allow it to be of any tactical udvantage, and the

cost of such a project would be nearly prohibitive,
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Shortly after a communications satellite is placed in operation, a potential

cnemy with any degree of sophistication in electroric warfare will have compiled

I

I data on the satellite. This data would probably include the following: ephemeris
data indicating the satellite's orbit characteristics, and information relative to ,

I frequency, bandwidth, and modulation of the satellite. On the basis of this
information, a jamming technique would be selected, Jaumming operates on the

I premise that if enough jamming power is radiated into a receiver, the legitimate

- signal will be indistinguishable from the unwanted signal. Various jamming

- techniques are summarized below:

= 1. Spot Jamming - Spot jamming consists of concentrating all of the

ind Lttt s, e

jamming transmitter cnergy in a narrow band in order to achieve

i, .

a high noisc density in that band, TFor purposes of considering

noise density in relation to jamming, noise density power is

2 S i e

discussed in terms of watts per MHz., Therefore, a spot jammer

ki

concentrating a 1000-watt noise signal in a 1-MHz hbandwidth is

said to have a noise density of 1000 watts per MHz,

T

2. Broadband Jamming - Spot jamming is ineffective against a wide-

e

band signal o» a signal that shifts in frequency faster than the spot
jammer can follow it, Under these circumstances broadhand
jamming is used, Broadband jamming spreads energy out over a E

broad band of frequencies rather than on a spot frequency. How- 3

ever, this broadbanding results in a lower noise density at any i
one particular frequency. Therefore, a spot jamming signal of :
) .000 watts per MHz, when spread over a 100-MHz bandwidth, will

have only a 10-waft per MHz noise density.

3. Swept-Spot Jamming - Swept-spot jamming combines the high noise
density of spot jamming with the wide bandwidth of broadband
jamming., This is accomplished by sweeping the spot jammer at

a very high sweep ratc across the spcetrum to be jammed,

—
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Satellite Directional Antennas - Directional antennas on communi-

cation satellites provide an antijam capability, depending on the

b

orientation of the satellite directional antenna, Jammer power

recejved at the satellite receiver is represented by:

2
P.G .G X
Prj=j d_sj

2
(4 Ro)

(6-4)

where Pj = jammer power

Gj = jammer antenna gain

G .
5)

R
o]

satellite antenna gain for the jammer signal

1l

distance between the satellite and jammer,

It can be seen from Equation (7-4) that a low value of GS. will have
a large effect on the jammer power received at the satellite receiver.
A 20~dB or 30-dB attenuation of the jammer signal due to off-axis

loss will degrade the jammer signal to the extent that it will have

small effect,

6,6.3 Frequency Coordination

The frequency regulatory process uses as common managerial tools the

ar terms allocation, assignment, services and classes of services, and channeli-

- zation,

e Allocation is a planning process of dividing the spectrum among compatible
emissions or similar types of operctions based on total requirements and
characteristics, Assignments are made to specific stations or used in conso-
nance with the allocation table, The assignment process includes technical

considerations of frequency sharing to control interference between assignments,

as stations are activated, or it may be based on channelization which guides the

I Assignment may be guided by a frequency plan {5 maintain interference control
l equipment manufacturer, the frequency manager and the operational planner,

Channelization may also be identified as a frequency assignment plan,
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The varjous types of users of spectrum space are identified as services and
classes of services (e.g., broadcasting, maritime mobile, and land mobile,
etc. ). There are about 380 services and classes using the radio spectrum in

the U. S,

i

Within the allocation framework, additional subdivisions are madec in the -

o

U.S. between government and nongovernment or in shared frequency space,
No allocations to scrvices are further subdivided to government or nongovern- .
ment unless both have operations involved, For example, therc is no govern-
ment subdivision of the broadcast bands or nongovernment subdivisions of -
radar bands for missile weapon systems, Of the total frequency space, about

30 percent is currently used by the government,
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SECTION 7 - CONTROL

/

7.1 GENERAL //

/

Control systems are highly important for the efficient operation of a s

/

terrestrial communications network, They play an even more important roly,
1
s 0 ',

in satellite communications networks, particularly those networks using 7f/\A

and/or demand assignment techniques, since the capacity of the satellity®
¢

transponder is shared by many users on 1 real-time basis. S

There are three major categories of control required when l)_lgmp, satellites

in a communications network, They are: y

1, Satellite Control - This involves actions necess:n‘y/m position, track,
monitor and command the satellite during the cou/"se of its operational
lifetime, This t5\r\pe of control has been discusced in Section 2, Space

Subsystems,

2, Satellite Communications Control - This type of control involves
supervising and monitoring the establishment, reconfiguration and
control of each required RF link through the satellite transponder -

in accordance with desired parameters.

3. Circuit Control - This coatrol involves actions necessary to assure
that the required circuits between all authorized users are established,
maintained and restored saticfactorily. This function is regularly
performed by Technical Coutrol Facilities personnel, It applies to

circuits usiug any transmission media such as cable, LOS, tropo or

satellite,

These three categories ore general in naturce and the specifics will vary
depending on the type ot satellite orbit, the niodulation cad multiple-access

techniques used and the circuit requirements and usage,
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7.2 SATELLITE CONTROL

This function has no direct counterpart in terrestrial systems but is
critical to successful satellite communications operations, The degree and type
of satellite control requirsd is in large part dependent on whether the satellite
orbit is synchronous or nonsynchronous and on the user requirements of the

satellite,

Tracking requirements exist for a synchronous or near-synchronous
sutellite; but they are less severe than those for a nonsynchronous satellite,
The synchronous satellite must be monitored and kept on station by periodic
positioning actions., In the DSCS the Phase II salellites will he maintained
within 3° of their assigned longitude. A periodic activation of the gns propulsion

system is planned to accomplish this,

In a nonsyuchronous system, repositioning may also be used on a periodic
basis to keep the satellites drifting in the desired orbit or, as in the case of the
Phaso I satellites, they may drift on a random basis. If the random basis
is used, more satellites are required to assure higher availability of a correctly
positioned satellite to meet users' needs, In addition closer monitoring of
salellite movement is required for nonsynchronous satellites to provide the
necessary data to prepare schedules for transferring use of a satellite to dif-

ferent earth terminals as the satellite orbits the earth,

Additional satellite control operations can include repositioning of
satellites, monitoring satellite performance by receiving regular or periodic
telemetry messages from the satellites, and sending commands to the satel-

lite to perform such actions as switching to redundaunt units, changing ampli-

fication levels within the satellite transponder and antenna control functions, ete,




The Air Force Satellite Control Facility (AFSCF) with its Satellite Test
Centey located at Sunryvale, Culifornia performs this mission for DCA. The

AFSCF has numerous remote tracking stations around the globe to assist in

this mission,

7.3 SATELLITE COMMUNICATIONS CONTROL

In terrestrial systems, network engineering and control is necded to
establish and revise the various links and their capacities to meet the changing
user requirements., Additionally, frequencies and power limitations are assigned
to minimize interference or intermodulation within the nétwork or with external
activities., The same requirements exist for a satellite network. However, the
need for prior planning and control is increased in the satellite operation because
of several factors, including the wide-area coverage of satellite an’:nnas, the
low receive signal strengths involved, and the use of common amplifiers in the

satellite transponder by more than one carrier (multiple access).

The use of multiple-access techniques is highly efficient, but it gives
ample opportunity for intermodulation to develop, Thus systems must be closely

controlled in time, power or frequency to ensure that intermodulation is reduced

to an acceptable level,

With proper prior planning and engineering, the availahle capacity of the
transponder can be allotted on a preassigned basis to meet user needs., For
FDMA operations such as predcminate in Phase I of the DSCS, the frequencies,
bandwidth and power required to provide a desired receive signal level, with

adequate margin, and without serious intermodulation can be preplanned,

The irequency and bandwidth problems are similar to but more critical
than those normally found in terrestrial networks. This is becnuse many

carriers go through the same components in the satellite transponder and the
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satellite earth coverage antenna, if used, covers all of the earth terminals in
that satellite network., The problem of staying on frequency and within the pre-
scribed bandwidth, however, is basically the same for any radio network, and

monitoring and readjustment is not a unique problem,

Of more concern is the maintenance of proper signal lcvel at the input to
the satellite, since the power of the satellite is shared by several carriers.
If the total summed signal level gets too high, the system will be operating in
a nonlinear mode, causing intermodulation, Further, if one or more
signals arc larger than planned, these signals would get more than
their share of the limited transponder power, and thus would deprive other
users of their allotted share, Therefore, the monitoring of frequency and
power levels is essential for an efficiently operated network. Although auto-
matéd real-time control of that transmitter frequency, bandwidth and ERP
would be desirable for such a network, it is not essential. Satisfactory control
can be achieved by monitoring the various downlink carriers and nctifying

offenders of any transmission violations via a voice or teietype orderwire

system,

With.a TDMA network the problem becomes one of real-time coordination
after the ailotment cf transponder capacity. The extremely accurate synchro-
nization required to permit sharing the satellite power on a time block basis
demands real-time control of all of the earth terminals ir the network. Syn-

chronization and control systems have been developed and successfully tested.

The basic plan for the system to be used with TDMA in Phase II of the
DSCS consists of a master station providing time and frequency correction to
all other terminals in the network, This coordination is a regular part of the

network operation. Orderwire control is provided to each station on a common

SSMA channel,
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7.4 CIRCUIT CONTROL

This control is essentially the same for any segment (transmission media)
of the system. In the DCS the circuits using satellite transmission links would
normally be monitored and controlled by the same DCA activities controlling
microwave or cable circuits. Oply with a particular problem caused by or
affecting a satellite link would spzacial action by satellite communicators be
required, Initially, exceptions to this may be frequent because of satellites
carrying special widehand circuits that may bypass normal TCF's and go
directly to users. In such cases, the satellite earth terminal operators would

be more directly involved with circuit control monitoring and restoration,
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APPENDIX A -~ SATELLITES

A.1 GENERAL
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This appendix provides a descriptive summary of the characteristics of

1
o
]
i

presently available or planned satellites that are of particular interest to the

military communicator. The satellites that are included are: DSCS Phase |

: (IDCSP), DSCS Phase I, TACSAT, Skynet, NATO, and Intelsat [ to IV, Intelsat
[ to IV are included to provide data on a commercial communications satellite

S for information purposes,

A.2 INIT!AL DEFENSE COMMUNICATIONS SATELLITE PROGRAM (IDCSP) -
DSCS PHASE |

A.2.1 Space Subsystem, General

The overall Phase Y or IDCSP system is covered in detail in Appendix C,
The space subsystem, consisting of 26 near-synchronous, random-sp:-ed erua-
torial satellites, was placed into orbit in four separate launches, with the first .
launch of scven satellites on 16 June 1966, Table A-l1 summuarizes data relat- !

ing to the launches, As of May 1972, 17 of the satellites were still operational,

The satcllites are in a near-synchronous orbit at an aititude of approxi-

Y

mately 21,000 statute miles, Relative to the earth, they drift west to east at

about 30° per dayv, thus a single satellite stays within view of a particular

'
R IO R SRR T L T U

ground station for $-1/2 days, The satellites were released into orbit with

slightly different initial velocities, causing a relatively random distribution.

= ——T Y
f
[

- The satellites are spin stabilized at approximatcly 159 rpm (by two

v nitrogen nozzles) to maintain the spin axis within 3° of normal to the carth's
equatorial plane. Each satellite weighs approximately 100 pounds. [t is solar
- powcred and has no batterics. The original designed mean time to foilure 5
(MTTF) was 1-1,2 years, with a goal of 3 vears. This goal has been greatly :

exceeded and an MTTEF in excess of 5 vears has been achieved to date,
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A, 2,2 Satellite Transponder

The transponder of the DSCS Phase I satellite is a double frequency conver-

sion, hard-limiting repeater operating in the 7- to 8-GHz range. The EIRP has

a design minimum of 7 dBW, Each satellite in a Jaunch payload has a beacon

! signature at its own unique telemetry frecquency, in the 400-MHz area, for

- identification purposes,

- The repeater, shown in simplified block diagram form in Figure A-1, is

. primarily solid state. Amplification and limicing of the signal take placc at

. intermediate frequencies, The mixing frequencies are derived from a basic

.- oscillator and multiplier chains, The output of the IF amplifier/limiter is then

. summed with the beacon signal, up converted, and fed through the traveling

.. wave tube amplifier and out to the transmitting antenna, A redundant TWT

. amplifier can he switched on in case the first TWTA fails. The switch-over is
done automatically and can occur only once. There is also included an auto-

o matic power shutoff circuit which activates between 6 and 6-1/2 years after
launch, The automatic cutoff period for the five operational satellites from the

. first launch is June 72 to December 72 and the minimum number of satellites

- required for acceptable service has been estimated to be 15, Thus the DSCS

- Phase 1 will have limited capability beyond mid-1973,

The transmitting and receiving antennas are separate biconical horns with
toroidal patterns, omnidirectional in aziruth and earth-coverage (28°) in

the other plane, Characteristics of the satellites are summarized in Tahle A-2,

Table A-3 indicates the voice channel capacity on particular duplex links
as a function of terminal type on each enc of the link. These figures arc for
duplex (dual) arcesses, the maximum satellite Joading used in DSCS Phase I,
The link margins were not found to be great enough to support more than two
simultaneous accesses, The satellite frequency plan, optimized to yield mini-

mum intermodulation interference, is indicated in Table A=},
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Table A-2,

R N R I

DSCS Phase I Satellite Characteristics

e mm R R A ay pihd

Type Biconical « torotdal pattern

£ Number Two - RHCP rececive, LHCP transm't

& Beamwisith Earth coverage, 360 x 28
Gain 58 in plan2 normal to the spin axis, o

3 dB minimum in all directions within 14 of the plane
Frequency Band SHF - 7.3 GHz transmit, 8.0 GHz receive
Type Hard-limiting, double [viQuency conversion
3 dB Bandwidth 26 MHz
Number One
Type Front End Dawn conversion ngNer

?

