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PREFACE

The Mobile Radio Alternatives Systems Study addressed the needs for mobile communi-
cations in the non-urban areas of the United States between the present and the year 2000,

and considered two ways of fulfilling the needs: by terrestrial systems only and by a combina-
tion of terrestrial and satellite systems. Results of the study are presented in three volumes.

Volume 1 defines the functions and services that will be needed, and presents estimates of
the mobile radio traffic that will be generated and the geographical distribution of the traffic.

Volume 11 describes and analyzes the performance and cost of terrestrial systems concepts
for meeting the needs described in Volume 1.

Volume III describes and analyzes the performance and cost of satellite-aided mobile radio
systems concepts designed to serve that portion of the needs that may not be fulfilled by ter-
restrial systems. The volume includes a discussion of regulatory and institutional aspects of
satellite land mobile communications.

A companion report, "Non-Urban Mobile Radio Demand Forecast," Final Report, June
25, 1982, was prepared by ECOsystems International Incorporated under a subcontract to the
study. The report is available from the National Technical Information Service, Springfield,
Virginia, 22161.

Y
5	 The Mobile Radio Alternatives Systems Study was divided into tasks. The study results
V	 were prepared for publication in a single volume with the results of each task presented as a
g	 numbered section. It became apparent that the report would serve its readers better if it were

divided into three volumes as described in the Preface. The section numbering intended for
the single volume is retained in this volume.
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4.1 SATELLITE SYSTEM ARCHITECTURE

4.1.1	 IYST.4 ELEMENTS

The Land Mobile Satellite System (LMSS) consists of three elements, space

segment, gateway (fixed) terminals and mobile terminals. The space segment is

further divided into satellite, launch vehicle, Network Operating Center

iNOC)- Satellite Operating Canter (SOC) and various launching and on-orbit

services. Mobile terminals consist of three generic types, a

cellular-compatible mobile terminal, primarily for voice and voice bandwidth

;data) dialup service, (compatible with both satellite and te —f ttrial), a

"stand-alone" mobile terminal primarily for voice and voice bandwi^th (data)

dial-up service (not compatible with a terrestrial system) and a "stand-alone"

fixed tuned mobile terminal, for interactive (low throughput but bursty) data

for telemetry and control, and for position location. 	 The purpose of the
ti

system architecture is to describe the characteristics and performance of

these elements, and to define generic services, so that various cost

characteristics such as invesment, expense, return on investment and service

charges can be computed in a later section.

4.1.2 LMSS UNIQUE FEATURES

The system architecture stresses the unique features of LMSS with respect to

the terrestrial mobile system in crder to enhance its value to prospective

users. Of paramount importance is "ubiquity". In principle, LMSS can provide
r

service everywhere since its antenna beam(s) cover the U.S. including offshore	 r

locations. LMSS has no range limitations like the terrestrial system and in

an economic sei;^e, is not limited to service areas, like terrestrial systems,

having sufficiently dense populations. For economic viability, the satellite

must serve a sufficiently large total population (in its coverage area) but

local population densities are not important. In a. practical sense however

LMSS is not ubiquitous. If the satellite is obscured by a building, hill,

bridge or foliated tree the LMSS signal is not usabl^_. As a mobile penetrates

urban areas, multipath caused by building reflections received in its antenna

beamwidth and man made noise, particularly automobile ignition noise, also is

encountered. Satellite elevation in Alaska also will be low resulting in

significant multipath. As a result there are areas where the LMSS signal may

no ,' be usable. In some cases, an "aware" driver can correct the problem by
9

either waiting until a more favorable situation occurs (he moves out from

behind an obstacle), or taking some specific action ("pause" at a place where

4-1	 WPC-011214-15M	 "
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multipath permits communication). An important approach taker I n this study

is to iaentify mobile antenna concepts that maximize ubiquity. This entails

use of antennas having low gain in the lower hemisphere bait high gain in the

satellite direction, and good circular polarization purity. If modulation

also is selected that tolerates significant (fade) degradation then the LMSS

ubiquity is, in the fullest seise, preserved except for quite rare

occurrences. Experience with experimental LMSS bears this out,

High communications performance also is provided because significant multipath

is seldom encountered, and the coherent bandwidth exceeds the probable

spectrum allocation. Wideband data signals are easily transmitted without

special precautions (terrestrial systems in the presence of Rayleigh fading

require repeat transmission to recover lost bits).

Satellite services are flexible if the satellite is not channelized dnd a

common signalling channel and centralized control (via the NOC) is available

to allocate bandwidth and power on demand. In particular, high speed data

such as 56 KBPS or higher is easily accomplished and can be provided on

demand, (some precautions are necessary to group compatible signal formats in

order to minimize the effects of intermodulxtion noise).

^ i	 Adaptation of these features in the system architecture will demonstrate that

LMSS has a competitive cost vis-a-vis terrestrial mobile services, is

k	 particularly competitive over long (long distance) routes, such as is

encountered in the transportation industry, and that LMSS can have sufficient

capacity to be an important adjunct to the terrestrial service so as to

justify the spectrum allocated to it.

Finally, a last important point is that LMSS complements the terrestrial

mobile system, particularly those in the 806-890 MHz band by providing

ii
	

services not economic or practical by terrestrial means, e.g. service in rural

	

'	 and suburban areas, wideband services, long distance services and special

position l ocation services.	 On the other hand, LMSS can not replace or

i	 compete with terrestrial systems in urban areas because LMSS can not develop

the necessary capacity (by cell division). 	 Therefore the satellite and

terrestrial services are truly complementary - w;th terrestrial systems

	

i	 primarily serving the high capacity urban areas and LMSS primarily serving

elsewhere.
^ ?F
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4.1.3 LMSS SERVICE;

It is convenient to define three LMSS service groupings. The first of these

is radio telephone, essentially extending the services projected to be

provided by the terrestrial, cellular systems, such as AUT's "AMPS". In this

case, LMSS can provide service to extra-cellular roamers, wideband data

services (which might otherwise be degraded by the Rayleigh fading encountered

in cellular systems). paging (to help locate roamers), and long distance

servic ,.• s.	 In the latter case it may be more cost effective to route long

distance calls via LMSS then via the available TELCO. There is also the

possibility for a "stand-alone" radiu telephone service, optimized for

satellite use and not compatiole with the cellular system equipment and

parameters. While the operator may be local, the service is national because

of ubiquity.

The second service is an extension of the Special Mobile Radio (SMR) services

consisting of government, business, special industry, police, firefighters

etc. These are principally private dispatch networks with no requirements for

connectivity to the TELCO or to each other. LMSS can provide some of these

services, particularly those requiring extended ranges or wideband data or

position location services.

The third service, interactive data and position location, is a new service

not now provided, to both the transportation industry (trucking, railroading,

intracoastal shipping) and to the prospecting industry (oil well logging,

mining, etc.), and others.

These three services make use of the following generic communications:

1. Dialup voice

2. Dialup voice bandwidths (wideband data)

3. Interactive data (low throughput, bursty)

4. Position location

Voice may be FM or SSB.	 Data is likely to be CPSK to conserve satellite

bandwidth and power. Interactive data is typified by a transceiver which has

a telemetry or control capability.	 For example, the transceiver may be
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muniLuring the status of a truck trailer, utility line, etc. vith a block of

25U bits.

Periuulcdlly, typically several times a day, the transceiver can be

interruyateo by the NUC, (e.g. triggered to transmit its 250 bit block of data

for processing) or it can transmit spontaneously for certain "alarm"

situdtiOIS (excessive temperdture, unauthorized entry, etc.). 	 Similarly,

cuntroI	 of	 local	 devices (sucn as utility switches) can be exorcized

remotely. In addition, the location of the transceiver can be determined to

Within typically a tenth of a mile providing routing control of trucks,

trains, buses etc. All in all, users can make use of any of these services

indiviuually or several in combination. 	 For clarity, the service definitions

dnu costs are evaluated individually.

4.1.4 XLQU1REMENIS ANU CRITICAL PARAMEIER^

4.1.4.1 General Requirements

benerdl LrISS requirements de*ine important characteristics and goals. 	 Thus,

LMSS should be flexible with regard to service mix, service capacity and

allucdtion of bandwidth and power, on demand. 	 The conimun signalling channel

dnu centralized control via the NUC are important to the realization of this

goal, as is an uncnannelizeu satellite. 	 Service quality is dependent on user

expectations.	 Radio tele phone subscribers (the public) generally require

higher quality service than, for example, 	 industry dispatch users who

emphasize intelligibility. However "toll quality" telephone is not provided

by te-restrial radio telephone service because of Rayleigh fading and

cu-channel and adJacent channel interference. Therefore it is not necessary

to proviue this by LMSS unless it can be done at costs which are competitively

priced. Grade of service ob,juutives for cellular systems are in the range of

.01 to .05, and similar criteria is proposed for LMSS. 	 It should be noted

that the actual grade of service attained depends principally on the gateway

terminal equipment. It is expected that the gateway will have relatively few

MUULMS and smaller operators will accept higher grades of service to achieve

gdtewdy economy even though the mobile and satellite are capable of better

service.
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The LMSS described herein provides full U.S. coverage including offshore

locations; where important, design choices required for full coverage

including offshore, are indicated, however detailed conceptual designs for

these cases are not provided. Compatibility with radio telephone terrestrial

systems, so that subscribers can use either terrestrial cellular or satellite

is an important consideration. Existing terrestrial cellular mobile designs

are optimized for that service, considering the peculiarities of terrestrial

systems, e.g. the presence of multipath, co-channel and adjacent channel

interference, and geographically small cells. Utilization of that desi gn for

LMSS results in unacceptably poor performance. 	 Optimization of the mobile

design for satellite use radically alters the existing design. Perhaps

ultimately, the mobile design could embrace reasonably optimized performance

for both terrestrial and satellite systems however, for the present study the

cellular compatible design represents a minimum cellular system modification,

sufficient to provide good performance with LMSS.	 The "stand-alone" mobile

transceiver is an example of satellite system optimization 	 (spectrum

efficiency, positive network control etc.). With the definition of service

provided above, only the radio telephone service needs to be terrestrial

compatible.

In conclusion, it appears quite practical, and desirable that LMSS be able to

accommodate an arbitrary mix of services, by allocating power and bandwidth on

demand, and utilize a centralized network control with a continuously

available common signalling channel (except for the cellular compatible

service where this is not possible).

In this system mobile communications are provided at UHF between the mobiles

and the satellite, and fixed communications provided at S-Band (Ku-Band also

is considered) between the gateways and the satellite. Mobile to mobile

communications are not normally desired but can be double-hopped via a patched

gateway.	 Satellites using on-board routing and switching also enable

mobile-mobile communications.