S

z System Noise Figure 10.dB

Type

Power Out

Transmitter] Receivan

Redundant TWT

J watt

m
=
~—

=

T dBW minimum

General Features

£ |Type Spin at approximately 150 rpm
“:': Capability i‘_’“ spin axis ntl:tudc's
s
5 ¢ | Primary <33 n-on=-p solar celis provide 40 watls at lsunch
s ; Supplemental Nane

jCcomm. Power Needs
3

22 watts

Size Ab=mch dinmeter, 32 inchex high
[Weigit 162 1b, or less
_{ Frequenzy 2400 MHz )
_L_E EIRP ~12 dBW nunuvwn an all directions within 145(' of i plane
&E norm:l to the spin axis
£ Frequency = 7.3 GHz
g EIRP =55 dBW mitnimum
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i Table A-4, DSCS Phase I Access Frequencies
3 ;
.. Satellite RF Frequency (MHz)
Access
Channel Uplink (Receive) Downlink (T cansmit)
i 1 7.267.0250 7,985, 7450
] 2 7,271.7125 7,990, 4325
t 3 7,277.9625 7,966, 6825
4 " 7.285.7550 8, 004, 4950
! A-7
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A.3 DSCS PHASE Il SATELLITE

A, 3,1 Space Subsystem, General

Phase II of the DSCS is planned to provide greatly increased capability
over that of the Phase I, A detailed description of Phase II is provided in
Appendix D, Contrasted with the DSCS Phase I, the space subsystem for Plase
1I will provide satellites with greater EIRP and in synchronous orbit, This will
result in increased system capacity and higher satellite availability. The satel-
lites will be maintained within +3° of their designated orbital positions, The

satellites may be repositioned at least once during their operational life to any

other equatorial point at a rate of 15° per day,

A. 3,2 Satellite Transponder

The Phase II satellite transponder consists of a multichannel reneater with
the channels cross-linked, a receive and a transmit EC ontenna, and two steer-

able NB antennas, each capablec of receiving and transmitting simultaneously.
This arrangement will provide four different modes of operation:
1, Earth coverage to earth coverage (EC-EC)

7. Earth coverage to narrow beam (EC-NB)

3. Narrow beam to earth coverage (NB-EC)

4, Narrow beam to narrow beam (NB-NB)

The basic interconnection for these four modes is shown in the block

diagram, Figure A~2,

The uplink frequency transmitted by a Phase i] earth terminal ‘etermines
which of the four modes will be used. (This assumes that an earth terminal
planning to use either the NB-NB or NB-£C channels 1s within tiie gcographical
area covered by one of the NR antenna patterns,) The rezeived signal is ampli-
fied and retransmitted in the 7275~ to 7750-MHz band, A simplified {reouency
diagram precsented in Figure A-3 relates the various channel modes, together

with their related frequency translations and satellite antennas, Botn the EC-EC

il
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|-— 500 MH2 —] 5 :
EXCLUSIVE BAND ‘
EC-NB EC-EC NB -EC NB-NB .
C-EC_
UPLINK —]
7 17 7 8 8 8 8 8 8 ;
9 {9 9 o 11 12 4
o |s 7 2 0o 2 |7 1 0
0 |0 s s 0s |5 5 0
)
EXCLUSIVE BAND v v
A EC-EC NB-EC NB-NB EC_NB
DOWNLINK /A
: ) 7 7 7 7 7 7 7
2 3 3 4 4 4 6 7 7 7;
BEACONS: 7250.1 5 0 7 0 5 9 7 0 5 :
76751 0] 0 5 0 0 0 5 O 0
fe- 500 MH2 —

Figure A-3. DSCS Phasc 1! Sateilite Frequency Translation Plan
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and NB-EC channels share the output power of a 20-watt TWT amplificr, using
the earth covirage antenna, Likewise, the NB-NB and EC-NB channels are
combined and transmitted via a second 20-watt TWT, using cither onc or both
of the narrow coverage antennas, The bandwidth of each channel is presented
in Figure A-3 and represents 410 Mllz of usable bandwidth, The satellite EIRP
is 28 dBW for the EC mode and 43 dBW for a NB antenna (or 40 dBW cach if two
are used). This allows a marked increase in capacity and flexibility compared
with the 7 dBW of the Phase I satellite, Table A-5 provides a summary of the

major characteristics of the Phase 11 satellite,

All active components within the transponder are redundant, The sclection
of the active components and narrow beam antenna switching and steering is done
by ground command, To achicve maxiinum in-orbit usage of the Phase II satcl-
]iie, all onboard systems have been sized to provice a4 minimum S-yecar opera-
tional lifetime, Each channel wathin the satcllite can he commanded to operate

in a linear, quasi-lincar or hard-iimiting mode,

All transmitting antennas will be left-hand circularly polarized, whereas
the receiving antennas will be right-hand circularly polarized, The twc narrow-
bewm antennas will be capable of being independently steered £10° from each of
two orthogonal directions, and the half-power beamwidth will cover an area
approximately 750 miles in diameter near the subsatellite point, The earth
coverage antennas (transmit and receive horns) will provide coverage to

approximately one-third of the carth's surface,
A4 TACSAT

A, 4,1 Space Subsystem, General

The TACSA'T program was designed to provide satellite communications
between mobile tactical terminals., In January 1967, after a scries of success-
ful experiments, a contract was {cr the development of the Tactical Communi-
cations Satellitc i TACSAT), On 9 February 1969, the satellite was launched

into synchronous orbit and positioncd over the U, S5, The sotellite has been very

A-11
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Table A -5 .

DSCS Phase II Satellite Characteristics

X -8ANO MEC'IANICALLY X--BAND MECHANICALLY $ BANO BICONICAL HONN
TYPE OESPUN HORN DESPUN PARABOLOID REFLECTOR FORITAC
Q Number 1 1 1
§ Beamw dth Earth Coverage Beam — 16° Narrow Beam = nomina) 2.5° Toroudal 32" wide
-
g )
Gan Xmit. - 16.8 dB [Edge} Xmit. - 33 dB (Edge) t 348 (Pesk)
T Single corversion with each of 4 channels aperating in a hnear, quasi —-hinear, or haed -limiting mode s
voe selected by ground cammands
Configuratine " EC-EC’ EC-NB® NB-NB* NB-EC
Bandwidin {1 ¢B) 125 MH? 50 MH ¢ 185 MH, S0 MHz
Number One Ore One One
Raceiver
&
w Type Front Ena Tunnei Ciode common 0 EC-EC & EC--NB Tunnet Diode comman to NB--NB & NB -1 € chanr=(g
< channels
é Front End Gan No Ousta Na Dats
<
Svitem Nowe Figure 83d8 12848
Transmiter
Tyoe TWT comman 0 EC-EC & TWT common to EC-NEB &
& NB-EC channels N8 -NB8 channels
This channel shpees & tranymitter
with EC-EC channe:
Power Out 20 Watny 20 Watts
EIRP be. X:1:1) A0 dBW (Each of 2 antennas}
43.1 dBW {1 pntenina)}®”
Stabii:zavion
Type Soin ttanihzed ~ notinai 80 RPM with hvadrazne thrusters toe stationkeeping and att:tals crirectinn.
“ Canadinity Pointing accuracy of despun platform *0 147 Thst of NB antenny 10 2° East- West stationkeeping e athen °3
- of desipated subsatetitg noint for U yeary
2
< | Power Snurce
e
: Primary Right cylindsicat array of soial cells, capabie of providing 520 watts at faunch & § 357 wath Sfiee B ye, &
g
&
% Supplement These nickgi-cadmium battene
-
~ | communicanion Power Nesds 235 watty
Size 9-toot dizmeter  13-loot height
Weight 12010

*Denotes upiink and downlink pntennas that channe! intergonnects,
*With 2 N8 sntennas employed, TWWT output power if 1plit, With 1 entenna, *ult power goe4 10 that antenns,
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successful in its testing and developrasant role, and it was used in support of
Apollo recovery operations. Table A-6 summarizes data relative to the space-

craft,
Table A-6. TACSAT Satellite Data

—
Satellite TACSAT
Manufacturer & Sponsor Hughes Aircraft & AF Space and
Missile Systems Organization
L -
Launch Date February 9, 1969
Launch Vehicle Ti*tn I{IC
~ Apogee (mi. ) 22,397
Orbital Perigee (mi.) 22,331
Data Inclination 0.6°
Period 24 hours
;Status Active o

A.1,2 TACSAT Transponder

The TACSAT communications subsystem consists of both an SHF (7 to §
GH2z) frequency transiating repeater and a UHTI (240 to 340 MHz) {requency
translating repeater, each capabl‘e of operating with selectable bandwidths from
50 kHz to 10 Milz, In addition therc are two crossover modes of operation

(from UHF to SHF and from SHTI to UHT),

The modes are under control i commuands transmitted by the satellite
control earth terminzal, In keeping with the concept of mobile terminal sim-
plicity, tae sat-liic performs system trequency control by transmitting UHFE
and SHF beacon signals which are used for antenna pointing «nd as references

for all transmit and veceive function frequencies generated at the terminais,

Table A- 7 shows the operating frequency bands at UIHF ance SHIY. The
UHF band uses threc operation. ! miodes, These are (1) narrow-bard voice;
(2) a frequency hopping sy=swem, known as tactical transmission system (TATS),
designed for military communications environmeats; and (3) hroadcasi alert.

Table A-8 shnws the sienal processing techniques used in each UHEF mode.

A=13
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Table A-7. TACSA'T fFrequencies (MHz)

Purpose Uplink Downlink
SHF Communications 7977.5 to 7987,5 72562.5 to 7262.5
SHF Beacon -——- 7298,5
UHF Communications 302.5 to 312,5 249, 3875 to 249.8125
UHF Beacon -—-- 254, 1

The SHF band uses four modes of operations. They are (1) FM, (2) TATS,
(3) broadcast aiert and {4) DPSK. Table A-9 shows the signal processing used

in the SHF modes.

Characteristics of the communications-related subsystems of TACSAT are
described in Table A-10. A block diagram of the communications repeater is
shown in Figure A-4, There are eight grouna-commandable modes correspond-
ing to the four filter bandwidths at each frequency bard, Two of the modes

represent cross-coupled operation between the ‘HF and SHF repeaters.

TACSAT was the tirst U, S, spacecraft stabilized with gyrostat technology.
This means that the satellite does not have to be spun about its maximum moment
of inertia and thus frees the designer of on-board equipment from the moment

of incrtia design constraints,

The spacecraft consists of a Jarge spinning cylinder within which is mounted
a cone-shaped structure, A bearing assembly attached to the cone structure
supports, on its housing, a despun platform containing antennas and communica-
tions and telemetry equipment, The spinning section contains solar cells;
batteries; auxiliary telemetry, tracking, and command equipment; design control
electronics; the hydrogen peroxide propulsion system; and the nitrogen spinup

system. A pendulum liquid damper is used for nutation dampiug.

The intent of the program was “~ ~rovide experimental hardwure for
testing tactical satellitc communicatio - and, therefore, to be conservative in

the spacecraft development appreo<h,  3pace-proven tecknology was used

A-14
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Table A-10, TACSAT Characteristics

| Type UHF- Five element SHF - Separate fin loaded horns T & C- Biconical Horn
telical array for transifor transmit and recelve
mit and receive
Number One One One
Bearwidth Earth coverage (19°}. Earth coverage {190). Receive Approximately 100
» Receive and transmit and transmit patterns not
2 patterns not identical |identical and not symmetrical.
g and not sywmetrical.
-
3 |Gain peak  17.58an peuk 19.3dB No data
Receive minimum over Receive minimum over covera..
coverage area area 15.2dB
12.79dB
p:ak 17.12dB peak 18.4dB
Transmit mirimum over Transmit minimum over coverage
| coverage area area 15.2dB
14.67dB
Frequency Band UHF SHF (X-BAND)
Type Hard limiting IF trans-(Hard limiting IF translation.
lation., Adjustable Adjustable bandwidth and cross-
bandwidth and crossover lover to UHF repeater by commandy
to SHF repeater vy com-
mand. .
i
3dB Bandwidth Straight through modes- [Straight through modes S0kHz,
S0kKz, 100kHz and 1MHz and 10MHz crossover mode
425kHz ;crossover modes [425kHz
425kHz and 10MHz
Number Gne with some One with some redundancy
redundancy
« Type Front End Transistor preamplifier |Tunnel diode amplifier into
u w into down conversion down conversionh mixer
P z mixer
5 o
g 3 |system vNoise 3.7dp 6.9dn
) Figure
3
Type 16 parallel transistor {3 TWTs = Any 2 summed in an
o amplifiers with summing joutput TWT switch. |
e of any numbar possible
£
E Power Out Carrier power {16 power |[Carrier power (2 TWTs) ld.edBQT
; amplifiers, 23,6dBW
3 +
g Beacon power (16 power '3eacon power (2 TWTs) 0.2dBW |
amplifiers} 8.0dBW l
. Carrier 49.7dEW Carrier 33.0dE™ ]
i Beacon 25.1dBW Beacon 18.6dOW i
% Type Gyrostat - consists of spinning cylinder containing s=olar vells and a despun platforn
= containlng communications equipment. Bearings and slip rings used between the 2 secH|
2 tions. Nitrogen spinup system, hydrugen peroxide reaction jets and nutation damper
N aroc used. .
e
w 5 Capabllity Overall pointing capability is approximately 0.1 degree rms. Howeve:r, intormittent
4 e rutation of about ! degree occurs. Has been investigated and confirmed theoretically
2 17y and can be corrected on future spacecraft.
o
& w [Primary Solar array with 980 watts output
S| gz
: é 2 Supplement Battery capacity-over 20 ampere-hours
o
8
S12E Cylinder 25 feet long and 9 feet in dianeter
WEIGHT About 1600 1b in orbit

A-17
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of the United States' NDSCS Phase I, The U, K, built five earth terminals (three

with 40-foot antennas), one shipbornc terminal and one mobile lund terminal.

All were completed and participated in testing during 1966,

The U. S., in accordance with a mem~randum of understanding with the U. K.,

built and launched two satellites reguired by the Skynet program,

Two satellites were to be launched in 1969-70, with one satellite acting
as a backup for the other to provide a 5-year system capability. Skynet [A
was successfully launched into synchronous orbit in November 1969, Skynet IB
was launched in August 1970 and was a total loss when it failed to make synchro-
nous orbit. It was generally believed that the apogee kick motor used to cir-
cularize the orbit exploded. Table A-11 summarizes information on the Skynet

satellites,

The United Kingdom has initiated procurement of additional higher-powered
satellites from Marceni, a U, K, firm working under license to Philco-Ford of
the U.S. The U.K. anticipates launching the first of the Skynet I series in the
summer or fall of 1972. Skynett II will be similar in design to Skynet I but will

have considerably higher EIRP (20-watt TWT versus 3-watt TWT).

Based on Skynet communications requirements for long distance strategic
point to point digital communications and selected tactical communications with
mobiles, it was decided that two independent satellite bands would be required

(20 and 2 MHz wide). Table A-12 gives the frequencies of the two bands,

Table A-12, Skynet Frequencies

2-MHz Channel (MH?7) 20-MHz Channel (MHz) Beacon (MH2z)

Uplink 7976.02 to 7978, 02
Downlink| 7257.3 to 7259, 3

7985, 12 to 8005, 12 -
7266, 4 to 7286, 4 7299, 5

-

The satellite with two independent hands allowed the tailoring of the modula-
tion and multiple access to satisfy all system requirements, Other specified

features of the system include providing reliability of communications under

A=20
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various conditions of weather, loading and interference, and flexibility as to inter-

connections and traftic carried, e

The requirements of Skynet communications led to a choice of terminals
of varying capacities, In addition, thc satellite ontenna beam was matde as broad
as possible to provide coverage from the U, K. in *the West to Hong Kong in the

Far East, The U,K,'s other areas of interest fall between thesc two extremes,

Traffic requirements were in the form of telegraphy, spreech, and medivm-

speerl dato circuits, Jt was decided that the strategic system would be designed
. - . . ) n, .

specifically 1or digital signals at medium-speed rates of 739 x 2 bits per second

3 )

using the 20-Mdz channel.