Full satellite subsystem redundancy is necessary. Since two satellites for

position location services are needed, two satellites, orthogonally polarized

and with interstitial frequency plans are defined as an operating system, with

a third non-operating satellite as a spare. Mobile equipment redundancy is

not required. Gateway redundancy also is not required because a neighboring
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ydtewdy plus	 the TELCU can be used	 as	 a "work around"	 in case of	 local yateway

tenure.	 This reduces	 gateway	 costs	 and encourages	 widespread gateway

deployment	 which enhances	 system	 flexibility. Of	 course	 some	 "hub" gateways

carrying heavy or vital	 traffic	 will	 be	 fully redundant.

the technology assumed is that believed to be readily achievable in the

199U-1000 time trance. In particular, a large multibeam deployable antenna is

dawned to be adequately developed, and its spacecraft impact sufficiently

understood to enable cormnercial implementation in this time frame. Other

tec,nnuluyies such as low noise transistors arid efficient linearized solid

state power amplifiers exh!bit performance which is based on prudent

projections of current developments.

Sinc._ one ultimate purpose i, to compare in cost a (nearly) ubiquitous

terrestrial system and a LMSS, an attempt is made to use cost yardsticks which

are valid for the comparison.	 Assumptions with regard to interest rates,

returns on investment etc. should use common methodology. However, annual

charge, investment per subscriber, investment per erlang are methods which are

expected to shed light on the cost differences between the two systems.

p,	 4.1.4.2	 Particular kequirements

The	 study considers	 only geosynchronous satellites.	 Mobile communications	 are

`	 in	 the	 806-890	 MHz	 band,	 (allocated by	 the	 1979	 WARC). Fixed	 bands	 are

dsswned to be	 in	 S-8anu	 (2500-269U MHz band),	 however	 some consideration	 11so

is	 given	 to	 use	 of	 :-eanu	 (b/4	 GHz),	 Ku-bane	 (14/12 GHz)	 and	 Ka-band

(3U/2U GHz).

Multipath, caused principally by ground skip, and reflections from nearby

objects such as buildings, man made noise, and shadowing are occasionally

encountered in rural and suburban areas and margin is used to combat the

ettects. However, like the telephone system, fading in LMSS is defined as a

deyraudtiun from some numinal performance level, including the possibility of

fading to a useless signal level. While there is no available data that can

nhatheniatically define performance in these circumstances, a significant part

of the mobile conceptual design effort is to identify the mobile antenna types

that will be most resistant to these effects. Unlike the terrestrial system

where the reflected and direct signals arrive at the mobile (and base) at
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virtually the same angles and where the links are substantially "over powered"

in order to "swamp" man made noise (and effects of Rayleigh fading), the

satellite system can discriminate against both noise and reflections. High

spectrum efficiency can be attained in a "spectrum starved" LMSS by using the

orthogonal polarization (imposing additional design requirements on the mobile

antennas), and by using spectrum efficient FM and single sideband. Use of

compandors for both FM and SSB not only improves performance but increases the

resistance to co-channel interference, enhancing the performance of the dual

polarized system.

The full time common signalling channel assures maximum utilization of each

"trunk", and positive network control, as explained previously. Other uses

are as a frequency standard to av0 d the use of an expensive oven controlled

crystal oscillator in the mobile, as a pilot signal to enable mobile antenna

steering if needed and as a method to control mobile and gateway amplifier

levels. The latter enables constant satellite eirp per carrier regardless of

the mobile's position in the satellite antenna's field-of-view, dynamic

allocation of power for different services, and the availability of a dynamic

power margin, on demand. The NOC via the common signalling channel also pages

mobiles, and the NOC records the beam location of mobiles, as they traverse

the satellite beams (for later paging).

4.1.4.3 Critical Parameters

Critical parameters affecting LMSS performance and cost are summarized in the

following:

Spectrum Efficiency

1. Frequency reuse via multiple spot beams

2. Frequency reuse via orthogonal polarization

3. Spectrum efficient, compandored FM and SSB (where applicable), and LPC

4. Time division (TOM plus slotted ALOHA) for interactive data channels
and common signalling channels

5. Interstitial	 spacing	 to	 provide	 additional	 isolation	 in	 an
	 t

interference environment
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Power Efficiency

I.	 Linearized, class Ala satellite amplifiers

2. High gain mobile vehicle antennas

3. Companuoreu voice

4. Fade to usaole signal

5. Power diversity

weight Efficiency

I.	 Multi frequency antennas (UHF and S-band)

2. Solid state power amplifiers

3. Projected state of the art	 in satellite bus technology

Flexibility

I.	 Low cost gateways

2.	 Common signalling channel and centralized network control

4.1.5 FkEQIIENCY PLANS

LMSS operations should be in the band 806-890 MHz, allocated by the 1979 WARC

(11U).	 In the U.S., this is a new band allocated to cellular radio telephone,

Safety and Special Mouile kadio (SMk) ano 14 MHz of reserve bands. LMSS

serves both cellular radio telephone and SMR. A NASA proposal to the FCC

recommends a reallocation of the 806-890 MHz bands preserving the total

spectrum already allocated to cellular and SMR, but rearranging this spectrum

su as to provide two 10 MHz allocations out of the reserve bands for LMSS

between the cellular and SMR allocations. 	 The plan is attractive to LMSS

because the bands are contiguous, common mobile equipment can be used, ano

therefore all services benefit from the resultant mass production. 	 The

existing plan and NASA plan are depicted in Figure 4.1-1. 	 The NASA plan is

adopted for this study, resulting in the 821-831 MHz band allocated to

satellite uplinks and 866-876 MHz uand allocated to satellite downlinks. 	 In

addition, for fixed link, the band 2500-2690 MHz is believed to be available

on a shared basis, however, C-band (6/4 GHz) Ku-band (14/12 GHz) and Ka-Band

(30/20 GHz) also could be used.

ki
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Figure 4.1-1. Current FCC Frequency Allocation and
NASA Proposed Revision

4.1.6 GEOMETRIC FACTORS

4.1.6.1 Satellite Orbital Locations

Satellite oruital locations are baseo on a two satellite system, separated by

nominally 30 degrees, (for position location services), and on consideration

for coverage of CONUS, Alaska, Hawaii and Puerto Rico. Such a configuration

is advantageous because a spare satellite is one of three satellites, sparing

is tnus 3/2 and the cost of sparing is less, compared to a 1/1 situation.

,lost networks utilizing LMSS are private and little interconnection, if any at

all, is required between them. Consequently, CONUS networks can be served on

)
either satellite, and the most favorable satellite can be selected in most

Y	 cases.

It the pair of satellites is too far east Alaska service suffers; if too far

west, CUNUS coverage by the western satellite suffers. Recognizing that the

uominant service will be to CONUS, orbital positions around 90 0W and 1200W
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are nearly optimal. Table 4.1-1 lists coordinates examined and the resultant

appruxinidte elevation angles to the satellite, and relative slant range to the

local vertical.

[the cuumun signalling channel can be useu to cuntrol power amplifiers such

that d uniform carrier flux density is obtained, considering both satellite

antenna gain variations and slant range differences, and possible mobile

antenna gain differences because of terrain slope.

Table 4.1-1. Geometric Factors for CONUS and Offshore

LOCATION COORDINATES
SATELLITE ELEVATION
900W 120OW

MAINE 700W, 45 0 N 34.50 (0.55 dB) 18,80 (0.89 dB)
CONUS	 TEXAS 980W, 27 0N 570	 (0.2 dB) 50.30 (0.3 dB)

SEATTLE 1230W, 43 0N 30.40 (0.65 dB) 40.30 (0.45 dB)

ALASKA 1650W, 70 ON NOT FULLY COVERED 60	 19.90
(1.15-0.88 dB)

HAWAII 1550W, 20 O N 15.2 (0.95 dB) 440 (0.38 dB )
PUERTO RICO 650W, 18 O N 54.60 (0.22 dB) 25.30 (0.74 dB)

4-10 WPC-0112h1-15M



,;.

hood service to Hawaii and Puerto Rico is provided in this arrangement.

Alaskan service using the western satellite is feasible although, like the

terrestrial system, multipath will be encountered. Position location also is

possible for the more inhabitea areas of Alaska ohich can view both

satellites. in this situation however multipath will be a problem. for

important communications, vehicles may have to pause at places of good signal

strength (in this case the signal strength will slowly fluc,uate-due to the

multipath-because the satellite is slowly drifting).

4.1.6.2 Uifferential kange

The interactive data system (telemetry and control and position location) is a

query anu response, packet-switched system controlled by the NOC. The NUC

composes an outgoing TOM message train consisting of various addresses of

transceivers. Each transceiver responds only to its own address, by

transmitting its encoded information or transponding a 'position fix". Except

for equipment response times the incoming data stream also is TOM. However,

guard times have to be allowed to account for the different message

transmission times for transceivers at different ranges from the satellite.

These guard times are a function of the number of beams, e.g. the geographical

extent of the beam, and are listeu in Table 4.1-2, along with the worst-case

impact to a 6KBS data channel having 250 bit blocks. The efficiency improves

with the number of beams because the "guard" time is reduced. This represents

a maximum inefficiency because :he NUC can "learn" the differential delay

associated with each transceiver, and, if the query message is shorter than

the response message, (which it ought to be), can adjust the query time to

reduce the yuard time. Some caution must be exercised since the transceiver

(niobile) may be moving. Thus the efficiency is essentially efficient TOM in

both directions, and the differential delay, at 6KBPS rates is not important.

It shoula be noted that other requirements reduce transmission utilization.

Une is a periodic pause in the NOC outgoing query stream (signalled by an

alarm "enable"), to allow for "spontaneous" alarms (signalling intrusion or

some other crisis state). The "pause" is long enough so that randomly timed

bursts from various mobile transceivers in an alarm status can convey the

alarms back to the NUC without collision. Another reduction in transmission

utilization is the communication from the NUC to the operator, updating the

status of their mobile transceivers.	 Since the data is processed, e.g. only	 A

changes anu alarms are sent, the requirement for transmission capacity should

be relatively small.
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Table 4.1-2. Packet Guard Time Uncertainty

NUMBER OF
BEAMS BEAMWIDTH

T (ONh WAY
UNCERTAINTY)

MS
EFFICIENCY*

`;

97 0.410 0.9 P-P 96

12 1.50 2.9 Be

1 60 X 4 0 5.9 78

* ESTIMATE FOR 250 BIT BLOCK AT 6 KBPS

4.1.7 STRATEGY FOR SATELLITE CONCEPTS

4.1.7.1	 Introduction

The satellite concepts for Lne system architecture must be consistent with the

gateway and mobile equipment defined previously, must be defined by a

consistent set of parameters, and must be consistent with the various

traffic/capacity/services concepts evolved in the Study. Several satellite

models are defined, which are to be examined parametrically with regard to the

impact on subscriber charges. Each satellite concept will be defined by:

1. Antenna beam and frequenc- plan

2. Transponder configuration

3. Routing. °ccessing and switching definition

4. Signalling arrangement and Network Control

5. Physical characteristics (primarily weight and power).

It is planned to compute the weight and power of each satellite concept

parametrically with regard to satellite eirp in order to assess the impact of

power to satellite weight, prime power, and cost.