For this chotnel, SSMA was chosen over FDMA since critical power bal- “
ance and frequency planning could be eliminated by using SSMA, In addition,
SSMA transmissions can be superimposed without complete degradation when the
nominal capacity is exceeded, and SSMA signals are virtually immune to inter-

modulation effects except for the small loss of useful power (about 1 dB),

In the more difficult mobile terminal case it was decided to use FDMA with
Fl as the basic modulation in the 2--MHz satellite band, In addition the 2-MHz
channel is vsed to provide engineering teletype orderwire facilities between tixed

sataions,

A, 5,2 Skynet Satellite Transponder

Characteristics of the Skynet satellites arc shown in Table A-13. A
simplified block diagram showing the transponder of the satellite is shown in

Figurce A-5,

The communications subsystem ;as shown in Figure A-35) receives, fre-
quency translates, amplifies, and retransmits X-Rand signals, Two channels,
20- and 2-MHz bandwidth (1 dB), are provided. The tota! cutput power 1s divided
equally between the two channels,  Figurce A-5 indicates only the single thread

path, The complete equipment redundaney and cross-strapping which is employed
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Table A-13,

Skynet I Satellite Characteristics

- —

Saetneh dosneter, v mehice= ik

Loaviet 2353 h, o oriat 2so 15

I — —1 —_ - e
Type X~Band mechamcally UHF array for TT&C
despun with redundant UNHE
transponders and
commund,telemetry
) processing equipment
g — U .
E Number Onu Two
5 ~ - ——e
Beamwidth 19 Essentially omni-
direction:d
- — JRROE
1
Gain I35 dB <t 7 dly 1
S—— — e S ST LT I o T L T It T ST T T T T s s —
Frequency Band X-Band
Type J’ Hurd-Limiting dual channel
| _ - —_—— e
: 1 JdB Bundwidth 29 Mz and 2 Mz channels i
' n | ——— R ]
‘.- o "|
! 2 Ai’ Type Front kEnd Down conversion mixev into hinear amphiier
'& l :-; } _. —
= 2 | Noise Figure 10.2 4B
= = Noise Figure L2
L i - ———— e —
|
- !'l‘:.pu Redundant TWT
| 53 - —
& E i Power Output lel o4 watts
EIRD 19,5 dbBv !
. y
_I Type Spin YU rpm - 5 years |
| Cupnbility (station keeping) + % for i vears !
4 U 4
% 1 1
= PbTimery Cyhndrical arvay of silicon solav cells, capable l
g ) of providing 97 wstts of prime power, throughout !
g A vears of artat hfe |
- L = 1
e lSupplvmcnl:-l Two redun fant 16-cell mekaelecudmium batteries i
€ i tor vperation turang celipse (6 AH pov cell)
= e ———.—— —o——---,———————-————d'
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to achicve reliability is not shown, Selection of either set of communications
equipment, operating with either traveling wave tube amplifier, is done by

ground conimand,

The communications antenna consists of the RT assembly and the motor
drive assembly (MDA), RF energy is circularly polarized, collimated into o
plane wave front and focused on the flat plate reflector., The beam axis, reflected
through a 90° angle, is continually directed toward the subsatellite point by the
despun motion of the radiating aperture, A rotary choke joint at the lower end
of the MDA housing permits efficient transfer of energy hotween the spacecraft’s
fixed and despun waveguide sections. A hydrazine reaction control subsystem
provides for attitude control ind station keeping, and in addition will altow the

future relocation of the Skynet satellite if system requirements change,

Three redundant antenna-pointing control systems-=carth horizon sensors,
sun angle sensors and a backup earth-to-satellite command link--are provided.
A UHF subsystem, also redundant, is provided for telemetry tracking and
command scrvices (TT&C),

Electrical power is supplied to the satellite from solar arravs, with
batteries provided for eclipse operation, Redundant power control vnits are
used to provide regulation, battery charging and load control,

A, 6 NATO

A.6,1 General

In 1967 a Memorandum of Understanding between the United States and

NATO was signed whereby the U. S, would build and Lwunceh two Skynet-type

satellites. The U.S. Air Force's Space and Missile System Organization (SAMSQO),

with technical support from the Acrospace Corporation, was to act as the pro-
curement agent for NATO,
system studies indicated that two minor changes in the Skiynet satellite

wouid provide a better system for NATO,  The first modification was to change
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the equal power division between the 20- and 2-3MHz channels of the transponder
to n 6:1 ratio, respectively, The second change was to shift the antenna-aiming
point from the subsatellite point on the earth to between 40- and 15°N latitude
since all NATO earth terminals were to be located north of the Equator, This

yielded a better power spread for NATO coverage over the Northern Hemisphere,

In addition, NATO decided to participate in the DSCS Phase 1 test program,
They initially leased and finally purchased two 15~foot diameter MASCOT satel-
lite ground terminals built by Philco-Ford. These terminals were used to train
personnel for the advanced system (NATO SATCOM Phase II), The early part
of the program involving operations with the DSCS Phase [ voas called NATO

SATCOM Phase 1.

The NATO SATCOM Phase 1l included launching the two modified Skynet-
type satellites and building a satellite ground system, The two satellites were
to be launched in 1969-70 with one satellite acting as a backup to provide a 5~
year system capability, NATO I was successfully launched into synchronous
orbit in March 1970, The launch of NATO 11 was delayed until 1971 becausc of
the apogee motor failure that occurred during the launch of Skynet IB. NATO

I1 was successfully launched into synchronous orbit in February 1971,

The operational requirements dictated the use of 12 fixed carth terminals,
The 12 stations are located near the capital cities of the following 12 countrivs:
Belgium, Germany, United States, United Kingdom, Norway, Turkey, Italy,

Canada, the Netherlands, Denmark, Greece, and Portugal,

The terminals are all equipped with -12-foot diarmcter antenras; however,
the (1) terminals will be equipped to handle 24 voice channels and the (M)

terminnls only three voice channels,

AL6,2 NATO Transponder

Table A-1t provides the NATO satellite characteristics,  The simphiticd
block diagram of the NATO ratellite is the same as that shown in Tigure A-=o

for Skyn«t,
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Table A-14, NATO Satellite Characteristics
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Tabhle A-15, Intelsat I\ Characteristics

Type Global, receive, global transmit: conical horn
with flat plate reflection, Spot Beam: 50-inch
parabolic rreflector. Omnidirectional command

g receive antenna and ominjdircctdonal telemetry
£ transmit.
z

Number 2 of each of the above communications antennas

Transmitter Beamwidth {global/spot beam) 17/4.5°

Transmitter Gain (global/spot) 20.5/31.7 dB

Polarization Zircular

Frequency Band C~band

Type Lincar or limiting* single RF conversion repeater

Bandwidth 1 dB 36 MHz

Number 12

1
T
§ Type Front End Tunnel Diode Amplifier
E Front End Gai. 13.8 dB
b & System Noise Figure 8.2 dB
kS ] .
< 3
E | Type TWTA
g Power Out 8 dBW per transponder
EIRP** (global /spot beam) 22,5,/31,2 dBW per transponder at beam edge
=g
'§ Z | Type Spin with hydrazine jet attitide and orbital**
o N contrel,
i
&
2
2 o
~ § & | Primary 42,240 solar cells - 75¢ watts at launch
"': £ Ug,' Supplement Nickel-cadmfum batteriecs
&
G’ Size Cylindrical: 7'9" diameter, 17'4" heij:ht overall,
9'3" solar drum alone
Welght (at liftoff) 3094 lbs
(in orbit) 1544 lbs

Notes: *Selectable by ground command.

*+Both north/south and east/west stationkeeping provided.
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paraboloidal dish, are mounted on the despun control mast, The aiming of the
spot beams is controlled from the ground, These antennas have a 4, 5° beam-
width and can provide high-gain coverage in selecled areas. Figurc A-G is the
block diagram of Intelsat IV, The satellite, using the EC anteuna, will be
capable of relaying 6000 half duplex channels or 12 color television programs,

or equivalent combinations of such transmissions.

. Operating frequencies for the four types of Intelsat spacecraft arc shown
in Table A-16, Thc bands of usage indicated show that the Intelsat I, II, and
IO spacecraft contained two, one and two independent repeaters, respectively.
In intelsat IV, the bandwidth shown spans the total operating frequency range
of 12 independent repeaters. Downlink center frequencies for the 12 repeaters
are: 3725, 3765, 3805, 3845, 3885, 3925, 3575, 4015, 4055, 4095, 4135, and
4175 MHz, respectively. Uplink frequencies for cach repeater are 2225 MHz
above the indicated downlink frequencies, 7The frequencies employed were
selected to be compatible with the shured frequency bands allocated to com--
mercial satellite communications by the International Telecommunicaticns

Union in 1963,
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APPENDIX B = EARTH TERMINALS

B.1 GENERAL

This appendix presents a summary of the characteristies of currently
available and proposed earth terminals of interest to military communicators,
Major design characteristics of the earth terminals covered in this section

ave provided in Table B-1,
B.2 AN/FSC-Y

This terminal type was originally developed for an R&D program ind
was converted to meet the requirements of DSCS Phase | and other experimental
programs, Figure B-1 is a photograph of the AN/FSC=-9 antenna and Figure
B-2 is a simplificd block diagram of the original carth terminal, There arc
two existing terminals of this type; one at Fort Dix, New Jersey and the other

at Camp Roberts, California,

The antcnna is a 60-foot diameter paraboloid reflector with an automatic
traching feed system. The reflector for the antenna includes a superstructure
that acts as a counterweight and provides housing for electronic equipment,

The weight of the antenna is approximately 190 tons, The antenna was designed
to operate with low-altitude satellites, hence the axes have rotational rates of
about 10° per secund,  Also the antenna was originally designed to operate at

a lower frequency than that used by NDSCS Phase I and the gain at 7 and 8 GHez
was lower than desived., Improvements during 1971 partially rectified this

problem,  Automatic tracking is provided by a pscudomonopulse technique,

The AN/LFSC~9 terminal is equipped with both FM and spread spectrum
(pseudonoise) modulation equipment, The FM modulator accepts the 0,3-to
52-kHz baschand from the AN/FCC-55 multiplexer and modulates it to onc of
four frequencies in the 70-MHz IF, The demodulator tiakes the 70-MHz signal

from the microw:i.ve receiver and demodulates it to the 0. 3- to 532-kHz basehand.
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The spread spectrum (pseudonoise) equipment, AN/URC-55, processes
the baseband of up to four voice channels with deviation factors of 2, 4 and 8,
The digital modes of operation can process one digital chan..el at rates of

from 75 to 4800 bps in multiples of 75 times 2N. The IT is at 70 MHz,

The AN/FCC-55 multiplexer/demultiplexer performs the following

functions:

1. Multiplexes a total of 12 incoming user voice channels, a 0~ to
{-kHz orderwice, and the ovt-of-band teletypewriters (TTYs) into
a 300-Hz to 52~kHz baseband package. One TTY channel serves as
a terminal orderwire; the second TTY channel may serve as a
TCF-to-TCF orderwire. The 4~-kHz channel normaliy is used as

a voice comuwnications channel for the 5-channel mode,

2. Demultiplexes the recvived 52-kHz baseband package into the

individual circuits as enumerated above.

The prime power for the AN/FSC~9 earth terminals is supplied by com-
mercial sources, The requirements for terminal operation are 400-volt,
3-phase, 60-Hz, 700~-kW voltage, The AN/FSC~9 terminals have been
rehn.bilitated and upgraded in performance, including modifications to incor-

porate some redundancy and increase the availability of the terminals.

B.3 AN/MSC-46

The AN/MSC~-46 is = mobilize satellite communication termir ! that
operates with synchronous or near-synchronous satellites, There are 13
AN/MSC-~46 terminals now deployed for operational use in the system, One
additional AN/MSC-46 is located at Fort Monmouth, New Jersey for testing
and training, The AN/MSC~46 provides an output power of 10 kW in the
frequency range from 7,9 to 8,4 GHz, The receive frequency is in the
range from 7,25 to 7,75 GHz, The system co;xtulns multinlex equivment with

an installed capacity of 12 duplex voice channels and five ¢aplex TTY channels

B-3



in a bascband of 4 to 52 kHz., Auxiliary wideband baseband inputs of 0.3 to 500
kHz or 0,2 to 252 kHz (up to 60 voice channels) can be accommodated, To
facilitate cperations, an additional TTY channel is used as an orderwire,

Figurce B-3 iz a photograph of the AN/MSC-46,

The AN/MSC-46 terminal is housed in n cargo van, a maintenance van,
an operations control van (OCV) ard an inflatable radome. Power is furnished
by three diesel generators of 100 kW each, or local commercial power, if
available., The complete terminal, inecluding the disassembled antenna anc
radome, can be transported in C~124, C~130E, or C-133 aircraft, Thc
total weight is approximately 114, 000 pounds. After arrival on site, a crew

of cight trained men is required 1o erect the terminal,

The AN/MSC-46 teriminal uses u 40-foot diameter Cassegrain type
antenna system with an autoiratic tracking iced sysiem capable of tracking
syr.cuveous and near-synchronous coinmunication satellites, 7The reflector
is mounted on a transportable pedestal which uses a tripod ground support,
The RTF roora, contuining the receiver and high-power amplifier, is located
divectly bchind the main reflector, The antenna fee is a frur-horn (nndified)
monopulse, circularly polarized feed that is used both for transmitting ard
veceivivz, The feed provides sum, cle.ation error, and azimuth error
signals to the RIF receiver for comrunication signal processing and antenna

trackiag. The metallic . ubreflector originally used a tripod mow, The

AN/MSC-46 antennas have been modified by replacing the sureflector assembly

with a single 'Diclmtido (dielectric cone) feed,

Tiae AN/MSC-47 terminl (s cquipped with FM and spread spectrumn
(pscudonoise) modulation and multiplex equipment similat to that described

for the AN/PFS(~9 except that the [T frequencies are different,

The AN/MSC- 46 terminals also have the AN/TCC-3, a five-ch:nel
tactical quality multinlex unit, The bascband configuration of the top four

chanpels is inverted; that is, the carriers and lower s'debands are suppr: ssed.