4.1.7.2 Satellite Capacity

Five generic satellite concepts are evaluated; these are listed in Figure

4.1-2. The first four concepts, A, B, C, and D are planned to be used in

various ways in the parametric cost tradeoffs. Concept P', a hundred beam

satellite like D, makes use of a single Ki-Band beam for its fixed link as
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compared to D which requires multiple S-Band beams and on-board switching. In

these arrangements each satellite makes use of the entire available band, e.g.

a one beam satellite has a bandwidth of approximately 10 MHz (the full

allocation) and multiple beam satellites, using a 4:1 segmentation scheme,

have a bandwidth per Seam of a pproximately 2.5 MHz. Thus, the two operating

satellites are co-channel but orthogonal in polarization.

J;1

4.1.7.3 Link Performance

Performance levels are defined parametrically in order to permit evaluation f

the cost sensitivity to various system parameters. For example, mobile

operation in rural areas with flat terrain will experience almost ideal, (free

space) propagation conditions. There will be some small amount of multipath

from ground reflections, occ onal shadowing from a foliated tree, hill etc.

and perhaps occasional ign-I yin noise from passing vehicles. As the mobile

penetrates suburban and then urban areas, sporadic shadowing, multipath from

obstacles such as buildings, and more man-made noise will be encountered.

Finally, in center city the satellite may be completely shadowed ty tall

buildings.	 The ability of the mobile to function in this environment is

CONFIGURATION	 A	 O	 C	 D
	

D'

NUMBER OF UHF BEAMS 1 11 31 100 100

UHF BEAMWIDTH • 6° x 4° 1. S . 0. 77° 0.41° O.4I°

NUMBER OF FIXED SERVICE BEAMS  1	 (5) 1	 1	 IS) 1	 (5) IS	 IS) I	 IKu)

ON BOARD SWITCHING NO NO NO YES NO

SYSTEM CAPACITY'- (MHO (DUAL)
I

POLARIZATION) 110
I

60 155 S00 500

EOUIVALENT	 FMISSEI TRUNKS ••'	 .IJJ315000 4000115.000: 10,111110,750 31,11JI125,000 1 11,111.115,000

POWER, KIN 016	 2.0 1 0,5	 1.0 0.7-1.6 9.0-9.0 7.6	 1.4

I
WEIGHT, KILOPOUNDS 0.6	 1.0 1.0	 2.0 1.4-1.B 16.6.17.0 12.1-12.5

• SEGMENTATION 4.1

•' 2 SATELLITES

... CFM IS IS KH,. CSSB 15 4 KH,

Figure 4.1-2. Satellite Configuration Summary
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	 related to the link margins, the intelIf3ibiIity of the modulation under faded

conditions, and on the ability of the mobile antenna to suppress obstacle

multipath and man-made noise. The subscriber also will learn to adapt to

local conditions - he can certainly take action against being shadowed, and

obstacle multipath and man made noise are purely local effects which will

differ in different locations. The satellite system, by adaptively providinf)

more link power (for both uplink and downlink), via the centralized Network

Operating Center a;so can provide an adaptive response to excess noise or

interference situations. Finally, the performance of LMSS ought to be

measured against terrestr.al mobile radio performance which is plagued by

co-channel and adjacent channel interference and Rayleigh fading e.g. it is

not necessary and probably not desired by the subscriber to achieve toll

quality performance for LMSS.

Since standards for LMSS are clearly lacking and experience with LMSS links is

almost totally lacking, the approach taken in the study is to describe the

power performance and cost parametrically.

Performance for compandored FM links is based on a 13.5 KHz noise bandwidth,

15 KHz center-to-center , and quiescent CNR = 14.8 dB, which provides 5 dB

margin against threshold (7 d8 with threshold extension). Signal to noise

density required is 56.1 dB-Hz.

Performance for compandored SSB links is based on 3400 Hz noise bandwidth, 4

KHz center-to-center spacing, and a quiescent CNR = 15 dB. Signal to noise

density requires 50.3 dB-Hz. Note that the ratio of the two signal to noise

densities, and the bandwidth ratio, is 5.7 dB. With the two signals defined

in this way the satellite available power can be used to provide 15 KHz FM

signals or 4 KHz SSB signals interchangeably, for the purpose of computing

numbers of 15 KHz or 4 KHz channels, (the same is true for 30 KHz FM).

The nominal C/I ratio due to satellite non-linea rity is assumed to be 23 dB.

For a given satellite power this establishes a "floor" in noise performance

which particularly affects SSB which does not have the processing gain of FM

e.g. compandoring and pre-emphasis are the only way SSB can achieve poll-like

quality in an interference environment.

r5
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I,ote also that 558 power is average power; mobile power amplifier capability

musL be increased by at least 6 dB to handle envelope peaks. The linearized

sate l lite amplifier operating under multicarrier o perating conditions

automatically provides the peak power capability.

The approach to performance definition defines a nominal "best" case link

situation at UHF and at S-Band; this is listed in Figure 4.1-3. The UHF

downlink to the mobile, at an average frequency of 871 MHz is based on a high

gain mobile antenna and a GaAsFet low noise receiver. 	 To achieve this

pertorrnan.e at least part of the low noise amplifier must be located at the

antenna, possibly preceding the deceiver band pass filter. 	 The GaAsFet

technology is probably achievable by the mid 1980's. Allowances for

intermoaulation and antenna side lobe interference noise and uplink thermal

noise are included. Fading, when and if encountered, (due tc multipath, man

made noise, or interference) causes a reduction in signal quality. A similar

approach is adapted for the UHF mobile uplink. The S-Band downlink is based

on a 3 meter gateway antenna and this link contributes the bulk of the thermal

noise.	 While assumed for the study, this arrangement is not necessarily

optimum for LMSS	 since	 it	 increases	 the mobile's	 power	 amplifier

requirements. Tne links also can be arranged so that the mobile to satellite

link	 noise	 is dominant,	 thus	 reducing	 the	 mobile	 power	 amplifier

requirements.

In the satellite system weight and power analysis the power will be increased

in two 5 db steps to account for lower gain mobile antennas, added fade

margins, or other changes in system parameters.
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SATELLITE
TO MOBILE

GATEWAY
TO SATELLITE

SATELLITE
TO GATEWAY

MUUILC
TO SATELLITC

DL UL DL UL

EFERENCE), MHz 871 2650 2580 826

TIER,	 oBw +23.9 -29.8 .8.2 +24.1

iS (LOCAL VERTICAL) dE 182.4 192.0 191.8 181.9

ETRIC FACTOR, dB -0.5 0,5 0.5 0.5

ITION FACTORS,	 " dB 0.1 -0.1 0.1 0.1

,	 USEFUL, dBi +10,0	 (YAGI) r28 (CONUS) 435.8	 (3A1) .23.2

AL LEVEL, dBw -	 149.1 -134.8 -148.4 135.2

2M NOISE TEMP", dB	 •K 422.0	 (160K1 "26.5	 (448K) +22.7	 (186K1 25.9 (391K)

12,0 -1.5 414.7 -2.1

57.6 67, 3 57. 5 67. 5

ERFERENCE ALLOWANCE, dB -	 110 -	 1.0

AL NOISE ALLOWANCE, dB -0.4 0.4

B Hz 56.2 56.1	 -

Fill OUENCY (R
>,r	 LIRP PER CARI

SPREADING LO

NOMINAL GEOM

MISC. PROPAG,

ANTENNA GAIN

RLCEIVED SICN

NOMINAL SYST

G/T	 dBiiK

CN D	(IR Hz

IN FCRMOD, INTLT LINK THERM

TAL CN O , d

NOT INCLUDING MULTIPATH FADING DO TO BUILDING/TERRAIN SKIP, AND MAN MADE NOISE

I cIB, 0.4 dB LOSS, 52°K ANTENNA NOISE

Figure 4.1-3. Nominal Performance Levels
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4.2.1 SATELLITE CONCEPT "A"

4.2.1.1 Frequency Plan, Beam Plan and Capacity

Concept "A" is a small, low capacity LMSS based on 1982 t echnology. Concept A

frequency plan is depicted in Figure 4.2-1 based on the assumed NASA plan.

Transmit and receive frequencies at UHF and at S-Band differ by 45 MHz, as in

the cellu?ar or Sk bands. Anticipating the 4:1 segmentation and associated

signalling requirements, the common signalling channels, one for mobile-NOC,

one for gateway-NUC are located at the band centers of the segmented bands.

Unly one of the four possibilities is used in the single beam satellite.

Either polarization set may be selected for satellite use.

A	 10'	 satellite UHF aperture	 is	 assumed,	 with coverage as depicted 	 in Figures

4.2-2	 and	 4.2-3 for	 90°W	 and	 120°W	 respectively,	 covering	 the	 U.S.;	 the

10'	 UHF	 antenna 3 dB coverage exceeds	 the dimensions of CONUS.	 An	 additional

feed is added to show,	 as	 an example,	 how Hawaii	 (and Alaska,	 and Puerto Rico)

might	 be	 served by	 the	 single	 beam	 satellite.	 A	 "shoulder",	 at	 a	 level

approximately	 -6 db	 from	 the	 CUNUS	 peak	 illuminates	 Hawaii.	 The	 design	 is

accomplished with an F/U -	 1.0,	 using	 lightweight	 short	 helix	 or crossed yagi

feeds.	 Two	 feeds	 are	 required.	 CONUS	 lies	 inside	 the	 -2dB	 contour	 while,

r Hawaii	 lies	 on the	 -5.8	 d8	 contour	 prov i ded	 by	 the	 satellite	 at	 90°W.
Similar	 results are	 obtained	 by	 the	 satellite	 at	 120°W,	 however,	 Alaska

h	
it coverage	 is	 inside the -3db contour.	 Since Hawaii	 capacity relative to CONUS

is	 small,	 and Hawaii	 mobiles	 can	 use	 higher	 gain	 antennas	 because	 the

elevation	 angles encompassing	 the	 satellites	 are much	 smaller,	 the	 impact	 on

satellite power can be neglected.	 The capacity of each satellite, considering

"	 = that the full	 10 MHz bandwidth is available 	 is 667	 15 KHz trunks or 2500 4 KHz

<	 <, trunks.