B-7
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Figure B-3., The AN/MSC-46 Earth Terminad With No Radome
But With Updated Dielguide Antenna Feed
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The baseband configuration of the AN/FCC-55 multiplex is upright; i, e., the
carriers and upper sidebands arve suppressed, Thus, the AN/TCC-3 baseband
is incompuatible with the AN/FCC-55 baseband. Figure B-4 is a simplificd

block diagram of the AN/MSC-46,
B.4 AN/TSC-54i

The AN/TSC-54 is a transportable satellite communication earth
terminal, It provides the capability tor tracking 1 communication satellite
and for transmitting 7.9 to 3.4 GHz and receiving 7,25~ to 7. 75-GHz signals,
A six=man crew can erect or dismantle the terminal in 2 hours, Figure B-5
is u photograph of the AN/TSC=54, The primary elements of the terminal
arc a modificd 8-141/G equipment shelter and the antenna assembly, To
complete the terminal a primary power source and suitable mobilizing cquip-

ment arve supplied,

The cquipment is configured to be transported overland with attachment
of suitable wheel assemblies, Detachable ground mobilizers (GOAT mobilizer -
goes over all terrain) are supplied that allow towing of the terminal over
uniniproved terrain, The equipment can al e airlifted by helicopter, The
entive system weighs less than 17, 500 pounds without fucl; no single package
weighs imore than 6000 pounds, Also the maximum dimensiors and overall weight

are compatible with the loading capability of cargo aircraft such as the C-130¢,

The AN/TSC-54 terminal uses an array of four 10-foot diameter , - u-
bolic dishes, each of which has o Diclguide feed for Cassegrain illumination,
providing an 18-foot effective diameter. The antenna is supported and stiabil=
ized in the operational configuration by tripod outriggers, The klystron power
amplificr, exciter, and power supplies are mounted in the antenna pedestal
base, The parametric amplifier and frequercy transintors are located directly

hehiad the antenna reflectors, The sigrnal Guiereies o -0 the antenna~-mountedd

clectronics are ot 400 MHz,
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Figure B=5. The ANTSC-51, Highly Transportable Terminal,
With Cloverleaf Antennn Which 1s Fquivalent to an Is<Foot Diameter Reflector
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The AN/TSC-54 is equipped with FM and pseudonoise (PN) modulation
cquipment, The Navy AN/TSC~54 terminals are also equipped with differential
phase-shift keying (DPSK) modulation cquipment, The FM receiver is a phase-
luck demodulator with selectable bandwidths (by switch) and additional band-~

widths are selectable by module change,
The I'M modulator provides for the following modes of operation:

1. One voice plus one duplex out-of-band user TTY and one

out-of-bhand orderwire TTY
2. One in-band TTY (last ditch operatiun)
3. Onmne, four, cight or 16 multiplex TTY
4, One truncated voice channel,

‘The DPSK modulation/demodulation equipment is capable of supporting
up to 16 time division-multiplexcd tcletype channels, The PN equipment,
AN/TURC-61, processes one voice channel plus one FSK-TTY orrderwire or
FDM of 16 VFTG TTY channels. The digital modes of operation can process
one digital channel at rates of from 75 to 4800 bps. Prime electrical power
is supplied by a light-weight 45-kW 400~Hz diesel generator set. The eleectrical
specifications for prime power are 120/208 volts + 5 percent, 400 Hz + 2 percent,

3-phase, 4-wire,

This terminal will be modified and equipped to fulfill ¢ither of two
missions in Phase "I, It will be used for DCS trunking in the earth coverage
mode providirT from three to six voice channels., It will also be capable of
being rapidly deployed as a contingency terminal utilizing the satellite narrow-

beam antenna,
B.5 AN/MSC-60, HEAVY TRANSPORTABLE (HT)

Table B~1 presents the design characteristics of the AN/MSC-60, The

AN/MSC=-60 earth terminal shown in Figure B-6 is a transportable terminal

B-12

i.




¢ TETETRTTR i e TN m y

) oS

i

P

& i JRm— — - R . “



LI

designed as a semifixed installation, but having recovery (disassembly/
reassembly) capability, It requires a prepared site and about 45 days to install,
A prototype model has recently been developed by the Army SATCOM Agency
under a contract to Philco-Ford Corporation, The terminal is expected to be
delivered during 1972 and deployed operationally as a nodal terminal in Phase
I,

The antenna reflector system consists of a solid-surface, 60-foot diam-
ctev, high~efficicncy main reflector and a subreflector, The HT terminal G/T
and EIRP capabilities are 39 dB/°K and 127 dB, respectively, and the terminal

v.ovides a multiple transmit and receive carrier capability.

The AN/MSC-60 terminal interfaces with n communications subsysten
at IF frequencies of 70 to 700 MHz for both transmit and receive carriers.
Tuning of transmit and receive carriers in increments of 1 kHz over the full
500-MHz uplink and downlink satellite frcquency bands is provided, An auto-
matic carrier balance capability is used that provides automatic leveling of
each transmitted carrizer with an accuracy of 0,2 dB, The AN/MSC-60
terminal has been designed with extensive and sophisticated automatic fault
location, monitors and alarms., An interface has been provided which is suit-
able for remoting the analog and digital signals releting 1o the many parameters

which are monitored,

The terminal will include three vans in addition to the antenna and
pedestal subsystem, One van is used for housing the transmitters and heat
exchangers, another van houses the R} operations equipment including the
control console and a third van is used for maintenance purposes, The total
weight of the AN/MSC-60 is 40v, 000 pounds, including the maintenance and

fervice vans and the prime power units,

The AN/MSC-60 can be equipned *vitnh up to nine transmit and 12 recceive
(FDMA) carriers. Hcwever, the initial models procured will be equipped with
iive transmit zad nine receive carrievs. These terminals are designed to be

deployed to nodal locativns, replacing selected AN/MSC-46 terminals. The

B-14
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higher inherent availability of these terminals, together with their performance

capability, will increase the overall performance of Phase II,
B.6  AN/MSC-61, MEDIUM THANSPORTABLE (MT)

The AN/MSC-61 is the medium-weight counterpart of the AN/MSC-6v
heavy werminal,  Both terminals are basically simtlar in electronic design
and have the =same interfaces, redundancy and availability. A primary diffcience
is that the AN/MSC-€1 is equipped with an 18-foot, aluminum, cloverleaf antenna
that is used with the AN/TSC-54. This increases the mobility of the terminal
but deercases the G/'T from 39 to 27 dB/°K.

The overall weight of this terminal will be approximately 100, 000 pounds,
including the maintenance and service vans and the prime power units, The
AN/AISC-61 and AN/MSC-60 vans have been désigned with sufficient common-
ality to be interchangeable, The van equipment, as normally outfitted for the
AN/MSC-61 terminal, will not include the redundant 3-kW TWT power :.mplifier,
and will have only three up converters and four down converters as opposed to
five and nine, respectively fcr the AN/MSC-60. Figure B-7 is a picture of the
AN/MSC-61,

B.7 SCT-21

Figure B=-8 shows the SCT-21, a transportable earth tcrminal designed

by Philco-Ford and intended for nonmilitarized usc,

The 21-foot satellite communications terminal is a link terminal capable
of providing microwave communications between earth-bascd stations via
active satellite repeater systems operating in the military satellite communi-

cation frequency hands. The system consists basically of the following:
1. 21-foot high efficiency antenna
2, Comirmunications transmitter

3. Communicaticns receiver, including cryogenic paramp
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Figure B-=x,  The SCT=21 Transportable Terminal
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4, Beacon tracking receiver

5, Alarm and status equipment
6. Communications terminal equipment
7. High-efficiency digital modem,

The terminal s 1 modular design to facilitate changing operational capabllities

and to provide a high degree of maintainability with a low mean time to repalr,

The terminal is capable of accepting nominal 1-kHz analog volce channcls,
2.100-bps data channels modulated onto a 4-kHz channcl wire line and TTY
channels from up to 20 uscr lines and provides a minimum capability to relay
up to four of the 4~kHz channels including two TTY channels or up to 50 kbps
of digital data on a single carricr frequency, Multiplex equipment and transmit/
receive equipment provided for near optimum communications of the following

two communications modes,

1, Analog - The rerminal is capable of providing up to four full
duplex voice or 2400 bps dat~ links or any combination thereof
and 2 full duplex out of band 60/100 wpm teletype circuits,

One teletype is a dedicated terminul-to-terminal orderwire,

2, Digital - The terminal is capable of providing one full duplex
50, 0 kbps channel and one full duplex 60/100 wpm teletype

clrcuit,

The modular design concept readily permits simple addition or deletion
of capubilities, The terminal has a 21-foot diameter, high-efficiency antenna
and a 5-KkW power amplifier, 7The primar; frequency bands are 7. 975- to 8,025~
GlHz transmit and 7, 25- to 7, 30-GHz receive, A low noise parametric pre-
amplifier amplifics incoming communication and beacon signals, The tracking
beacon frequency is assumed to lie within the 50-MHz band containing the
communication signal, The data and tracking receivers use phased lock loop

techniques, Automatic tracking is provided by the wideband monopulse-type feed,
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System noise termperature is 123°K maximum resulting in a G/T ratio

e

Al
b

of 31 dB3/*K.mintmum, The availability for this terminal ts not less than E f

- \E“l.! I

0,995, The terminal system is capable of being operated by a single man,

although normally two men per shift would be used, The cquipment operates
and maintains a specified performance from power sources having the char-
acteristics outlined in Table B-1, ' E

B.3 AN, TSC=%0

The AN/TSC=80 (shelter terminal) s an SHIP tactical satellite communi-

cations ground terminil, Table B-1 presents the major characteristics of
the shelter terminal, The AN/TSC-80 shelter terminal shown in Figure B-9
incorporates all of the transmit and receive functions outlined in Figure B-10

and generates {requencies necessary for operation on all the carriers

L R

designated in Figure B=11. All of the clectronics cquipment is housed in

-g:' an 3-313(¢ )/G shelter transporvtable by a 1-1/4 ton M~715 vehicle, helicopter,
; or aircraft, An ace essory trailer carrier dual 5-kW gasoline generators, 7
T and provides stowage for the J-foot :untenna reflector, feed system, antenna

=+ supports, and fuci, The untenna system, including the SHF receiving
I amplifier contai ing hoth parametric and tunnel diode scctions, mounts on the :

corner of the suelter using quick-release pin hardware,

The transmitter output signal is applied to the antenna feed through a

scetion of twistable waveguide to allow elevation and azimuth adjustment, A

gy Ay

crank-=driven worm drive provides azimuth adjustment, and a chain drive
micchanism provides clevation adjustment, Huand transits are provided for 3
initial sctup and o remote beacon strength indicating meter allows the operator J:
to make precise manual adjustments, Consistent sctting accuracies of under
=0, 537 have been experienced,  Acquiring the satcllite has proved to be easy
and straightforward on all terminals, Setup times with a two-man crew

have run under 20 minutes,
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Figure 8-11
Figure B-11b, AN/TSC-80 Typical Frequency Allocation Chart
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I B.10 DIPLOMATIC TELECOMMUNICATIONS SERVICE (DTS) '
The DTS terminal, shown in Figure B-13, is intended to provide relatively f
: I_ incxpensive dedicated or special-purpose user service, The cquipment is -

- designed for unattended operation and features a relocatable configuration,

T e Table B-1 presents the design characteristics of one DTS terminal (designated -

— SC-1B) intended for nodal service, This terminal will have the capability of

- receiving aad transmitting two carriers,

The equipment design is modular so that many variations are possible

i

as desired by the user, Figure B~11 is a functional block diagram of the
terminal, Individual carrier power is adjustable over a 40-dB range. The
.nodem uses convolutional encoding and Viterbi algorithm decoding, which

- E

achieves a bit error rate of 10_0 with an _b - G dB. )

i

Two service test models of the terminal have been procured. The .
SC-1B will have the cipability of handling 2400 bps PSK on one carrier and 1
cither 150 or 309 kps PSK on the other carrier. Provision will be made to
incorporate a s;ﬁead spectrum modem with an RF bandwidth of 20 MHz, The

‘ second terminal, designated SC-1A, will have a 6-foot antenna with a S . 17.5

o tautibaba T Al o

dB/°K and an EIRP = 94 dBm, The SC-1A will have ihe same ecapabilities as
the SC-1B,

The DTS is planning to procure a third terminal (designated SC-2) to he

.

% . : : G ;
used as an entry station, The antenna diameter will be about 30 feet, the T - E

31 dB/°K, and the EIRP = 118 dBm. This terminal will have the capability of

transmitting and receiving 25 P3K or spread spectrum carriers,

- q

Additional optional configurations include antenna diameters up to 60 feet,

o el

transmitter powers up to 2, 53 kW, and FM analog of QPSK modems,
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B.11 MAJOR SHIP SATELLITE TERMINAL (MASST)

The Navy is currently procuring four AN/SSC-6 terminals for use on
flect flagships, Each terminal will have a ¢6~foot antennu and will have a dual
transamu and receive carrier capability, The termiaal design characteristics
are shown in Table B-1, IF interfaces are provided at 700 MHz and at 70 MHz,
As presently configured, the terminals will have a DPSK modem and an AN/URC-
61 pseudonoise modem, The terminals will provide voice and teletype communi-

cations between the flagships and shore stations,
B.12 AN/TSC-86(LT)

This carth terminal family has not yet been completely defined; however,
two development models will be procured when a contractor is selected, The
tcrminals are to be capable of truck iransportation for rapid deployment,
Table B-1 presents typical parameters for one of the LT terminals, which will
have a capability of one transmit and one receive carrier, The terminals are
atended for special user service, such as contingency, Presidential support,
DCS extension, and intra-area trucking, The terminals for the most part are
intended for FDMA operation while the DSCS uses FDMA, When TDMA is
introduced into the DSCS, either a channelized satellite repeater will have to
be used or a special low-cost TDMA modem will have to be developed for the

small user,

B-28




APPENDIX C - PHASE I

C.1 BACKGROUND AND CONCEPT

In 1962 the Secretary of Defense established the Defense Communication
Satellite Program (DCSP) to develop a satellite communication system that
would provide long-haul links between fixed, transportable, or shipboard
terminals, Overall responsibility for DCSP was assigned to the Defense Com-

munications Agency (DCA),

The initial objectives of the program are shown in Table C-1,

Table C-1, DCSP Objectives

Number Objectives

1 Counduct system research, development, testing and evalua~
tion to determine operational compatibility and utility of the
Initial Defense Communication Satellite System (IDCSS) to
meet user requirements,

2 Establish a research and development communications
satellite system, designed for the most part to be directly
convertible and expandable to an operational system
through integration and compatibility with the DCS and,
thereby, also capable of providing service to specified
users of the National Communications System,

3 Provide an emergency capability for supplementing the
Defense Communications System (DCS) and improving its
assurance of provision of the minimal essential survival
communications for the National Military Command and
Control purposes,

Phase I of this program was given th= titlc Initial Defense Communications

Satellite Program (IDCSP),

The development concept of the IDCSP satellite included the require-

ment that the operational satellite be independent of ground command and that

C-1
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simplicity be stressed in the design of the communication subsystem. Thus,

there was no active control of position or orientation of the satellite either

during deployment or during tae life of the system.