UPLINK	 DOWNLINK

P1 OR P2 i i i	 CSC (2)	 j	 t	 SC (2) P2 OR P1

	

821	 831	 866	 876
0=45 MHz

DOWNLINK	 UPLINK

LL i	 SC (2) 1 1 1	 CSC (2)

	

2605	 2615	 2650	 2660
0=45 MHz

Figure 4.2-1. Concept A Frequency Plan

i
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4.2.1.2 Transponder Arrangement

the transponaer arrangement in Figure 4.2-4 depicts the principle components.

the power amplifiers are linearized, probably class Ab, bipolar transistors,

anu the low noise amplifiers use GaAsfet's. A single (operating) LO is needed

for the specified frequency plan. It is likely that the LO frequency will be

ground controlled. Variable attenuators compensate for gain drifts.

Filtering is a particularly difficult problem for an LMSS because of the small

frequency separation between the transmit and receive bands ooth at UHF and

S-Band, (but not at Ku-Band). Two problems are particularly severe. One is

to attenuate the transmitter signals leaking into the receiver so that the

receiver circuits do not saturate. The other is to filter the intermodulation

products, generated in the transmitter b y the transmitter non- Iinearities, so

that these do not interfere with the operation of the receiver (desensitize

the receiver).

While a detailed analysis was not performed it appears that adequate rejection

of spurious can ue obtained by a 4 pole transmitter output bandpass filter, in

conjunction with a receiver band "notch" or band stop filter, attenuating

receiver intermodulation products by about 50 dB, (additional isolation is

pruviued by the UMT/antenna). The receiver filter can consist of a 6 pole

filter as a preselector or, to improve sensitivity, part of this filter can be

located in later stages of the LIVR. The filters have stringent design

requirements and contribute significantly to satellite payload weight,

particularly to the multiueam payloads.

821-831 MHz	 LNR	 CHANNEL	 PA
1FILTER

X

	

	 2605-2615 MHzti

f	 X
866-876 MHz	 CHANNEL	 LNR

x	 FILTER
>	 REDUNDANCY NOT SHOWN

t SATELLITE OPERATES ON EITHER POLARIZATION PLAN

• UL/DL SEPARATION = 45 MHz (SAME AS CELLULAR)

Figure 4.2-4.

u	 j
'	 4

2650-2660 MHz

i

WPC-0112M-15M
r(

Concept A Transponder Arrangement
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In addition, a receiver filter is needed to reject general out-of-band

interference. A channel filter also is needed. Mobiles transmitting to

terrestrial systems operate in bands surrounding the satellite UHF uplink, and

!generate typical carrier eirps in the satellite direction which are at least 5

dB below the satellite uplink carriers. Consequently, satellite receiver

"saturation" is not a problem, however satellite filtering is needed (receive

bandpass filter and channel filter) to prevent re-radiation of a significant

level of these extraneous carriers in order to conserve satellite power. The

re-radiated terrestrial carriers do not interfere with terrestrial system

operation. Base station radiation towards the satellite is even larger,

however the frequency separation from the satellite receive band permits

adequate rejection of these extraneous signals. It should be noted that the

principle interference problem in LMSS is the radiation of extraneous

intermodulation (out-of-band) products by terrestrial base stations into the

` LMSS mobile rece i ve band. Unless regulations are changed (requiring

suppression of these interferences), the channel "choices" of LMSS mobiles

operating near SRM or cellular base stations can be severely curtailed

(reversing the uplink and downlink satellite bands eliminates this problem).

Transponder gain also is large (inherent in a mobile system) and care will be

needed to provide good shielding and to avoid passive intermodulation

effects.

Transmitter efficiency at UHF is assumed to be 35% based on Class AB operation

which appears to result in intermodulation (C/I) in the 20-25 dB range. This

assumption is based on an industry survey of manufacturers which however

indicated a substantial spread in expectations.

GE developed a Class C bipolar design *achieving efficiency in the range of

50-60% at 260 MHz at a 100 watt level with C/I (predicted and measured) of -20

dB. This is probably marginal with regard to C/I, and of course lower

efficiences will be obtained at 800 MHz. A new bipolar amplifier for INMARSAT

(spacecraft procurement in 1983) resulted in an efficiency of 28% using 9 watt

modules (50-100 watts total), with a C/I = -21 dB, American manufacturers

predict 30-50 watts per device and efficiencies in the range of 35 to 45% for

C/I = 20 dB or better, based on existing transistors.

*

	

	 GE Technical Information Series No. 72SD266 - "Advanced UHF Spacecraft
Transponder Development".
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4.2.I.s SiynalIing and Switching and Network Control

The basic access methoa assumed for the study is single channel per carrier

(SCPC), or FOMA, with individual channels assigned on demand by a centralized

NetwurK Uperdtion Center	 (NUC).	 Conventional	 telephone	 signalling	 is

assumed. In a single beam satellite system the signalling and access is

greatly simplitieu beCduSe all gateways and all mobiles and the NOC share the

same bona of frequencic^ and the same satellite beam.

Pus itive NUC control is proviaed, and capacity requirements for cuimuon

signalling channels are reduced if the signalling is only between the NUC and

gateways ana between the NUC and mobiles (e.g. no gateway-mobile signalling).

Then, the outgoing NUC messages are efficient TOM on dedicated channels. The

incoming NuC messages from gateways and mobiles are contention access "slotted

ALOHA", however, mobiles contend only with mobiles and gateways contend only

with gateways. In a practical system the channel slots surrounding the

signalling channel(s), and cu-channel orthogonally polarized channel slots

will probably be left vacant to avoid interference to signalling.

In this arrangement the NUC has access to both UHF (signalling to gateways)

and S-Band (signalling to mobiles), required because the single beam satellite

has only UHF/S-Band frequency translation. Alternatively (as is required for

inultibeam operation), the NOC can signal only at S-Band, and the gateways can

be equippea for both S-Band ana UHF operation. Of course, the NOC operates

with both satellites, as ao some gateways. Figure 4.2-5 depicts the

signalling arrangement, frequency and routing plan.

Table 4.2-1 is an estimate of signalling channel bits for the four signalling

M aths. The address may be individual or that of a "fleet". Bits are included

for contrulling mobile ana gateway power amplifier levels, identifying power

aria bandwidth requests; special standard messages (for example, a priority

claim or notice of defective ryuipment), and, for gateways, a 20 bit earth

station status message. Twelve bits are included in outgoing NOC messages to

identify 4096 channel slots (10 MHz divided by 4 KHz is 2500 maximum slots).

Note that both FM and SSB have provisions for in-band signalling. In a

practicdl system the outgoing signalling channel will likely have a high CNR.

However use of BPSK, rate 3/4 convolutional coding with hard decision, is

F'	 4-22	 WPC-0112M-15M	 h ^'



FREOUENCV PLAN

UHF UL	 1011	 DL
SAT I	 PI © P1
SAT 7 ^ P1 © PI

/SAT \
q

5-BAND DL	 5 BAND UL
SAT I [^ 

PI © P1

SAT 7 11̂  P , ^^ PI

CSC CHANNEL PLAN

lA 7A

Y CSC CHANNELS
8 BLANK CHANNELS

MOBILL USER

u MOBILE NBC	 SLOTTED ALOHA/TOM w UHF 5 BAND
NOC MOBILE	 TDM	 P 5 BAND UHF

NO MOBILE GATEWAY SIGNALLING
GATEWAY NOC SLOTTED ALOHA/TDM a UHF 5 BAND
NOC GATEWAY	 TDM	 N 5 BAND - UHF

Figure 4 . 2-5. Concept A Common Signalling Channel Arrangement

Table 4.2-1. Concept A Common Signalling Channel Requirements, Voice

ID

MOBILE-NOC NOC-MOBILE GATEWAY NOC NOC-GATEWAY

34 -- 34 -

ADDRESS 34 34 34 12

CARRIER LEVEL 3(CSC) 3 (HPA LEVEL) 3 (CSC) 3 (HPA LEVEL)

POWERIBANDW I DTH NEEDED 2 - 2 -

CHANNEL SELECTION - 12 (4096 MAX) - 12

STATUS - - 20 -

SPECIAL STANDARD MESSAGES 3* 3 °° 3 ° 3 00

SYNC 20 20 20 20

SUBTOTAL 96 72 116 50

CODING (RATE 314) 32 24 39 17

TOTAL 128 BITS 96 BITS 155 BITS 67 BITS

° EXAMPLE - PRIORITY MESSAGE, ETC

EXAMPLE - YOU HAVE DEFECTIVE
EQUIPMENT, ETC.
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economical in equipment cost, and only requires d CNR of B dB for

BLR = lu -4 . This errur rate is more than adequate comparea to outages due

to blocking ano unattenuance.

In a single beam satellite the maximum call rate is based on 2500 available 4

,;Hz SSB trunk slots (in 10 MHz). For graoe of service of .01 (few calls are

rejecteu) anu assuming	 100 seconas per call,	 the call	 rate will be

approximately 25 calls per second during the busy hours. 	 If the signalling

channel rate capability is 12 KBPS toward the NUC, the throughput, for slotted

4 HLUHA is approximately 3 KBPS. Using gateway to NOC block capacity of 155

bits, oescribed in Table 4.2-1, the call response is 3 KBPS/155 bits per call

= 43 calls per second toward the NOC. This is more than sufficient because:

1. channel slots smaller than 4 KHz are not practicdl

2. not all trunks use SSB

3. not all trunks are demand assigned

The call response outward from the NOC is efficient TDM and its channel

capability is, therefore, much higher.

Note that signalling channel requirements for multibeam satellites are

different. This capacity is

K 
4	

where

R = single beam signalling channel requirements

(different for NOC "in" and NOC "out")
N -- number of beams

i	 uerivea considering	 that only one fourth the single beam capacity	 is	 available

per	 beam.	 Thus	 a	 12	 beam	 satellite	 requires	 a common	 signalling	 channel

capacity	 which	 is	 three times	 that	 of	 the	 single beam	 satellite;	 a	 hundred

beam	 satellite	 requires 25	 times	 the	 single	 beam capacity.	 This	 capacity	 is

r	 neglecteu	 in the traffic capacity estimates fcr the various	 satellites.

^^ k

E

F'

F
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(he gateway block diagram, given in Figure 4.2-6, describes an S-Band only,

typical SCPC configuricion with channel assignment on demand. Redundancy is

not shown and probably is not needed. THe gateway operates on either

polarization plan, but with a single satellite. The common signalling channel

is available at all times (for frequency stabilization, AGC etc), and of

course, in band si gnalling is available during "conversations".