‘3
k|
3

The period immediately after the first launch on 16 June 1966 was used

4

for system testing between deployed terminals, In particular a two-channel . .
duplex link capability between two AN/MSC-46 terminals was demonstrated.
In December 1966 emergency oaperational links were established between

Hawaii-RVN and Philippines-RVN, In July 1247 lhe entire Pacific network _.

was placed in initial operational status, and integration of IDCSP into the DCS ..

o bt s

was begun, Thus, designed »c an R&D system, the IDCSP quickly became an

operational system, though some R&D was continued in othcr portions of the

system.

o el ] L

C.2 SYSTEM DESCRIPTION

The Defense Satellite Communications System (DSCS) is one part of the
total Defense Communications System (DCS), which is a worldwide complex of
long-haul, point-to-point communications facilities, These facilitics include
transmission via conventional VLF through HF radio, land and submarine
cable, microwave, and tropospheric scatter. The IDCSP augmented and,
where physically or technically advantageous, replaced conventional communi=
cation methods. The IDCSP provides near-synchronous communication satel-
lites to relay voice and digital communications between fixed and mobile users,
It consists of four subsystems: earth station, launch and deployment, space,
and control,

Figure C-1 shows one half of a typical DSCS user-to-user link; the exact

configuration of the earth station/user interface varies depending on the situation.

For example, it is possible for the user (especially tactical or contingency

i s I ot o st 1 S g el i 1 ot i

users) to be connected directly to the link terminal, However, in normal DCS

use the user interfaces with the Technical Control Facility (TCF), as shown in
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in Figure C-1, Each satellite has one transponder which is used for one duplex :
link. .-
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The earth station subsystem includes all the elements necessary to estap-
lish satellite communication channels which serve DCS stations or the divectly

connected users.

There are several types of terminals used in the IDCSP, Two AN/FSC-Y :
terminals are used, one at Camp Roberts, California and the other at Fort Dix, -
New Jersey. They are fixed installations, cach equipped with a 60=foot~ -
diameter antenna, <che AN/MSC-16 earth terminals developed for IDCSP are -
deployed at rodes, They are transportable units with {0-foot~diameter antennas. ~-
They are intended for use primarily as DCS trunk terminals. The highly trans- .

portable AN/TSC-54 terminals are used for extension of the DCS into contingency

areas, for tributary-type links to outlying activities, and as Navy shore stations. -
Local conditions dictate the type of transmission facility used as an intercon- p )
nect link, A descriptive summary of these and other carth terminals is pre- -

sented in Appendix B (Table B-1),

The launch and deployment subsystem includes: the Titan IIIC launch h ::
vehicles, satellite dispensers, and facilities to implement and support the ‘ 7
launch operations, satellite injection into orbit, the ensuing telemetry readout,
and tracking and ephemeris determinations. Launch phase technical support
was provided by the Air Force Satellite Control Facility (SCT). Since the
completion of the launches, the SCF has provided orbital tracking data and : E,
telemetry monitoring to determine satellite condition. This Inlormation is N
forwarded to the Satellite Communication Control Feeility (SCCF) at DCA

Headquarters to be used in system control,

For the space subsystem 26 satellites were launched into near equatorial
orbits at a near synchronous altitude of approximately 20, 600 miles in the four

launches, Table A~1 in Appendix A summarizes data relating to launches, . ;
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Fifteen of these satellites were =ti]l operational as of December 1971, The
satellites, viewed from the earth, Jrift from west to east at about 30° of
longitude per day. A single satellite stays within view of u particular earth
terminal about 4-1/2 days. A varying distribution of satcllites encircling the
carth cxists, since each satollite was released from the dispenser ata

slightly different orbital velocity. The differcential velocities are chosen in

such a way as to provide a quasiru.wom distribution of the satellites. Oviginally
designed for a mearn time to failurc (MTTTF) of 1,5 years (with a goal of 3 years),
the satellites have exceeded the goal and have an MTTF now of over 5 years.
The satellite transmitters are schoduled to turn oif autamatically about 6 vears

from date of launch,

The A>u'rp0';e of the control subsystem is to achieve an orderly allocation
of system asscts among various users in accordance with validated user
requirements. The basic elements of the control subsystem are the Satellite
Communications Control Facility (SCCF), the Area Communications Control
Function (ACCY'), and the Earth Station Control Function (ESCF). The SCCF
is the faral point of the control subsystem, collocated with the DCA Operations
Center (DCAOQC) in Arlington, Virginia, The primary mission of the SCCF is
prenaration and distribution of lung-term (for 60 days, prepared every 30 days),
short-term (up to 30- .y duration), and emergency satellite/terminal schedules

in accordance with validated user requirements,

To a large extent the circuits provided by taé IDCSP appear similar to
conventional trunks, Careful engincering of the carth station and DDCS station
interface make it possiblc to replace a standard common user channel with a
satellite link involving a minimum of special consideration and realignment of
nquipment on the part of the user or operator. However, certain system char-
acteristics of the satellite channel can introduce peculiar problems. These

are propagation delay, handover, and Doppler shift. One way propagation

D S L Lt Y C S I A T
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delay ranges from about 200 t¢ 260 milliscconds, Experience has shown that

this amount of delay is not bothersome on typical voice clrcuits and has little '

=

cffect on the quality of data transmission, The occurrence of outage because
- of handovers (the transfer from one satellite to another) is normatly prediciable
) in advance, and with proper scheduling and coordinatinn its effects can be mini-

mized, The handover time design objective is 2 minutes. The maximum Dop-

can

pler shift, 0,21 ppm, occurs when the satellite is rising or setting with respect

to a given earth terminal, In general, these shifts are smail cnough that they

RS

have no noticeable effects on data transmitted via IDCSP,

To establish communications between two terminals it s necessary for a
satellite to be mutually visible to the terminals, SCCF {s able to provide
satellite scheduling data for all links for a 60-day intervat, Satellite visibility
prediction based on probabilistic analysis for various links is shown in Figurce
=2 as a function of the total number of orbiting sawellites, For Huwail and the ,
Republic of Vicetnam (RVN) the satellite visibility prediction is shown for at . -

least one link and at least two simultaneous links, Two satellites and four

L

carth terminals would be required when the channel requirements exceed the )
capability of one satellite, Thus, with a system composed of 15 sctellites,

the probability of at least ol.e satellite's being visible for the Hawaii-RV'N link

is 89 percent and a sccond satellite for a second simultaneous link is 4 per-
cent, Since there is no orbital control to permit repositioning of the satellites,
random gaps can occur for the orbital plane. In addition, satellites may become

temporarily unusable because of conjui cticn~ with other satellites (resulting :

i PR T

in multipath) or with the sun or moon (resulting in an increase in system nojse |
temperaturej, Also, since the satellites have no bateries, they do not operute :

during cclipse (while in the earth's shudow), :
¢.3 MODULATION CHARACTERISTICS i

Four forms of modulation ure used in Phasc I, including frequency division N

multiplex-frequency modulation (FDM-FNM), spread spectrum (88), ditferential :

C-6
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phase shift keying (DPSK), and multiple frequency shift keying (MFSK), All .
earth terminals use FDM-FM and SS, The AN/TSC-54 terminals also use o
DPSK and the four AN/MSC-40 terminals are capable of operating with MFSK,

Spread specirum modulation can provide antijam protection for the system,

The FDM baseband consists of nominal 4~kHz channels, ov frequency-
shift-keyed (FsSK) telegraph channels, or a combination of both, The AN/FSC-
9 and AN/MSC-i6 terminals were modified to accommaodate up to 12 voice
channels. The earth terminal equipment is also capable of accepting up to five
incdividual TTY channels and frequency shift-keying them into one of the voice
channels, This latter capability is not used for normal DCS service, It is
usuclly more efficient to multiplex the TT Y channcls at a DCS facility. The
capability could be used, however, for direct access . user to the satel-

lite link terminal if necessary.

The baseband configuration of the AN/TSC-54 terminal is compatible
with the baseband of the larger terminals; thus, interoperability in the FDM- "
I'M mode is assured., The AN/TSC-54 has no voice frequency multiplex equip-
ment, but is equipped witii voice frequency telegraph keyers and converters

and can provide one voice frequency channel and two out-of-band TTY channels,

Ceriain AN/TSC-54 link terminals are capable of differentially biphase
modulating the carrier with serial binary data streams up to 2400 Lps with a
design objective of 50 kbps., A teletype time division multiplex (TDM) unit
accepts up to sixteen 75-bps teletype inputs and converts them into a binary

stream suitable for DPSK modulation,
C.4 SPACECRAYT

Tar: JDCSP satellites are spin-stabilized to maintain the spin axis within
=3° of normazl to the earth's equatorial plane, The repcaters are double~
frequency conversion, turd-limiter repeaters. They are not cquipped with

batteries and have a transmitted ETRP of 7 dBW minimum. The repeater is

dizenssed in detail in Appendix A,
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5. Compatible with MSC-46 earth terminals and IDCSP satellites
6. Provision for adaptive error control with full duplex operation.

For the purpose of the computer test a triple error correcting (four-
error detecting) code was used to correct errors over the satellite link, This
did not, however, provide for error correction over the ICF. To accommodate
the typical format of computer tapes, which consists of randomly positioned
data with gaps to separate the duta and variations in tape speed, several features
had t~ be incorporated into the enuipment. These features consisted of buffer
storage, gap recognition and gencration circuitry, and generation of filler data

to maintain synchronization when gaps occur in the tape format,
C.6 DCS INTERTACE

The satellite communication terminals are connected to DCS through an

Interconnect Facility (ICF) and a Technical Control Facility (TCF).

The interconnect facility consists of two groups of terminating equipment
and an interconnect link, The transmission medium may be LOS microwave,
tropospheric scatter, cable, or other, as appropriate. Local conditions dictate

what type will be used as an interconnect link,
Most ICT links are paired cables as only voice circuits are necessary,
C.7 LINK CONFIGURATION

The terminals of the IDCSP are arranged to provide a point-to-point
communications circuit, Typical link and terminal types are shown in

Figure C-4.
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APPENDIX D - PHASE II

D.1 PROGRAM DESCRIPTION

In June 1968, the Department of Defense announced its decision to acquire
six new satellites and additional earth terminals as the second phase of the
Defense Satellite Communications System (DSCS). The first phase (IDCSP) had
successfully completed its research and development objectives and since late

1967 had been providing a limited operational capability.

The objective of Phase II of DSCS is to establish an operational military
satellite communications system which will provide substantial increases in
capitcity and performance, together with a wider variety of services for users,
The Phase II DSCS will be a part of the Defense Communications System DCS)
and will function both as a long-haul strategic trunking system and as a system
capable of supporting military contingency operations, In addition, the system

will be capable of supporting service to small tactical users, if needed.

The Titan TII-C booster is the vehicle intended for launching the catel-
lites into synchronous orbit, Phase Il will be operatioral starting in CY 197z,
Additional launches will be made on an as-required basis for replenishment and
to establish additional in-orbit operational satellites, A detailed presentation

of Phase II spacecraft characteristics is presented in Appendix A.

The earth terminals currently being used with Phase I (see Appendix
B) will be modiiied and upgraded for cperational use with the Phase Il DSCS.
In addition, a limited quantity of new terminals will be procured and deployed

to fulfill the operational requirements,

The system will be implemented in three distinct periods, each nroviding
different communications capabilities, In the first period stage la, Phase II

systems will operate in the frequency division multiple access (FDMA) and

D-1

K




et

spread-spectrum multiple-access (SSMA) modes and will provide a point-to-

point operational capability after completing essential on-orbit satellite tests

S

on the satellites launched in Noveinber 1971. However, unlike Phase [ opera-
tions, many links will be handled simultaneously by each Phase II satellite,
In stage 1b the Phase 1l system will operate in the FDMA mode to provide a

multipoint network satellite communications capability and the SSMA moade to

provide point-to-point protected (i.e., jam resistant) communications for vital
traffic. New FM and PSK modems and FDM multiplexers will be purchased

F : to provide the capacity required to fulfill the Stage 1b requirement. The PSK
modems will replace MFSK modems for widc-band data and secure voice
services. A number of earth terminals will provide a multiple carrier trans-
mission/reception capability, These terminals will be deployed to locations

(defined as nodal locations) to satisfy specific DSCS requirements.

stage 1c will begin when new developmental digital equipment ( PCM, TDM,
PSK and later, coding equipment) is introduced into the system and the con-
version from an analog to a digital system begins, still using FDMA to the
satellite, The introduction of digital operation will result in increased system
capacity through a more efficient combination of different types of traffic (voice,
TTY, secure voice, data, and wide-band data) than is possible in an analog
system, and through the use of coding which allows more efficient use of satel-
lite effective isotropically radiated power ‘EIRP), As the time division multiplex
(TDAM) ana pulse code modulation (PCM) equipment becomes available, the
system will phase from an almost all-analog system to a hybrid (part analog,

part digital), and finally into an all -digital system. During this state the new HT

and/or MT terminals may become available and will be integrated into the system.

It should also be noted that this stage will provide digital experience
which will be very useful when TDMA is introduced into the DSCS, Protected

traffic will continue to be provided using spread-spectrum equipment,
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designed to meet the Phase II system requirements. A full complement of

VR

modified Phase I and newly procured terminals will be available for use during

I However, the SSMA modems employed will be of an advanced model specifically
i
this stage.

D.2 EQUIPMENT ASPECTS

-- The earth terminals to be employed in the Phase 1I DSCS include modified
n- Phase I DC-" terminals and new terminals presently under development. The
-~ characteristics of the Phase I earth terminals were presented in Appendix B. : =
Modifications and additions being made to these terminals are presented in

Table D-1 and are discussed in the following paragraphs.