4.2.1.4 Weight and Power Summary

Figure 4.2-7 summarizes the antenna and receiver subassembly weights and

powers for Concept A. Figure 4.2-8 summarizes the transmitter subassembly

weights and powers based on the nominal performance parameters. The UHF

antenna peak gain is 28.2 dB, and the average gain over the beamwidth is

estimated to be 26.7 dB. Considering 1 dB output loss, CFM (15 KHz centers)

ano a 4 dB VOX factor and 35% overall efficiency the total UHF transmitter

power is 174 watts, as derived at the bottom of Figure 4.2-8.

MAXIMUM SATELLITE CAPACITY ° 25004 KHz SSB TRUNKS (l BEAM SATELLITE ONLY)

GRADE OFSERVICE 	 - 0.01

AVERAGE CALL	 = 100 SECONDS

CALL RATE, TYPICAL	 = 25 CALLS PER SECOND DURING BUSY HOUR (MAXIMUM)

r	 CSC RATE	 12 KBPS (RAW RATE) - (TDM THROUGHPUT FROM NOC)

'R	CSC THROUGHPJT	 3 KBPS (SLOTTED ALOHA), TOWARD NOC

CALL RESPONSE	 =	 3 KBPS	 x 2 = 46 CALLS PER SECOND (2 CSC LINKS)
128 BITS/CALL

• NOT ALL TRUNKS ARE SSB
• NOT ALL TRUNKS REQU IRE S IGNALLING (TPL, ETC.)
• 2500 MAXIMUM CHANNELS PER BEAM IS PERTINENT ONLY TO 1 BEAM SATELLITE
• 100 BEAM SATELLITE REQUIRES INCREASED CSC CAPACITY OF 6.25 TIMES
• 12 BEAM SATELLITE REQU IRES INCREASED CSC CAPAC ITY OF 314 TIMES

NOTE:

SIGNALLING FOR DISPATCH (AUTOMATIC DIALING) IMPROVES SATELLITE UTILIZATION,
PARTICULARLY FOR SMALL NETWORKS, AND PARTICULARLY FOR MULTIBEAM SATELLITES.
SHORT STANDARD (ROUTING) MESSAGES COULD BE PACKETIZED FOR TPL OPERATIONS

Figure 4.2-6 One Beam Satellite, Common Signalling Channel
Requirements Voice
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_---- ---- -	 --_-V_ TOTAL TOTAL --
ECLIPSE DAYTIME

UNIT WT TOTAL WT POWER POWER
ATTENNA ASSEMBLY QUANTITY LB LB WATTS WATTS_

1 30 0REFLECTOR	 (12') 30 0
DIOCHROIC L FEED ASS"Y (SLUHF) 2	 4	 3	 1 0.2	 6	 1 2 0 0
SUPPORT 6 DEPLOYMENT I ASSY 20 20 0 0
OMT ISLUHF) 2 0.2 0.4 0 0
MISC/CONTINGENCY 5.2

SUBTOTAL 51.6 LEIS

UHF RECEIVER ASS'Y

CABLES/WAVEGUIDES I SET 0.5 0.5
POL SWITCH 1 0.1 0.1 -
PRESELECTOR FILTER 1 4.3 4.3
LNA 4 SWITCH 2 1.4 2.8 1.0 1.0
INPUT FILTER 1 5.4 5.4 0
IFA I1 1 2.0 1.5 1.5
UPCONVERTER ASS'Y 2 0.5 1.0 0 0
LO 6 SWITCHING 3 1.7 5.1 3 3
MISC/CONTINGENCY 1 SET 2.1 0.6 0.6

SUBTOTAL 23.3 LBS 6.1 WATTS 6.1 WATTS

S BAND RECEIVER ASS'Y

CABLES /WAVEGUIDES 1 SET 0.5 0.5
POL SWITCH 1 0.1 0.1
PRESELECTOR FILTER 1 1.4 1.4
LNA 6 SWITCH 2 1.4 2.8 1.0 1,0
INPUT FILTER I 1.8 1.8 -
SWITCHES, REDUNDANCY N/A -- -- - -

LO 6 SWITCHING N/A - -- - -

DOWNCONVERTE . ASS'Y 2 0.5 1.0
MISC/CONTINGENCY 0.8

8.4 LBS

0.1

1,1 WATTS

0.1

1.1 WATTSSUBTOTAL

Figure 4.2-7. Concept A Antenna and Receiver Weight and Power
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ANTENNA ASSEMBLY QUANTITY
UNIT WT

LB
TOTAL WT

LB

TOTAL
ECLG'SE

POWER
WATTS

TOTAL
DAYTIME

POWER
WATTS

UHF TRANSMITTER SECTION
CABLES, WAVEGUIDES 1 SET 1.0 1.0 -

NOTCH FILTER 1 5.4 5.4 i

OUTPUT FILTER 1 5.4 5.4

POWER AMPLIFIER 2 1.6 3.2 124 497

PA SWITCHING 2 0.3 0.6

ATTENUATOR 2 0.1 0.2

SWITCHES (REDUNDANCY) 2 0.1 0.2

MISC/CONTINGENCY 1.6 12 50

SUBTOTAL 17.6 LBS 136 LBS 547 WATTS

S BAND TRANSMITTER SECTION
CABLES, WAVEGUIDES 1 SET 1.0 1.0

NOTCH FILTERS 1 1.8 1.8 -
OUTPUT FILTER 1 1.8 1.8
POWER AMPLIFIER 2 0.62 1.24 11.6 11.6

PA SWITCHING 2 0.3 0.6
ATTENUATOR 2 0.1 0.2
SWITCHES (REDUNDANCY) 2 0.1 0.2 -
MISC/CONTINGENCY 0.7 1.2 1.2

7.5 LBS 13 WATTS 13 WATTS

G(UHF) = 28.2 dBI PEAK, AVERAGE GAIN = 26.7 dB
G(S) = 27 dBl MIN	 28.5 dBi AVERAGE (LITTLE SHAPING)

P(UHF) = 23.9 dbw + 10 LOGS + 1 - 26.7 - 4 = 22,4 dBw (174 WATTS)

DCP(UHF) = 174/0.35 = 497 WATTS (258 OR 124 WATTS DURING ECLIPSE)

W(UHF) = 0.75 + 0.25 P(SU F) = 1.6 LBS

Figure 4.2-8. Concept A Transmitter Weight and Power
	

p
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Similarly, the S-Band transm lter power and weight also are derived in

a	 Figure 4.2-8.

Figure 4.2-9 summarizes two additional cases, Case Al wherein satellite power

UHF is increased by 5 dB, and Case A2 for a 10 dB increase. This range of

power represents choices in system performance (e.g. margins) which cannot be

defined accurately, and for choices in various system parameters, such as

mobile vehicle antenna gain, which need to be evaluated parametrically.

Figure 4.2-9 summarizes the payload weight and power for cases A, Al and A2

and convErts these into spacecraft in-orbit, beginning of life mass. The

payload as defined represents 45% of total space weight (mass) based on 7 year

life, full north/south station keeping and partial eclipse capability (25% of

daytime capability). It may be noted that spacecraft weight is relatively

soaall for the spacecraft power generated principally because the transponder

arrangements are simple and Lie solid state power amplifiers are relatively

light weight. A 10 dB increase in UHF power increases satellite weight by

246%.
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4.2.2 SATELLITE CONCEPT B

4.2.2.1 Frequency Plan, Beam Plan and Capacity

Concept B is a moderate capacity LMSS based on 1990 technology. Concept B

provides 12 beams of which 10 illuminate CONUS as illustrated in

Figure 4.2-10. A typical frequency plan is given in Figure 4.2-11, showing

the same UHF b,, nd, now segmented 4:1 to provide frequency reuse, and showing

an expanded use of S-Band to provide capacity despite a single S-Band beam.

Dial-up voice and wideband data links are still between the mobiles and

gateways (via the satellite) however signalling channels and the interactive

data service always use the NOC as one end of the link. No on board switching

is required. The capacity per satellite, for a total usable bandwidth of 30

MHz is 2000 15 KHz FM trunks or 7500 4 KHz SSB trunks.
k

Figure 4.2-10. Concept B Antenna Coverage
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4.2.2.2 Transponder Arrangement

The transponder arrangement in Figure 4.2-12 depicts the principle

arrangement. Signals received at the satellite in each 2.5 MHz UHF segment

are amplified and then frequency translated to S-Band such that the 12 2.5 MHz

segments are contiguous. The converse is true for the 5-Band receive spectrum

which is amplified, downconverted to UHF, and channelized into 2.5 MHz

segments which are then individually amplified. Redundancy is 16/12 for UHF

receivers and transmitters, 211 for S-Band receivers and transmitters and 6/3

for the upconverters and downconverters.

As for Concept A, Concept B power amplifiers are linearized, probably class AB

bipolar transistors and the low noise amplifiers are GaAsFets. The LO

frequencies will likely be ground controlled. Each of the 12 channels has

gain drift compensation. The filtering problem is the same as for Concept B,

however, the multiple beams "magnifies" the importance of the various bandpass

and bandstop filters required for diplexing.

4.2.2.3 Signalling andand Switchingand Network ControlControl

SCPC (FDMA) operation is retained, and channel slots are individually assigned

by the NOC, as for Concept A, (each gateway has access to all the UHF beams

via FDMA access). However, the NOC can be located only in one of the 12 UHF

beams, and has access to only 1 of 4, frequency segments. The simple

UHF/S-Band translation in the satellite can be maintained by operating the NOC

only at S-Band. Mobile-NOC signalling (and interactive data) is the same as

Concept A, however signalling and interactive data exchange to the gatewa; e ! is

maintained by adding low cost UHF capability to the gateways - basically the

RF portion of the UHF mobile vehicle equipment. Consequently, the NOC

operates only at S-Barr, but each gateway operates at S-Band and UHF. The NOC

still operates with both satellites. Two channels per UHF beam (NOC-mobile

and NOC-gateway) are still sufficient for signalling. The network arrangement

w for signalling and interactive data exchange is illustrated in Figure 4.2-13.

Figure 4.2-14 depicts the UHF/S-Band gateway wherein the signalling (to the

NOC) is accomplished at UHF.

The multibeam satellite eliminates the dispatch mode of operation for

dispersed networks such as transportation. In a one beam satellite a simplex

C	 operation might serve. However, in a multibeam system the calls are addressed

{	 to other beams and to maintain channel efficiency, these channels will likely

f
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Figure 4.2-13. Concept B Common Signalling Channel Arrangement

be shared with others, requiring duplex operation with signalling. For short

messages, typical of dispatch, the signalling and switching time, measured in

one round trip through the satellite or approximately 0.3 seconds, might

reduce channel efficiency. Dispatch traffic might be more efficient if short,

routine messages could be handled via the interactive data system and the dial

up trunks used only for those calls requiring more extensive conversation.

Otherwise Concept A and Concept B are operationally similar.

4.2.2.4 Weight and Power Summary

Figure 4.2-15 summarizes the weight and power for the antenna and receiver

subsystems, and Figure 4.2-16 for the Transmitter Subsystems. Weight and

power summaries are listed in Figure 4.2-17 for the nominal case (B), and for

the nominal case with 5 dB more UHF power (B1), and with 10 dB more UHF power

02). A significant portion of the transponder weight is devoted to the

filter network, for the reasons stated previously. Power requirements are

quite modest for the three cases due to the high gain spot beams, and

therefore satellite weight varies only 14% for a 10:1 change in UHF power.
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C.

r

TOTAL
TOTAL ECLIPSE DAYTIME

UNIT WT. TOTAL WT, POWER POWER
QUANTITY LBS LBS WATTS WATTS

ANTENNA ASSEMBLY

REFLECTOR	 1 51') 1 108 108 - -

FEED ASSEMBLY, UHF 12 0.2 2.4

FEED ASSEMBLY, S-BAND 8 1.0 8.0 -
DIOCHROIC PANEL 1 10.0 i0

OMT (U+S) 12	 #	 8 0.2 4.0 - -
SUPPORT 30 - -

MISCICONTINGENCY 16.2 -

SUBTOTAL 179 LBS 0 0

UHF RECEIVER ASSEMBLY

POL. SWITCH 12 0.1 1.2 -
INPUT FILTER/TRANS REJ. 12 5.4 64.8

RING SWITCH (COAX) 32 0.2 6.4 -- -

LNA 16 1.2 19.2 12 12

IFA 16 1.0 16.0 18 18

ATTENUATOR 16 0.1 16.0 -- --

SUMMER 3 0.1 0.3 -- --

CABLES 6 WAVEGUIDE 1 SET 8 8.0 -- -

MISC 6 CONTINGENCY -- 13.2 3 3

SUBTOTAL 145 LBS 33 WATTS 33 WATTS

5-BAND RECEIVER ASSEMBLY

POL. SWITCH 1 0.1 0.1 -- --

1NPUT/TRANS REJ.	 FILTER 1 1.8 1.8 --

LNR 2 1.2 2.4 1.0 1.0
IFA 2 1.0 2.0 1.5 1.5
SWITCHES (RECEIVE) 2 0.1 0.2 -- --

DIVIDER 1 0.1 0.1 -- -

RING SWITCHES 12 0.2 2.4 -- --

CONVERTERS (6/3) 6 0.5 3.0 -- --

LO'S 6 1.5 9.0 9 19

CHANNEL FILTERS (UHF) 12 7.3 87.6 -- -
CABLE 6 WAVEGUIDE I SET 0.5 0.5 --

MISC t CONTINGENCY -- 11.8 -- 1.1

SUBTOTAL 120.9 LBS 12.6 WATTS 12.6 WATTS

Figure 4.2-15. Concept B Antenna and Receiver Weights and Powers
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4.2.3 SATELLITE CONCEPT C

4.2.3.1 Frequency Plan, Beam Plan and Capacity

Concept L is similar to Concept B except for the larger number of beams (31).

Loncept L is the highest capacity satellite capable of utilizing a single

S-Bane beam. Concept C provides a total capacity of 77.5 MHz or 5167 15 KHz

trunks or 19375 4 KHz trunks. Operation is the same as for Concept B. A

frequency plan is given in Figure 4.2-18.

4.2.3.2 Transponder Arrangement

The transponder arrangement is the same as for Concept b based on simple FDMA

anu frequency translation, except for the larger number of beams, transponders

etc. and higher power, and the reader is referred to Figure 4.2-12 (Concept 8)

for a description.

4.2.3.3 Signalling, Switching and Network Control

These functions are identical to Concept b except for the higher signalling

channel capacity required, e.g. 31/4 = 7.75 times the capacity of Concept A.

i

L

821 MHz	 831 MHz	 866 MHz	 876 MHz

P1 OR P2 ®	 `P2 OR P1
2.5 MHz

^35 MHz i^	 77.5 MHz

P1 OR P2	 \._1	 Zj_T_T_T7j P2 OR PI
2500 MHz	 2577.5 MHz 2612.5 MHz	 L 2.5 MHz	 2690 MHz

y	 • 31 UHF BEAMS
• 1 S-BAND BEAM
• BANDWIDTH = 31 x 2.5 MHz = 77.5 MHz PER SATELLITE.
• NO ON-BOARD SWITCHING

Figure 4.2-18. Concept C Frequency Plan

r
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4.2.3.4 Weight and Power Summary

Figure 4.2-19 summarizes the weight and power for the antenna and receiver

subsystems and Figure 4.2-20 for the transmitter subsystems. Antenna and

filter weight are the dominant weight items; the weight impact of power, with

regard to amplifier weight and solar arrays and batteries is relatively small

for C, Cl and C2. Weight and power summaries for C, Cl and C2 are given in

Figure 4.2-21 for the three power levels, e.g. nominal, +5 dB and +10 dB.

Over a power range of 10 dB, spacecraft total weight varies only 11%.

f

's

k
r
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a^

M

TOTAL
TOTAL ECLIPSE DAYTIME

UNIT WT TOTAL WT POWER POWER
QUANTITY LBS LOS WATTS WATTS

NTENNA ASSEMBLY

REFLECTOR (86 FT) 1 192 192

FEED ASSEMBLY, UHF 31 0.2 6.4

FEED ASSEMBLY, 5 BAND 0 1.0 8.0

DIOCHROIC PANEL 1 10.0 10.0

OMT (UHF, 5 BA D) 31	 ,	 0 0,2 7.8

SUPPORT i ASS'y 40 40.0 -

MISC, CONTINGENCY 26.4

SUBTOTAL 29' LBS 0 0

HF RECEIVER ASSEMBLY

POI SWITCH 31 0.1 3.1

INPUT FILTERITRANSMIT
RE1. FILTER 12 5.4 64,0 --

RING SWITCH (COAX) 80 0,2 16.0 --

LNA 40 1.2 48.0 31 31

IFA 40 1.0 40.0 46.5 46.5

ATTENUATORS 40 0.1 4.0 -

SUMMERS 8 0.1 0.8 --

CABLES 6 WAVEGUIDE I SET 20 20.0 --

RISC. 6 CONTINGENCY 19.7 /.0 7.8

SUBTOTAL 216.4 LBS 85.3 WATTS 85.3 WATTS

BAND RECEIVER ASSEMBLY

POL SWITCH 1 0.1 0.1

INPUT/TRANSMIT REJ.FILTER 1 1.8 1.8

LNR 2 1.2 2.4 1.0 1.0

IFA 2 110 2.0 1.5 1.5

SWITCHES (RECEIVER) 2 0.1 0.2 --

DIVIDER 1 0.1 0.1

RING SWITCHES 12 0.2 2.4 - -

CONVERTERS (12/8) 12 0.5 6.0

LO's	 (16/8) 16 1.5 24.0 24 24

CHANNEL FILTERS (UHF) 31 7.3 226.3 - -

CABLES 6 WAVEGUIDE 1 SET 1.0 1.0

MISC. _
SUBTOOTALINGENCY - _

2y2.9 LBS 29 WATTS _29 WATTS

r

Figure 4.2-19. Concept C Antenna and Receiver Weight and Power
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UHF TRANSMITTER ASSEMBL'

RING SWITCHES

ATTENUATORS

IFA
PA

PA SWITCHING

DIPLEXER

NOTCH FILTER

CABLES 6 WAVEGUIDE
MISC G CONTINGENCY

SUBTOTAL

SBAND TRANSMITTER ASSEA
RING SWITCHES (CONVER

UPCONVERfERS (12/8)
LO'S (16/8)

SWITCHES

PA

PA SWITCHING
DIPLEXER

NOTCH FILTER

CABLES 6 WAVEGUIDE

(	 MISC. 6 CONTINGENCY

SUBTOTAL

QUANTITY
UNIT WT

LBS
TOTAL WT

LB S

TOTAL ECLIPSE
POWER
WA1"TS

TDTAL
DAYTIME
POWER
WAITS

-80 0.2 16.0 -

40 0.1 4.0 -- -

40 1.0 40.0 46.5 46.5

40 0.76 30.4 26.5 106

40 0.2 8.0 ---
31 5.4 167.4 - --

31 5.4 167.4 - --
1 40.0 40.0 - -

-- -- 47.3 7.3 15.3

521 LBS 00 WATTS 168 WATTS

BLY

TIERS) 32 0.2 6.4 -- --
12 0.5 6.0 -- --

I6 1.5 24.0 24 24

1 0.1 0.2 -- --

2 0.74 1.5 17.8 71.3

2 0.1 0.4 -- --

1 1.8 1.9 -- --

1 1.8 1.8 -- --

1 SET 310 3.0 -- --

-- -- 4.5 4.2 9.5

49.6 LBS 46 WATTS 104.8 WATTS	 J

G(UHF) = 45.2 dBI, PEAK; AVERAGE GAIN = 43.2 dBI
P(UHF) - 23.9 + 2 + 10 LOG 2.5M/15K - 43.2 - 4 = 0.92 dBw - 1.2 WATTS
P ^(DC) = 31 x 1.2/0.35 = 106 WATTS
W(UHF) = 0.75 + 0.25 1.2/50 = 0.76 LBS

G(S) = 31 dBI, AVERAGE GAIN = 29.5 dB1
Ps =8.2+37.1 + 1.5- 29.5- 4= 13.3 dBw	 21.4 WATTS
Ps(OC) = 21.4/0.3 = 71.3 WATTS
IN(S) = 0.6 + 0.2 21.4/30 = 0.74 LBS

Figure 4.2-20. Concept Transmitter Weight and Power
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4.2.4 SATELLITE CUNCEPT U

4.2.4.1 Frequency Plan, Beam Plan, Switching Plan and Capacity

Concept O is a 100 beam high capacity LMSS with the fixed link at S-Band,

making use of a multibeam S-Band antenna system. Signals must now be routed

between UHF and S-Band beams, and on board switching is needed to establish

the specific routing needed. Figure 4.2-22 depicts a UHF beam plan showing 97

beams, 0.41 0 each, covering CONUS. The other beams cover the Alaska, Hawaii

and Puerto Rico. The frequency plan depicted in Figure 4.2-23, is based on

9
	

4:1 segmentation of the UHF and S-Band allocations. The S-Band plan is based

on a 1U MHz bandwidth divided into four 17.5 MHz segments; each 17.5 MHz

segment is equivalent to seven 2.5 MHz UHF segments. The UHF bandwidth

resulting is 2.5 MHz X 100 = 250 MHz; equivalent to 16667 15 Khz trunks or

625UO 4 KHz trunks, (less an allowance for filtering).