D.2,1 Requirements for Stage 1a

D.2.1.1 Earth Terminals

The initial modification of all Phase I earth terminals will consist of
providing the capability for transmission and reception of both FM and SS
carriers on new frequency assignments compatible with the Phase II frequency-

. plan, The Phase Il frequency capability was obtained by procuring new crystals

chosen in accordance with the frequency plan,

To provide a system multiple~access capability in which the carriers do
not interfcre with each other, it is necessary for each terminal to be able to
monitor and control its own transmit signal power level. A transmit carrier
power monitor will be provided for each of the Phase I earth terminals to per-

form the monitoring function. In addition to this modification, all of the AN/

MSC-16 tracking receivers will be modified to track the biphase modulated
beacon siznal, Four AN/MSC-46 terminals will be modified to demodulate and

4
E|
3
1

.. provide alphanumeric readout of the beacon data (tetemetry) for satellite con-
trol. Two of the four terminals will be instrumented with manual and automatic

spectrum analyzers capable of monitoring the satellite downlink frequencies at

a monitoring /nodal earth terminal,
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The Phase I AN/TSC-64 terminals ave equipped with onfy one voice
channel. Equipping two of these terminals with additional FM modems and
FDM multiplex to provide a limited contingency capability during Stage 1a
began prior to the first satellite launch, These mudified terminals will be
self-contained in that they will be proviaed with FM modems, FDM multiplex,
and ancillary equipment to handle up to 12 voice channels, However, the FM
modems will be capable of modulating an RF carrier with up to 72 voice
channels of which 60 must be delivered to the terminal in 2 buscbund form from
a technical control facility (TCF), This additional 60-channel capability can be
used to provide high-priority DCS restoral. The remaining 11 AN /T3C-54s will
be modified for this contingency capability as soon as possible and can be comple-
ted early in Stage 1b,

All of the AN/TSC-54 terminals will be equipped with new uncooled
paramps capable of receiving within a 500-MHz bandwidth, These paramps will
be modified versions of the paramps used in the AN/TSC-54 terminals in Phase
I. As an interim modification until cooled 500-MHz paramps are developed,
four AN/MSC-46 terminals_.' including one for control purposes for each satel-
lite, will be 2quipped with the same type of uncooled wide-band (500 MHz)
paramp as the AN/TSC-54s.

D.2.1.2 Interconnect Facility Modifications

Except for new sites and AN/TSC-54 contingency terminal locations,
most of the existing Phase I interconnect facilities will be adequate for Stage la
operation, This is beacuse the Phase I interconnect facilities (ICFs) are generally
100-pair cables or AN/FRC-109 LOS radio equipment, Locations where
existing ICFs will have to be augmented to support new or special user require-
ments will be treated on a case-by-case basis, New or modified ICFs re~

quired for new wide-band digital requirements will be designed and engincered

t
on an as-necded basis,
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All new ICFs (ICFs not existing at Phase [{ satellite launch) will require
complete evaluation of the interconnection requirements, This evaluation will

consider the feasibility of providing an ICF capable of operating in all stages of
Phase II, '

D.2.1,3 Technical Control Facility Modifications

Since Stage 1a will be an analog transmission facility providing a rcla-
tively small number of voice channels, only minor equipment additions will be
required in the technical control facilities. These additions will consist of
channel and multiplex equipment at the TCFs and channel and multiplex equip- -

ment as terminals that have not been uprraded to 12 channels,

D.2.2 Requirements for Stage 1b

D.2.2,1 Earth Terminals

Seven of the AN/MSC-46 and both of the AN/FSC-9 terminals will
rceceive additional up and down converters to p-ovide a multiple carrier capa-
bility for operation in Stage 1b as nodal terminals, Both the up converter and
the down converiers will interface with the modulation equipment at 70 MHz,

This modification will allow the terminals to handle the following number of

signals:
Transmit
FM/FDMA - Up to three uplink RF carriers
SSMA - Up to seven SS carriers using a common RF frequency
Receive

FM/FDMA - Up to seven downlink RF carriers

SSMA - Up to seven SS carriers using a common RF [requency
Beacon - One signal on its own RF carrier frequency
D-7
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Each nodal terminal will be equipped according to the number of carriers re-

quired at its location. These nodal terminels will aiso be mcdified with cooled
paramps which will provide a receive capability over the .ull 500-MHz receive

frequency band,

The remaining Phase I terminals not slated fox nodal service and which

wubth iy um\L\.LM‘“;\‘ e

were not modified in Stage 1a will b2 modified to rovide a paramp instantancous
bandwiidth of 150 MHz, 3pectrum analyzers and CNR meters, These modifi-

cations are required to provide the monitoring capability discussed previously,

New FM modems wiil be provided for all Stage 1b nodal terminals and
all AN/TSC-54 terminals., These modems will be capable of providing 3, ¢,
or 9 4~-kHz analog circuits at a lower quality (e.g., TTNR == 33 dB) or 3, 6, 9,
12, 24, 36, 48, 60, or 72 DCS quality (e.g., TTNR = 14 d2) i~kHz analog

circuits. Up to three modulators and up to seven demodulators will be installed

S I R v B e il s g

at nodal terminals to provide service for the number of transmit and receive

carriers required, A single modem will be installed in non-nodal teriainals,

During Stage 1b, PSK modems will be useu’to provide the wide-band data
service und the secure voice transmissions, These modems will be capable

of operating at a number of data rates from 19,2 kbps to 1,8 Mbps.,

To provide flexibility in the choice of transmit and receiver carrier fre-
quencies, a new frequency selection subsystem will be provided in all seven
modified nodal Phasec Iterminals, The local oscillator signals for up and down
converters will be derived from frequency synthesizers which will use an
atomic standard as a reference frequency sourer, These synthesizers will
provide the proper frequency increments to change transmit and recei-e fre-

cuencies in 1-kllz steps over the entire satellite transmit ans receive bands,
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D.2.2,2 Interconnect Facility Modifications

It i.. anticipated that no moedifications of the non-nodal terminal ICFs
will be required for Stage 1b. In the case of new terminal locations where
IC¥s will b= required, an evaluation of the interconnect requirements will be
made and consideration will be given to proviuding ICFs capable of operating
in the digital Stage lc as well as in Stage 1b. Modifications to ICFs to be used
with nodal terminals will be made prior to Stage 1b to ensure meeting the oper-

ational requirements at these earth terminal locations.
D, 2.2.3 Technical Control Facility Modifications

The TCFs serving nodal locations in Stage 1b will require addi:ional
equipment to process up to 60 analog channels. The impact on other non-nodal

TCFs will depend on the satellite's traffic requirements to these locations in

Stage 1b.
D.2.2.4 New Terminal Developments

A contract was awarded in June 1970 for the design, develepment ond
testing of one prototype AN/MSC~60 (HT) and one prototype AN/MSC-61 (MT)
terminal. Final acceptance testing of the two prototype terminals should be

completed by 1id-1973 (Stage 1b). Major characteristics of the terminals are

given in Appendix B.

D.2.3 Requirements for Stage 1lc¢

D.2,3.1 Earth Terminals

Stage 1c will require no modifications to the earth te ~minals bevond those
made in Stages 1la and 1b, However, new digital cominunication subsystems

housing all new digital equipment will be defined and gpecified prior to Stage lc.

D-9
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D.2.3.2 " Interconnect Facilitv Madifications

Depending on the traffic requirements in Stage lc, the existing LOS ICFs

may be capable of sati:ifying requirements for Stage ic. However, 100-~pair ws

~cable ICFs may have to be replaced by either wide~band cable or a LOS ICF, .-

Where the ICF must be replaced, the new ICF will be designed to provide a ae

growth capability to meet expanding traffic requirements in later stages, hd
D.2.3.3 Technical Control Facility Modifications

With the introduction of an all-digital service in Stage 1c, PCM equip-
rmrent that will convert the 4-kHz analog voice signals to G64-Kbps digital voice
signals will have to be installed i the TCFs, and the I'DM equipment rcplaced -

with TDM equipment.

D.3 DESCRIPTION OF PHASE lI STAGES

D.3.1 Stage la

The beginning of Stage 1a will occur when the first Phase II satellite is made
available for operations (mid-1972), Phase I terminals are modified as defined

previously, thus allowing them to operate through the Phase II satellites.

In Stage la the terminals will operate on a 'point-to-point" link arrange-
ment as they presently do in the Phase I, however, several links will be - .
handled simultaneously in one satellite, A typical link configuration is shown
in Figure D- 1., The traffic on these links will range from one analog voice
channel and a link orderwire on an AN/TSC~54 to AN /TSC-51 link, to 12 analog
voice channels and a link orderwire on an AN/MSC-46 to AN MSC-46 link,
Wide-band digital traffic will be carried, These digital links will be time-
shared with FM voice circuits, The equipment (i,e., FM modems, multiplex, etc.)
presently in use in Phase [ will be used to provide this capability. In order to
sa'is{y some special user requirements, selected terminals mayv have special
modifications performed to provide them with a multiple-link operational capa-

hility,

—
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Normal unprotected (against an electronic jammer) analog DCS/DSCS
traffic will be carried using frequency division multiplex, frequency modula-
tion and frequency division multiple access (e.g., FDM/FM/FDMA). This
traffic will consist of basic 4-kHz circuits which can be used to support either
voice, teletype or narrow-band digital traffic (such as 2400-bps data and secure
voice), or appropriate combinations of each, Using MF3K and FDMA, a limited
amount of wide~band data and wide-band secure voice will be provided between

selected locations in Stage 1a.

Protected traffic (i.e., antijam) will be provided during this stage on a
terminal-to-terminal basis using existing AN/URC-55 and AN/URC-61 spread-
spectrum equipment. This equipment will operate using pseudonoise phase
shift-keyed modulation and spread spectrum multiple access ‘e.g., PN/P3K’

SSMA). These links will be dedicated between selected users and will pass

essential core traffic only, The protzcted traffic on these lines will be commensu~

rate with the capabilities of the present AN/URC-55 and AN/URC-61 equipments,

Control of the system during Stage 1a will be on a nonreal~time basis
with system coordination and discipline maintained using the TCFs, The
satellite will he operated in a linear mode, sufficient margin will be provided,
and the capacities will be conservative so that a more extensive FDMA c¢rrnivrol

system will not be required.

The AN/TSC-54 terminals will be capable of supporting a gateway (or
interarca) type contingency with the existing equipment and modifications -
previously defined. This same terminal could support a limited connectivity
intra-area contingency, but will not have the FM modem or the multiple
carrier equipment tc transmit more than 60 channels in support of a full intra-
area type contingency. Operation of contingency terminals during Stage 1a will
he via the satellite's narrow beam to nurrow beam satellite communications

channei,
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D.3.1.1 System Control

Satellite control includes those functions involved with the tracking and

.
EA

. acquiring telemetry from the satellite, analyzing satellite condition, and sending

: . commands to the satellite to effect the desired control, These functions will be 7
. implemented through the Air Force Satellite Control Facility (SCF), as i
. required and directed by the NCS/DCAOC to support operational requiremernts.

A dedicated terrestrial teletype orderwire will be provided between the
DCAOQC and the SCF. The primary purpose of the orderwire is to provide a
means of coordination betweea the SCF and DCAOC and to relay decisions made
by the DCAQC related to satellite commund and control. This circuit will also
be used between the SCF and each of the SATCONM controllers (via the DCAQCQ) i
to pass information regarding the condition of the satellites and to cccrdinate

operational plans regarding reconfiguration of the satellites' operational modes

i, €., transponder gain setting, etc.).

The purpose of satellite communications (SATCOM) control is to assure
proper power sharing of the satellite transponder among all the earth terminals

using it. This control function wiil be the responsibility of the A Operations

et

Control Center (DOCC(C),

et

In Stage 1a, the SATCOM coutroller will do the following:

® Monitor the transmissions from the satellite transponder to deter-

mine the staius of the satellite and the earth terminals

al

accessing it

il U

e Assemble and maintain an up-to-date overview of the total operation

.. through the satellite

LW Wl

@& Analyze anomalies which may arise to determine their source /satel-

TR R TN (| FUSNTRTER

lite, earth terminal, jammer or unauthorized user, or envirommental

S—

conditions)
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® Decide what corrective actions are required to correct anomalies

¢ Direct and/or coordinate the earth terminals as necessary to achieve

desired results

® Rcport system status, problems encountered, and actions taken to

other levels of authority within the DOCC.

All of these functions except monitoring will be assigned to a SATCOM
controller ione for each satellite) who will be located at an area communication
operations center (ACOC). The monitoring function will be assigned to specific

earth terminals, one terminal for each satellite,

In addition to the functions identified above, each earth terminal access-
ing the satellite will monitor its own performance (uplink carrier frequency and
power level) and will report this information to the SATCOM controller using
terrestrial orderwires established within DOCC, System discipline will be

maintained by standard vperating procedures that are being developed.

Link orderwires will be established via the satellite to allow problems
occurring on a link to be identified without involving the SATCOM controller.
However, all adjustments to link parameters must require SATCOM controller
authorization since variations on a single link influence all links accessing a
particular satellite. These link orderwires will be injected into the low end of

the FM baseband.

D.3.2 Stage 1b

Stage 1b will begin with the implementation of a multiple carrier capa-
bility in the modified AN/MSC-46 and AN/F3C-9 earth terminals. These nodal
terminals will transmit up to three separate carrier frequencies. Each of
these transmitted carriers will contain varying aniounts of traffic, ranging

irom a baseband multiplexed group (12 channels) to four baseband multiplexed

,‘m\]‘
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groups (48 channels). Non-nodal earth terminals receiving one of the nodal
transmissions will then demodulate the carrier and demultiplex the traffic

destined for its location, usually as a 12-channel group. Transmissions from

booi  omel Bl

non-nodal to nodal earth terminals will complete the duplex circuits, Present

earth terminal deployment plans indicate that nodal terminals may be required

8-y

to receive from up to seven different non-nodal earth terminals,

.- The multipoint network (Figure D-2) operation in Stage 1b will result in.

. an overall increase in operational capability. Both the quantity and quality of

;, voice channels will increase during this time, since the satellite link connec-
tivity will increase and most equipment modifications will be completed and

.. new baseband equipments will have been procured, Traffi. vn each of these
multiple links will range from 12 voice channels plus a link orderwire on the
AN/MSC-46 to AN/MSC-46 links to three voice channels and a link orderwire
on the AN/MSC-46 to AN/TSC-54 links. In addition, selected links will be used

. to provide digital traffic in support of wide-band data and secure voice require-
ments, When the wide-band traffic is not being transmitted over these links,

provision will be made to carry analog traffic instead.

All unprotected analog traffic will continue to be transmitted in Stage 1b
as in Stage 1a, that is FDM/FM/FDMA. However, new FM modems will be in
use during this period, allowing the quality of the analog circuits to be improved.

Protected traffic will be provided on a terminal -to-terminal basis using
existing AN/URC-55 and AN/URC-61 spread-spectrum equipment, As in Stage
la, dedicated links will be provided between selected users and will pass low
data ratc hard-core traffic only. It will be necessary to locate multiple spread-
spectrum equipment at a node if more than one protected link is to be estabiished
. between the node and other terminals, The capacity on these links will be

commensurate with the capabilities of the present AN/URC-55 and AN/URC-(1

equipment and the allocated satellite power split with the analog traffic,
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New PSK modulation equipment will be used in Stage 1b to support the
wide-band digital and imagery traffic requirements in a PSK/FDMA mode of

operation, This new PSK modulation equipmont will allow a n re efficient use

.of the satellite's RF bandwidth than do the present MFSK modems.,

Because of the dependence of multiple links on a single nodal terminal,
it is essential that the nodal terminals huve a higher degree of reliability than
presently exists, Therefore, reliability modifications will be made to all
Phase I terminals to increase their rcliability for operaticn in Stage 1b. Con-
sideration has alsc been given to deploying redundant terminals at nodal loca-

tions to improve the overall terminal availability at these locations.