Figure 4.2-22. Concept 0 Antenna Beam Coverage
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Since the S-Rana multiueam antenna is large, around 17 feet, a configuration

1	 combining the two apertures was investigated, in order to save weight and

achieve a simpler spacerratt configuration avoiding the deployment and

pointing of two individual el.ertures. Since different numbers of beams are

required at UHF and at S-Band it is not practical to "interleave" the two feed

arrays. An alternative is to use a diochroic element transparent to UHF

energy but reflecting S-Band energy thus establishing an additional focus at

Fs, as depicted in Figure 4.2-24. The resulting antenna configuration is not

attractive, however, because the large F/D required for good side lobe

performance at UHF requires excessively large S-Band feeds - the S-Band feed

array is larger than the S-Band effective aperture.

4.2.4.2	 transponder Arrangement

It appears that a full switching capability is i,dicated in view of the

uncertainty :onnected with the routing of the various services. Like the

fixed services, mobile radio users also are concentrated in urban centers,

areas of high population density and high activity. Fixed service satellites
essentially provide communications between these urban centers, primarily over

the longer routes. In mobile radio however, the bulk of the traffic is local

to the urban centers (radio telephone) or short range (trunking), so that the

LMSS portion of this traffic distribution cannot be obtained by analogy with

the fixed services. For example, trucking routes are primarily between major

centers, and communications along the route is important to this industry.

However, a "snapshot" of truck density at any particular time will likely show

concentrations near urban centers (source and destination of loads).

Consequently Concept D does not assume a priori knowledge of the beam routing

(an alternative configuration, E avoids on-board switching by using Ku-Band

with a single antenna beam for the tixed links).

The FUMA hierarchy should accommodate any mix of service bandwidths, 4 KHz, 15

KHz or JU KHz (these may be placed in homogeneous groups within the spectrum

however to control intermodulation effects), and any mix of carrier power, on

demand.	 Switching is needed, particularly because of the limited bandwidth
k1

available. For example, each 2.5 MHz UHF segment can contain only 625 4 KHz

channel slots or 166 15 KHz channel slots, or some mix thereof. These channel

slots can have 15 possible destinations (the 15 S-Band beams) or an average of

	

'x	
42 4 KHz slots per route or 11 15 KHz slots per route, or some mix thereof.

	

"	 The same is true in the reverse direction (S-Band to UHF) because the larger
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ki I

beam bandwidth, (and traffic capacity) must be divided into 100 routes (per

S '.and beam). Since access in this concept is strictly on an FDMA basis (the

destination beam or route is determined only by the frequency of the uplink

carrier) the on-board channelization defines routing bandwidths necessary to

provide the network connectivity - this is not directly related to the carrier

bandwidths. For example 2.5 MHz divided into 15 possible routes results in

167 KHz per route. This route bandwidth however also is a measure of the

spectral efficiency of the FDMA system since each route, in this case, can

oily be trimmed to within 167 KHz (a single carrier required from UHF beam i

to S-Band beam kk requires a 167 KHz allocation for a 4 KHz signal) - this

removes bandwidth that might be needed on another route. On the other hand,

if the routing bandwidth is too small, the number of channelization and

switching elements increases substantially. Of course, the minimum routing

bandwidth available must not be smaller than the largest bandwidth signal.

While a detailed study of traffic and service patterns is needed to select the

optimum channelization plan, a reasonable compromise is the following:

each 2.5 MHz segment is divided into:

17	 112 KHz routes (1904 KHz total)
13	 28 KHz routes (364 KHz total)

resulting in a spectrum utilization of 90%, with 30 routes per beam to be

allocated amongst 15 possible routes, with an incremental bandwidth of 28 KHz

(+ 14 KHz) for trimming. Each route handles multiples of 4 KHz. The UHF and

S-Band receivers each contains 100 X 30 = 3000 routing channels. A single

multipoint LSI switch is ,visioned. It should be noted in passing that both

receivers access the same switch so that it is possible to set up UHF to UHF

routes e.g. mobile to mobile communications. The FDMA arrangement is

described in Figure 4.2-25.

Each UHF receiver amplifies the 2.5 MHz band of signals and downconverts this

band to a convenient IF for channelization. Channelization filtering via

light weight SAW filters and switching via a CMOS-SOS LSI crosspoint switch

matrix are convenient in the 10-50 MHz region. It is important, because of

the number of channelization and switching units involved, that the functions

of these be kept to a minimum to save weight and power. Thus all

amplification should occur before channelization or after dechannelization,

and only one channelization filter is needed; dechannelization does not

require a channel filter.   

t
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N

ry	 M

J

.N-•	 W
Z

IQ/1
w	 C	 x K Z W

= jZ
()

d' K C LL'
U

Q
Z

U Q
U

0 LnLL S j
F -

lllli^^q
a0

Hill =U
^ W
J

I 

i^
amw

Omz 
Q ^

Z F'
Q^
T Q

SG N WIL

m —. _

x
~xt

x
w F-x	 ^-% y

M
^
O

O
3

w
~

~ ~ w 1- F ^F o° H O
D W

z
z

N )
1

O N
=

0•	 •	 •	 F a J J ^.J lj
w Z FW w p_ . In

W Z^ Z ... Z Q=
N N

O mx01- U
xQ
U h

mUN
N

W

da
z
ui

m
=	 I-
S =p =^

N
xy

W t/1
R'FW

z
Q

is
N

=YUpi Y pp S	 o Q]=
U
LU

M m
ui	

0N a..
my

!	 M F
= 'sN QNIO ^SN

Y px • • x•• Y

U U J app LL
Q Q W	 N
W W

z

U

I

N0.
vuC
OU
L
d.Q

c
CL
to
to
L
H
O
N0d
uc0
U

Ln
N

1
N

L
c
rn

U-

4

oft °a Q w ri
	

4-49
	

WPC-0112M-15M



q
The diagram illustrates a single crosspoint switch matrix fed by both UHF and

S-Band receiver systems. Each FDMA channelization network contains the 30

routing filters per 2.5 MHz allocation.

AI

Figure 4.2-26 illustrates the channelization functions. It is assumed that

sufficient signal levels can be maintained to avoid amplifiers and other

extraneous elements so that the channelization unit functions are limited to

(1) frequency translation (down and up), (2) channelization (once), and

(3) switching, to minimize weight and power. Weight and power considerations

' also argue against redundancy in the channelization and switching systems.

First because the units, as defined above, will have a high reliability, the

SAW is a passive device and the mixer can be quad-redundant. Second the

system will tolerate a significant number of failures.

u
For example, loss of a switch connection via an open merely prevents an i-,i

route fro!.i being provided (this route can be provided by another channel unit

using different switch points). Loss of a switch connection via a short makes

that i-,j route a fixed route. Thus, as the switch fails, flexibility slowly

r
degrades. Loss of a channel unit (a mixer failure), loses bandwidth/capacity

but again, flexibility slowly degrades. The LO signals for channelization can

be generated from a comb synthesizer whose weight and power are not

significant.

Technology for channelization and switching is discus-ed in references (1) and

(2). In summary the mixer can be a gallium arsenide beam-lead Schottky diode

in a balanced configuration, channel filter is a SAW and the switch can be a

crosspoint or tandem switch CLOS type. Use of the latter results in less

switch points but the former contains a higher degree of redundancy. The CLOS

switch and CMOS-SOS technology is assumed for this study.

c	 4.2.4.3 Signalling, Switching and Network Control

Access is still provided by FDMA. Normally the on-board switching is set to
a

	

	
emulate the requirements of the busy hour. Thus the on-board switches are not

changed unless the traffic exceeds the available bandwidth on a given route,

k	 causing excessive blocking, (deteriorated grade of service), or the long term

`t

	

	 evolution of the network changes. 	 Consequently, the basic SCPC/DAMA

architecture previously described is still used. Calls are established on

k
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request via the common signalling channel to the centralized NOC by the NOC

assigning channel slot pairs from an available pool. This then enables normal

in-band telepnone signalling to be used to complete the call connection. The

NUL controls the bandwidth and gateway HPA power levels assigned according to

We request and according to the availability.

Figure 4.2-27 illustrates the three basic signalling and communications

moues. Urdl-up vurce aria wioeuano data etc. are provided, as before, between

the gateways and the mobiles. Signalling is still between the NUC and

mobiles, and the NuL and gateways although the capacity roust now be increased

by 25 times that of the single beam Concept A case to handle the increased

signalling requirement. This can be accomplished by adding more identical

signalling channels (each private network is assigned to one of them) or

audiny one or inure laryer capacity signalling channels. However, each private

N

	

	 network has its own signalling channel, in each beam.	 A mobile selects its

beam by selecting the signalling Channel having the strongest signal, out of

the four available. It must communicate this selection back to the NOC so

Urat the NUL can page it when necessary. Gateway operation is the same as

before at UHF and S-Band. The NOC operates only at S-Band. The interactive

data system operates as before, with links between the mobiles and NOC and

c between the gateways aria NUL. Uirect packet communications between the

mobiles and gateways would be chaotic and inefficient because of tht multibeam

operation.

4.2.4.4 Weight and Power Summary

Figure 4.2-28 summarizes the weight and power requirements for the antenna and

UHF receiver assembly. The UHF receiver includes 30 channel units per beam,

or 3000 totdl, however the principle weight consists of the CLUS switch matrix

Which includes switching for both the UHF to S-Band and S-Band to UHF paths.

The actual switch point electronics consists of several transistors (reference

1 and 2) which must be biased "on" regardless of the switch state. Since the

power i s idrye it is tempt -Mg to shut down portions df, the sritcii during the

light traftic eclipse periods however it is not clear how this can be done.

4

;y
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III

Figure 4.2-29 summarizes the weight and power of the S-Band receiver

assembly.	 Figure 4.2-30 summarizes the weight and power for the UHF and

S-Band transmitters for the nominal performance situation. The power

amplifier weight is not significant compared to filters and other transmitter

elements. Figure 4.2-31 lists the transmitter power and weight estimates for

Case D (nominal performance), Case D1 (+5 dB), and Case D2 (+10 dB). The

total weight power summary for the three cases is given in Figure 4.2-32. The

antennas and UHF assemblies are substantial contributors to the total weight,

the switch matrix and the diplexing filters being the principle items. The

matrix switch a'ao is the significant contributor to the total power.