During 1972 prototype models of the AN/MSC-60 (HT) and AN/MSC-61 (MT)
will be delivered, ‘[2st results taken from these terminals will form the basis
far decisions on the procurement of additional terminals that would be available

for Stage 1c,
D.3.2.1 Sys.em Co:trol

Control of the DSCS in Stage 1b will still be on a self-discipline basis.
The satellite will operate in a linear mode, sufficient margin will be provided
and the capacities will be conservative so that a more extensive control system
will not be required. A limited multipoint network control will be poussible during
this period since a major nodal terminal in each satellite is in communication
with and has a link orderwire with almost all other terminals accessing the
satellite, In this situation the TM baseband orderwire, which will be established
below 12 kHz in the basebhand, will he used for traffic to be transmitted to and
from the major nodal terminal to each of the nodal terminals in the multipoint
network (i.e., for example the Kwajalein - CONUS West link), These
terminals would have to be controlled in a manner similar to that used in Stage

lit,
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D.3.3 Stage 1c

Stage 1lc begins with the introduction of the PCM, TDM and PSK modulation
equipment on the first Phase II satellite communication link, Since this new
digital equipment will be phased into the Phase Il DSCS over an extended period
of time, the initial period of Stage 1¢ will be a hybrid operation; f.e., a mixture
of analog and digital operation on separate RF carriers, The extent of this

period will depend on the availability of the equipment and the necessary procure-

ment funds,

Stage lc operation may also see the introduction of production AN/MSC-60
and AN/MSC-61 earth terminals, A number of these earth terminals may be
procured and deployed to nodal terminal locations on a priority basis, The
higher inherent availability of these earth terminals, together with their higher
performance capability (e,g., larger G /T) will be reflected in an increase in
the overall performance of the Phase II DSCS. The displaced nodal AN/MSC-46

terminals could be relocated to new nodal locations based on the current DCS/

DSCS requirements.

To improve the efficiency of the digital transmissions in Stage 1c,
error correction coding equipment will be procured. This coding equipment
will allow the transmission of digital data using smaller amounts of satellite

power, thus allowing larger amounts cf digital communications to be processed
through the Phase II satellites,

Unprotected traffic will be transmitted in Stage 1c using either analog
FM or digital PSK transmissions, depending on the nature of the requirements
and the availability of the digital equipment. As more digital equipment is

procured and deployed in the DSCS, Stage 1c will evolve over a period of time

D-18
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into an all -digital communications system (Stage 2) satisfying all DCS/DSCS
traffic requirements using PCM and TDM/PSK

To decrease the cost and complexity of the TDM baseband configurations,
traffic to be transmitted to specific terminals will be multiplexed separately
at baseband and transmitted on separate RF carriers, The receiving terminals
to which these RF carriex;,s/are transmitted will receive, demodulate and de-
multiplex all of the traffic on their specified carrier for their own use, Thus
multiple duplex satellite communication links will be established between earth
terminals in Stage 1c. The majority of these duplex links will originate and
terminate at nodal terminal locations as in Stage 1b, In gddition to this type
of satellite link operation, some satellite links will continue with a multiplexed
baseband RF broadcast type of operation, This type of operation is more
cost-effective for small amounts of user traffic, A final determination of the
satellite communication link configurction in cach satellite will have to be
made on a link-by-link basis when the traffic/user requirements for this period
have been validated. Figure D-3 illustrates a typical baseband to RF carrier

functional operation which will occur at multiple carrier earth terminals,

This type of operation will require more RF carriers to access each of

Phase II satellites than were required in Stage lb. For this reason, it is

anticipated that the full 125-MHz earth coverage to earth coverage frequency band

will be used during Stage 1c,

Protected traffic will be provided in the early period of Stage 1c as it was
in Stage 1b by using the AN/URC-55 and 61 spread-spectrum equipment, How-
ever, later in Stage 1c the new AN/USC-28 spread-spectrum equipment should
be available and will be deployed in all DCS/DSCS earth terminal locations, In
addition to increased antijam protection, the AN/USC~28 will provide the oper-

ational capability to establish a protected network orderwire. This network
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; ' orderwire will not only provide the capability of a real-time SATCOM control,

g; i but will provide a systemwide timing capability imperative to a TDMA operation,

E v which is presently planred as a follow-on to Stage lc,

j- Contingency operations will continue to be handled in Stage 1c as they .

O

were in Stage 1b by using the AN/TSC-54 terminals and operating via ithe satel-

:, lite's narrow beam to narrow beam or cross-strap channels.
- !i
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APPENDIX E - FUTURE TRENDS

=

E.1 INTRODUCTION

This appendix gives an overview of future trends in space and carth 3ub-

systems that will affect development and progress in the satellite communications
field.

~ E.2 SPACE SUBSYSTEM TRENDS
E. 2.1 General

In the relatively short time that satellite communications have been avail-

able in either an R&D or operational status, great progress has been made.

As discussed in the basic report and in Appendix A, there has been an

~- evolution from a simple passive reflector of 1960 to the DSCS Phase Il and
Inteisat IV with their wide-band multimode active repeaters of today. Progress

- will not halt at this point. There are continually expanding requirements for
more and more high-speed w’ ie-band global circuits. This means relaying more
traffic through satellites with increased capability and reliability. Thus more
powerful and versatile satellites are desired, which may require increased loads
for the launch vehicle and greater demands on the finite orbit and usable frequency

spectrum.

E. 2. 2 Satellite Position

- The developments to date have shown the advantages of using geostationary
. orbits for communications satellites. However, the present satellites arc not

complrtely stationary with respect to the earth. The DSCS satellile makes a

.3

figure eight pattern, going as far as 3° north and south of the equator. Hence

!
i
3
|
£
3
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3
3
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g

many of the earth terminals using the satellite are cquipped with . tly automatic

—

trackir 3 devices. This requirement can be eliminated by stationkeeping that

maintains the satellite within limits so that tracking will not be required once the
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antenna is properly oriented. Maintaining a geostationary position will probably

require more fuel foi executing statlonkeeping commands.

E. 2.3 Higher Frequency Bands

T-day's commercial communications satellites use the 4~ to 6-GHz band
and the milltary uses the 7- to 8-GHz band for global communications. These
bands, like the lower frequency UHF band, are becoming crowded from both a
satellite and terrestrial viewpoint, The trend for satellites as well as fur other
means of communications will be toward higher freauencies. Action is already
underway in the 11- to 15-GHz and 30- to 35-GHz regions. These higher
frequencies open new arcas and provide rr2ater bandwidths for high data rate
links, but they also introduce problems. The 1~ to 10-GHz region is favor:d
because of its low propagation loss as a resut. of rain and water absorption.
These two losses become very serious above 10 GHz. Additicnally, the capability
to generate adequate power at the higher frequencies requires new development,
These frequencies do perinit smaller and more directional antennas with a

resnltant increase in antema gain. This is partially counteracted by tl

accompanying increase in frce space loss,

E.2.4 RF Amplifiers

The movement to higher frequencies is always limited by the state-of-the-
art in the manufacturing of RF power amplifiers. To produce the required output
power in the GHz~-range transistors, klystrons and traveling-wave tubes (TWTs)
are used. The transistors are normally considcred morz r:liable than a tube,
However, above 2 GHz the transistors tend to become inefficient and the TWT or
klyatron takes over. At present an outpui of 20 watts with an efficiency of 40
percent is practical at the 7- to 8~-GHz region using a TWT. R&D effort will be
required to prov.de this capability above 10 GHz. Such effort is in the initial
stages at this time,
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E. 2.5 Prinme Power

The increased demand for satellite circuits can be met by a larger
transponder capability. A prime factor in providing this is having adequate,
reliable power on board. Progress has been made in this area by improvements
in the solar arrays to meet the increasing loads and by bLetter batieries to store
energy and provide it to the system when the sun is not providing the renuired
energy to the solar arrays, such as during eclipses. [be cilicon solar cell
appears to be a source that will be used for direct conversion, althongh nuclear
power supplies have been under development. Present F'ltellile”d(‘ power supplies

can produce about 2 kW, which should increase to about 5 kW within the next

decade,

.2.6 Antennas

Today's satellites have reeched the stage of having both earth coverage
antennas for global communications und narrow-beam or spot antennas to serve
requirements concentrated in regional areas. The efficiency of such antennas
obviously depends upon a well-positioned satellite providing a stable plattorm.
Today's technical ability can provide such a setting for the satellite antennas,
Among the mast promising improvements expected in the antenna field is the
development of multibeam antennas with RF switching arrangements that will

pernit rapid reconfiguring of the network by control {from the earth in accordance

with varying traffic loads.

E. 2.7 Satellite-to=-Satellitc Links

To have a truly global capability it woul-! be desirable to have links
available directly from satellite to satellite fer interconnecting points that do
not have one common satellite for a relay. Such studies have been under way and
evperiments are planned using optical frequency devices, It is realistic tu expect

that such a capability will exist and be operational within the next 10 years.
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E. 2.8 Improved Capacity

To ineet the challenge of the growing requirements, satellites have
increased In power and bandwidth, Additionally, the recent models such as
Intelsat IV have taken advantage of the design feature of using separate trans-
ponders to mect the varied requirements, such as TV, voice circuits, demand
assignment networks, etc. This channelization separates the different modes
of oneration, thus greatly reducing intermodulations. Future satellites will

undoubtedly be configured to continue this trend.

The gain in transmission capacity of satellites and their associated ground

systems is evidenced by the increase in traffic carrying capability from 240
half duplex circuits for Intelsat I in 1965 to 6000 for Intelsat IV in 1971.

E.3 EARTH SUBSYSTEM TRENDS

£.3.1 General

Like the space subsystem, the earth subsystem has experienc :d improve-
ments during these initial years of operational space communicatior. 3 ag lar~er
more reliable terminals have been developed. These improvement: wil:

rontinue, with emphasis on the areas discuss2d below,

E. 3.2 Receive System G/T

The capability of the receive system to perform can be measured by its
figure of merit (G/T), the ratio of the receive antenna gain to the system noise
temperature, This figure of merit depends on several parameters in areas

subject to further research and development,

1. Antenna - The design for large fixed-plant antennas is not expected
to change radically. The size 1s limited by cost, with pointing
accuracy and smoothness of the antenna surface being major factors
for large antennas. Limited progress is being made in increasing

the nominal 54 percent efficiency of large parabolic antennas,

E-4



However, for other DOD uses such as aboard aircraft there
should be notable improvement. Blade and phased-array
antennas are research areas that should improve the gain

of the airborne antenna,

Low=-Noise Receivers = The currently available DSCS terminals
have a receive noise temperature in the 200 to 300 K” range.
This figure undoubtedly will be reduced to about the 50°K ra.ge
by 1980 for the 1~ to 10-GHz band, However, the primary
areas of concern will he obtaining equally low receive system

temperatures at the frequencies above 10-GHz.

An additional area that will see improvement is the obtaining
of simpler, quieter, low-noise amplifiers for mobile or tactical

users,

RF Modulation and Multiple-Access Techniques - The majority

of traffic today, as in the past, is analog, However, with the
advent of data processing, the computer, and other digital devices--
including encoders for secure voice circuits and wide-band data
units--the volume of digital traffic is growing at a far faster rate
than an:.log requirements. As indicated earlier, the DSCS will be
evolving from an analog system to a hybrid analog-digital systcm
and finally to an all-digital system. Much work and development
effort has already gone into developing baseband pulse code
modulation/time division multiplexing (PCM/TDM) equipment and
DOD is presently procuring such units, The PCM equipment will
sample and quantize analog signals and feed them to a TDM unit

to be multiplexed imo a composite serial stream for transrission.
The TDM output can be sent via satellite using either FIMA or

TDMA. This trend toward digital communications will accelcrate and

result in the majority of DCS trunking being handled on a digital basis,

E-5

e i am yrzzrms s fn = = ST ST S LIC T

-WHM

ittt

wdl

Ul 1l i

i ol Lt




= . T
- B o VS R

T
1

¥or the signals transmitted via satellite to remain digital, the

present DSCS RF modem (which is FM) will be replaced with a

e b b

phase-shift keying (PSK) modem. Such units are under devclop=-
ment for the DSCS. During the coming decade it is reasonable

to assume that such units.will gain in reliability, simplicity ond

in the capability to handle more and higher data rates. PSK offers
the advantage of permitting power, bandwidth and error rate

tradeoffs, thus adding to the flexibility in circuit and system design.

Although either FDMA or TDMA can be used to transmit the PSK

signal, the future will see a trend toward TDMA,  Such satellite

systems have already bcen tested and proven practical, Although

at this time TDMA is not a common mode operationally in either

the commercial world or DCS, its advantages are recognized and
plans and programs have been established to use TDMA when the

PCM, TDM and PSK units are operational and the TDMA synchronizing
and control systems are in procuction, This trend will result in

PSK/TDMA largely replacing FM/FDMA by 1980 for satellite

1
i
i
a
1
El
3
4
3

¢ transmission of nontactical traffic.

i Al

Other modulation/ multiple access techniques of particular intercst

to the military communicator arce SSMA and high peak power,/TDMA,

sl "t i

The SSMA field is just reaching the practical operational stages,

E thus growth 2nd improvements in data rate, jamming-to-signal ratio,

and bit error rate performance arc to be expected.

The basic idea behind the high peik power amplifier 1s to provide

g bl e L b, i S AL~

a very high level signal on the uplink to overpower jamming signals.

Peak power levels of 1 MW with avcrage power of 1 to 10 kW arc

it sl |

under consideration,

4. Demand Assignment Multiple Access - Just as switches concentrate

traffic and increase the utilization of interswitch trunks, demand

E-6




assignment techniques can improve the efficiency of the
utilization of the satellite traffic-carrying capability, This

is particularly true for low-duty cycle users. Demand assign-
ment is simply a system whereby a user requests use of

- ) satellite power, bandwidth and frequencies when required and
releases them for others to use immediately upon completion
of his call. Comsat has developed, tested and begun installing
such a system under the code name Spade., Nine terminals
should be operating in the network by the end of 1972, This is
a single carrier per circuit FDMA system. Additionally, Comsat
and several other organizations are developing and testing
demand assignment systems using TDMA, This very flexible
and efficient system should grow and be a normal part of

satellite communication networks within the next 5 to 10 years,

5. Coding - Another new and exciting technical dcvelopment of the

past 10 years has been the theoretical analysis of error correcting
techniques and codes. This new field is moving from the theoretical
toithe practical era and is providing 2 new tool for the system

engineer. Coding permiis tradeoffs among power, bandwidth, bit

T T T

error rate and information transmission rate. Analytical results

f

have shown the potential of various coding techniques., The
practical hardware is now entering the field to use the benefits

of coding. Further research and hardware development will

ik gl amb .t

result in improved performance in this emerging field.
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APPENDIX F - REFERENCE DATA

.1 INTRODUCTION

This appendix provides convenient reference charts and tables that are
of particular interest to the communications satellitc engineer., Particular :
attention should be paid to footnotes to ensure that this simplified intormation :
is used in consonance with the parameters to which it applies, rather than

being applied in all cases. For example, Table F-4 shows the percentage of

oy

power from the DSCS Phase II satellite earth coverage transponder required
to pass a particular data rate, Tha computed percentages were based on
specific parameters, including a satellite EIRP of 25 dBW, a required Eb,/NO
of 36 dB, and a downlink margin of 6 dB. If the given percentages were applied
to the Phase II satellite narrow-beam transponder, a correction of -12 dB

would be necessary because of the higher narrow-heam EIRP (37 dBW).
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Table F-1,

Decibel Conversion

dB Power Ratio
0 1,00
0.1 1.02
0.2 1.04
0.3 1.07
0.4 1.09
0.5 1.12
0.6 1,14
0.7 1.17
0.8 1.20
0.9 1,23
1.0 1.26
] 2.0 1.6
3.0 2.0
4.0 2.5
5.0 3.2
6.0 4.0
7.0 5.0
5.0 6.3
9.0 8.0
10.0 10,0
20,0 100, 00
30.0 1, 000,00
40,0 10. 000. 00
50.0 160, 000. 00
F-2
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Table F-2, Decibel Conversion in Powers of Ten

POWER RATIO dB  POWER RATIC -
107t 10
1072 20
107% 30
107 40
107° 50
107° 60
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Tahle F-3. Antenna Fact Sheet -
g é Type Antenna -- Parabolic reflector with 54 percent cfficiency (7)) -
Pl Receive Frequency -- 7.256 GHz =
k e
£ Transmit Frequency -- 7.9 GHz -~
Eoo G 4rA o -
E A2 -~
- 586 =
Gppe = 2010g f * 20 log D-52.6 = 24,6 +20 log D .
i
Iy _ = -a
GTRANS 25,3 t+201log D
, Diameter-Ft, 20 log D GTRANS GREC G/T (T = 316°K = 25 dB)
1 0 25.3 24,6 -0, 4
2 6.0 31.3 30,6 2.6
3 9.5 34,8 34,1 9.1
4 12,0 37.3 36.6 11.6
) 14,0 39.3 38.6 13.6
6 15.6 40,9 40.2 15.2
7 16.9 42,2 41.5 16.5
8 18,0 43.3 42.6 17. 6
9 19.1 44,4 43.7 18.7
10 20,0 45,3 44.6 19,6
11 20.8 46,1 45.4 20.4
12 21,6 46,9 46.2 21.2
15 23.5 48,8 48,1 23.1
16 24,1 49.4 48,7 23.7
17 24,6 49,9 49,2 24.2
20 26,0 51.3 50,6 25.6
30 29,9 54.8 4.1 29.1
40 32,0 57.3 56.6 31.6
60 35.6 60.9 60.2 35,2
80
100
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Table F--C. Antenna Size and G/ T of Terminals Using DSCS
Phase II Satellites

=3

Antenna
Terminal Diameter (feet) G/T dB)

Intelsat Typical (3rd Generation) 97 43*
AN/MSC-60 (HT) 60 39
AN/FSC-~9 60 38
AN/MSC-40 10 34
AN/MSC=-61 (MT) 18 27
AN/MSC-61 (proposed) 35 33
SCT-21 21 31
AN/TSC-54 18 265

SC-1a 6 17.5

SC-1b 18 26

SC-2 30 31
NATO 42 34,8
SKYNET (UK) (1) 42 32
SKYNET (UK) (2) 40 32.4
SKYNET (UK (3) 21 31.4
SKYNET (UK) S1 6 15.7
Army Tactical Terminals

AN/MSC-59 (1/4-ton) 8 18

AN/TSC -84 (1-1/2-ton) 5 18

AN/ TSC-36 (2-1,2-tonm) (LT) 8 18
Navy Shipborne

AN/WSC-2 (1) 8 15

ANAVEC 2 2) 4 12 !

SSC-6 (MASST) 4 14 i

Afrhorne 3 5

i

*Galin computed at 4 GHz, 3li others at 7.2 GHz.
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” Table F-7. DSCS #’hase [I, Stage la Exclusive Band Carrier Frequencies i ”
Downlink Uplink ,
s l ((MHz) _ (MHz) Emission : N
n 1. 7251. 3700 7976, 3700 1800 F9
J 2.+ 7252.9325 7977, 9325 1800 F9 _
| 3, * 7256, 0575 7981, 0575 1500 F9
a- 3
J v 7260. 1450 7985. 7450 3500 F9
- 5. 7265. 4325 7990. 4325 ‘ 3500 F9 ._:
" 6. * 7270,1200 7995. 1200 20, 000 FY '.
’ 7. 7271, 6825 7996, 6525 3500 9 & "
8000 F9

y 8.+ 7277.9325 8002, 9325 3500 FO
‘ B 7279. 4950 | 5004, 4950 3500 F9 f
] | 10, 7282.6200 8007, 6200 3500 F9
- [1Lv 72841825 ‘ 8009, 1825 3500 F9 .
} 12, * 7287, 3075 ‘ 8012.3075 3500 F9 1
N I 13, 7290,4325 8013, 4325 3500 F9 !
' 14, 7293,5575 8018,3575 ! 1800 F9 ! i

. 15. 7296.6525 8021, 6525 1890 F$ I

.

o {16, 7298, 2450 8023, 2450 1200 F9 ‘

i
" | 17. Beacon-7250.1°* | | 5 19 J 7’-.
j *DSCS Recommended Frequerey Plan. ;'. 
.

«*farth Coverage Beacon,
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Table ¥F-58. Monthly Space Subsystem Cost Alloecation for One Analog
Voice Channel DCS Quality *t

.
J
It
|}
¥
i
]
t
i
‘ |
il L i e JL i Vj“ M k
Ll i il Ml st 0 WLt skl

Terminai G/T & Thousand
Type (dB) EC NB

HT 39 1.405 0. 086

MT 34 4,449 0,281

MSC-46 34 4,449 0.281

TSC-54 26.5 24.979 1.531
" WSC-2 (8") 18 - 10.928
J LT 1§ - 10,928

S8C-6 14 - 27.321
‘: :4
- *Based on Phase 1l development, procurement launch and O&M 4

costs averaged over 10-year life cycle.

o TBased on one channel of a 12-channel group. ,

i

E

- Table F-9. Monthly Space Subsystem Cost Allocation for One Analog %

. Voice Channel Tactical Quality* i

3

" Terminal G/T 3 Thousand

Type (dB) EC NB 5

E]

HT 39 " 703 0. 045 g

- MT 34 2.186 0.141 i

' MSC-46 34 2.186 0.141 '
TSC-54 26.5 12.489 0,751
. WSC-2. (8") 18 85, 866 5,542
} LT 15 85, 566 5,542
’ SSC-6 14 218. 568 14.051
) WSC-2 4") 12 354.392 22,0637
! TSC-80 12 354,392 22.637
MSC-57 8 - 506. 584
Airborne 3 - 109, 282

—e

*Based on Phase II development, procurement launch and Q&M
costs averaged over 10-ycur life cyele,
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mr.
.
S

MONTHLY SPACE SUBSYSTEM COST ALLOCATION

o
(3

¥ .

E Table F-10. Digital Data, 1 kbps ($ Thousand)

3

: Terminal <4

: Type G/T EC NB
HT 39 . 016 . 001 i

H MT 34 . 050 . 003

L MSC-46 34 . 050 . 003 .
TSC-54 26.5 273 . 018 l
WSC-2 (&) 18 1. 952 .133 :
LT 18 1,952 .133
SSC-6 14 1,996 . 320 )
WwSC-2 4") 12 7. 806 . 515 xa
TSC-80 12 7.806 .515
MSC-57 8 20,296 1.249
Airborne 5 39, 029 2,498 .
Submarine 3 63. 960 4,134

Table F-11. Digital Data, 2.4 kbps ($ Thousand)

Terminal
Type G/T EC NB

HT 39 . 037 . 002 -

MT 34 . 120 . 008

MSC-46 34 . 120 . 008 i

TSC=54 26.5 . 656 . 043 : .

WSC-z (8" 18 4,684 . 312

LT 18 4. 684 . 312 h
i 38C-6 14 11,990 .768 .
: WwWSsC-2 (4) 12 19,5156 1.249

TSC-80 12 19. 515 1.249

MSC-57 & 48, 397 3.041

Airborpe 5 93,670 5.995

Submarine 3 152,100 9.750

G/T = Figure of Merit
EC - Earth Coverage
NB = Narrow Heam

Based on Phase Il development, procurement launch and Q& M costs averaged
over 10-year life cycle.
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Table F-12,

Channel, 1 kbps

Monthly Space Subsystem Cost Allocation Digital Data

Terminal G/T $ Thousand
Type (dB) EC NB

HT 39 0.016 0,001
MT 34 0.050 0.003
MSC-46 34 0.050 0,003
TSC-54 26.5 0.273 0.018
WSC-2 (8") 18 1.952 0.133
LT 18 1.952 0.133
SSC--6 14 4,596 0,320
WSC-2 (¢47) 12 7. 808 0.515
TSC-80 12 7.8006 0,515
MSC-517 8 20, 296 1.249
Airborne 5 39.029 2,498
Submarine 3 63. 960 4,134

*Rased on Phase II development, »rocurement launch and O&M
costs averaged over 10-year life cycle.

Table F-13.

Channel, 2,4 kbps~*

Monthly Space Subsystela Cost Allocatior. Digital Data

Terminal G'T % Thousand
Type (dy) EC NB
'

HT 39 0,037 0,002
MT 34 0.120 0,008
MSC-46 34 0.120 0. 008
TSC-54 26.5 0,656 0.043
WSC-2 (R') 18 4.0684 0,312
LT 18 4,684 0.312
§SC-6 14 11.990 0,768
WSC=-2 (4°) 12 19.515 1.249
TSC-80 12 19,513 1.249
MSC-57 & 48,1397 5. 044
Airborne 5 93,670 35.595
Submarine 2 152,100 9,750 J

*Based on T'hase Il development, procurcement launch and O&M
costs averaged over 10-year life cvele,
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b —— O Y

Aec

Ao
ACOC
A/D
AGC
AKM
ADM
AWGN
B
BER

C/KkT
CNRTH
D/A

dB

dBm
DSB-AM
DSB-SC-AM
DSCS

E

E

b
EC
EIRP
EMI

ET

APLPENDIX G — GLOSSARY

Effective area of antenna

Amplitude of unmodulated carricr

Area communication operations center
Analog-to-digital converter

Autciatic gain control

Apogee kick moetor

Amplitude modulation

Additive white Gaussian noise

Bandwidth occupied by a modulated signal
Bit error rate

Bits per second

Binary symmetric channel

Bandwidth

Channel capacity in bits per secoend
Received carrier power to noise power density ratio
Carrier-to-noise ratio at modem threshold
Digital-to-analog converter

Decibel

Decibels referred to one milliwatt of power
Double sideband - amplitude modulation
Double sideband suppressed carrier - amplitude modulation
Defense Satellite Communications System
Signal enerzyv

Energy per bit

Earth coverage (applied to satellite antenna)
Effective isotropic radiated power
Electromagnetic interference

Earth terminal
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1y

Ly

TN,
u

AR e T
|

FDM
E FDMA

FEC
FM
FSK
G
g
GHz

: G/T

HPA
HT
ICF
IDCSP
IF
J/s
K

kbps
km

KtV

T
(.

Lz =2 == s = = e 5 e =

Earth terminal complex

Eastern Test Range

Maximum instantaneous-frequency ceviation
Modulating signal

Instantaneous frequency

Highest frequency in a signal
Frequency division multiplex
Frequency division multiple access
Forward acting error correcting
Frequency modilation
Frequency-shift keying

Antenna gain

Acceleration

Gigahert>

Antenna receiving figure of merit
Height of satellitc above earth
High-power amplifier

Heavy transportabie terminal
Interconnect facility

initial Defense Communications Satellite Program
Intermediate frequency
Jammer-power-to-signal ~-power ratio
Degrces in Kelvin scale

Thousands of bits per second
Kilometers

Kilowatt

Transmission line loss between antenna and low-noisce

amplifiers

Multichanne! load factor
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t1

FS

LOS
LPA

M

m
Mbps
MDA
MFSK
MHz
Modem
MUX
MT
MTBF
MTTR

PCM
PDI
PM
PN
PSK
APSK

pWp

I'rec space loss

" Transmission losses in system

Line of sight

Low-power amplifier

Margin

Bandwidth expansion factor

Millions of bits per second

Motor drive assembly

Multipie frequency shift keying
Megahertz

Modulation~demodulation combination
Multiplex

Medium transportcble terminal

Mean time between failures

Mean time to repair

Average thermal noise power

Noise power density

Narrow beam (applied to satellite antenna)
Noise power ratio

Nonreturn o zero

Average signal power

Channel error probability
Probability of bit error

Pulse code modulation

Pre-emphasis improvement factor
Phase modulation

Pseudorandom noise

Phase-shitt keying

Differentially -coherent phase-shift keying

-1
Picowatts (10 2 watts) psophometrically -weighted
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' RFI
SAMSO
SCF
SEN
SHF
S,
1
/N
s
. ( /N)o
sS
SSB-AM

SSy

D iU
.. .

SSMA

T

TA
TACSAT
TATS

T

L
T

R
TCF
TDM
TDMA
TT&C
TTNR

TTY

Data rate

Number of parity check bits at encoder output
Reltability at time t

Earth radius

Slant angle, earth terminal-to-satcllite
Radio frequency

Radio frequency interfcrence

Space and Missile System Organization
Satellite coatrol facility

System Evaluation Network

Super high frequency

Average power

Signal-to-noise ratio

Detector output signal-to-noise ratio
Spread spectrum

Single sideband-amplitude modulation
System simulation facility

Spread spectrum multiple access

Time duration of one bit of data
Antenna noise temperature

Tactical Communications Satellite

Tactical Transmission System

Ambient temperature of the transmission line loss

Low-noise amplifier nolse temperature
Technical control facility

Time division multiplex

Time division multiple access
Telemetry tracking and command
Test-tone-tn-noise ratio

Teletype
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Traveling-wave tube
Traveling-wave tube amplifier
Ultra high frequency

Uptime ratio

Channel bandwidth

Angular frequency of carrier
Western Test Range

Angle of arrival of incident radiation
Angle of elevation at terminal

Angle of inclination of orbit

Angular radius of visibility
Aperture efficiency

Wavelength

Modulation index

Normalized inner product of a signal

Phase of received signal

Fallure rate