Spacecraft weight and power are insensitive to variations in link performance

because of the above considerations, e.g. the spacecraft weight varies only 3

percent over a 10 dB range in UHF link performance. Nevertheless, the Concept

D spacecraft is very large.

A, '

w

1
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CASE D

UHF GAIN = 51.9 dBi PEAK, 49.9 dBi AVERAGE

P(UHF) = 23.9 + 2 + 10 LOG 2.5/15K - 49.9 - 4 = -5.78 dBw — 0.264 WATTS

PP (DC) = 100 x 0.264/0.35 = 75 WATTS

U(UHF) = 0.75 + 0.25 0.264/50 = 0.75 LBS

CASE D1 (+ 5 dB)

P(UHF) = 28.9 + 2 + 22.2 - 49.9 - 4 = -0.78 (0.84 WATTS)

P M(DC) = 100 X 0.84/0.35 X 1.1 = 263 WATTS

W(UHF) = 0.75 + 0.25 0.84/50 = 0.75 LBS

CASE D2 (+ 10 dB)

P(UHF) = 4.22 dBw (2.6 WATTS)

PODC) = 100 x 2.6/0.35 = 817 WATTS

W(UHF) = 0.75 + 0.24 2.6/50 = 0.76 LBS

Figure 4.2-31. Concept D Transmitter Weight and Power Estimates
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4,2.5 CONCEPT D'

4.2.5.1 Introduction

Concept D, based on 100 UHF and 15 S-Band beams requires on-board switching

(with concomitant, substantial weight and power), because of the lack of

bandwidth at S-Band. This is, of course, a fundamental limitation of S-Band.

An alternative is to use Ku-Band; since the required bandwidth 2.5 MHz X 100 =

250 MHz, Ku Band is more than adequate. Ku-Band is preferred over C-Band

because Ku-Band avoids the C-Band orbital congestion, requires little

frequency coordination for earth stations, and because small low cost 3 meter

antenna systems, without tracking can be used. Fading is encountered, however

.999 availability at Ku-Band is achievable at 14 and 12 GHz with fixed margins

of approximately 15 dB ar.d 5 dB, adequate for all but the southeast. Power

diversity e.g. adaptation to a fade by increasing power, is probably not

required in the UHF to Ku-Band link because a simple fixed margin of 5 dB

should suffice. In the Ku-Band to UHF link, the gateway HPA can be designed

to compensate for the uplink fade by noting the fading on the downlink,

constant eirp, common signalling channel(s), and increasing the HPA drive

accordingly. Typical gateway/satellite link performance is described in Table

4.2-2. The nominal, unfaded 15 KHz carrier power at the gateway terminal

antenna is .44 watts. Considering 2 dB transmission loss, and 10 channels

with 10 dB fade margin the required power is 44 watts - not believed to be

F

	

	 overly expensive for a 10 trunk gateway. The downlink includes a 5 dB fixed

margin resulting in a total fade of 6.9 dB.

4.2.5.2	 Frequency Plan, Beam Plan and Capacity

Concept D' frequency plan is given in Figure 4.2-33. The total capacity is

the same as for concept D, e.g. 250 MHz or 16667 15 KHz trunks or 62500 4 KHz

trunks. The UHF beam plan is the same as Concept D, and, of course, a single

Ku-Band beam illuminates CONUS, (plus spots for offshore coverage).

4.2.5.3 Transponder Arrangement

The transponder arrangement is identical to that of Concept B (12 UHF beams, 1

S-Band '.eam) except for the 100 UHF beams and the use of Ku-Band instead of

S-Bann. Figure 4.2-34 depicts the arrangement.

i
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?	 Table 4.2-2. Nominal Satellite/Gateway Link Performance
for Concept D'

GATEWAY
TO SATELLITE

SATELLITE
TO GATEWAY

FREQUENCY 142SO MHz 11950 MHz

EIRP/CARRIER * 46.6 dBw 17.1 dBw

SPREADING LJSS (LOCAL VERTICAL), dB -206.6 -205.1

NOMINAL GEOMETRIC FACTOR, dB -0.5 -0.5

MISC. PROPAGATION FACTORS -0.5 -5.0

FADE SKY NOISE INCREASE, dB -- -1.9

ANTENNA GAIN, MIN, dBi 28 50.1

RECEIVED SIGNAL LEVEL, dBw -133 145.3

NOMINAL NOISE TEMPERATURE**, dB 	 K 28.0	 (635°K) 25.7 (370 K)

G/T	 dBi/K 0 24.4

CNo	 dB Hz 67.6 57.6

* 3 METER ANTENNA, G = 50.1 dBi OR 0.44 WATTS PER CARRIER

** NF = 3 dB, 0.4 dB LOSS

4.2.5.4 Signalling, Switching and Network Control

The operational features are the same as for Concept B except for the

implication of Ku-Band operation versus S-Band operation which principally

concerns the dual level operation of the gateway HPA to compensate for uplink

fading. While the signal levels required are locally generated it is believed

that the elevated HPA level should have NOC concurrence via the signalling

'DO'WNLINK	
6X2 SIGNALLING CHANNELS

^1 2 OR PI
I

866	 876

100 SEGMENTS

UPLINK

1 1 1 1 1 1 1	 1 1 1 jj='^jj 1 1 1 1 1 1 1	 P2 OR P1

14000	 14250

^UPLINK

P1 OR P2	 _I
1

821	 831

DOWNLINK

P1 OR P2^
11700	 11950

Figure 4.2-33. Concept D' Frequency Plan
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UHF ANTENNA

o-FEED 11	 S	 LNR

7 Ti
5

866 076 Mill T7 T
1 OMT 5 LN.'1 /I %

Y OMT S T3
LNR IOUY

5 OMT
S

LNR	
'

ĵprl J
1 ^1

TS

11700 11710

I

7 1

3
73

11700 17700 MII,

Ku 13V
S	 MT	 NTEN7

FEED

96	 OMT	 S	 ^ ,^,/')

97gHg9'--
966

1374

-976

999

100

T100

TI 971 931

T7
T3

T4.< P-V t

14000-14010

T5

071 931 MH,

LNR

T96

T97	 971 931
x

T 90	 ^	 14490-14500
^a

T99 

12190-
17700

14000 14500 MH,

NOTE: NO REDUNDANCY SHOWN
TIO	 ro 13669	 NO SWITCHING

EITHER POLARISATION
MOBILE-MOBILE MUST BE
DOUBLE HOPPED

Figure 4.2-34. Concept D' Transponder Concept

system to avoid capricious or mistaken interpretation of the fading conditions

(a momentary accidental reduction in the signalling channel level caused by

the NOC causes the whole network to increase HPA levels.) The NOC concurrence

prevents this. The gateway, of course, operates at Ku-Band and UHF, its block

diagram is the same as Figure 4.2-14 if Ku-Band is substituted for S-Band.

4.2.^.S Weight and Power Summary

Figure 4.2-35 gives the weight and power summary for the antenna and receiver

subsystems. Principle weight items are the UHF antenna and filters. Figure

4.2-36 depicts a block diagram of the Ku-Band transmitter assembly starting

with the UHF "summers", each of which adds the inputs of four UHF receive beam

signals. These are, in turn translated into the 11.7 to 12.2 GHz band to form

4-62	 WPC-0112M-15M
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a contiguous spectrum to each of the five Ku-Band "summers", each containing

50 MHz of the 250 MHz spectrum. Each 50 MHz spectrum is amplified by one

Ku-Band amplifier, in a 9/5 redundancy scheme, after which, the Ku-Band

amplifiers are multiplexed to form a continuous 250 MHz spectrum to be applied

to the Ku-Band antenna. The Ku-Band receiver is similar to the single beam

S-Bend arrangement of Concepts B and C. Figure 4.2-37 summarizes the UHF and

Ku-Band transmitter assembly weight and power. Figure 4.2-38 presents total

weight and power for Concept D', D' 1 ( i •5 dB UHF power) and D'2 (+10 dB UHF

power). A 10 dB increase in UHF power increases spacecraft weight only 2%.
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TOTAL
TOTAL ECLIPSE DAYTIME

UNIT WT TOTAL WT POWER POWER
QUANTITY LBS LBS WATTS WATTS

ANTENNA ASSEMBLY

UHF REFLECTOR 1 852 852 --

UHF FEED ASS'Y 100 0,2 20 -- --

Ku BAND REFLECTOR

I

-	 _----^ _---

1	 (4') 6.3 6.3 -
Ku BAND FEED ASS'Y 10 0.1 1.0 - --
OMT'S 101 0.1 10.1 -
SUPPORT 6 DEPLOYMENT 91 - -

MISC/CONTINGENCY 98

SUBTOTAL 1078 LBS 0 0

UHF RECEIVER

POL SWITCH 100 0,1 10.0 -- --
INPUT/TRANSMIT RE1 FILTER 100 5.4 540.0 -- --

RING SWITCH 250 0.2 50.0 -- --

LN A 125 1.0 125.0 100 100
IFA 125 1,0 125.0 150 150
ATTENUATOR 125 0.1 12.5 0 0
SUMMER 25 1.0 2.5 -- --

CABLES 6 WAVEGUIDE 1 SET 50 SO -- --

MISC/CONTINGENCY -- -- 91.4 15 15
SUBTOTAL 1006 LBS 265 WATTS 265 WATTS

Ku-BAND RECEIVER ASSEMBLY

POL SWITCH 1 1.25 1.25 -- --
INPUT FILIER 1 0.5 0.5 -- --

LNR 2 1.5 3.0 1.0 1.0
IFA 2 1.0 2,0 1.5 115
SWITCHES, RECEIVER 1 SET 1.35 1.35 -- -

DIVIDER 1 1.0 1.0 -- --
RING SWITCHES 70 0.3 21.0 -- --
CONVERTERS 35 0.5 17.5 -- --
LO'S 50 1.5 75.0 75 75

CHANNEL FILTER'S UHF 100 7.3 730.0 -- --
CABLES 6 WAVEGUIDE 1 SET 0.5 0.5 -- --
MISC, 6 CONTINGENCY -- -- 85.3 7.8 7.8

SUBTOTAL 938 LBS 85.3 WATTS 85.3 WATTS

Figure 4.2-35. Concept D' Antenna and Receiver Weight and Power
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Figure 4.2-36. Concept D' Ku Band Transmitter Assembly
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C

QUANTITY
UNIT WT

LBS
TOTAL WT

LBS

TOTAL ECLIPSE
POWER
WATTS

TOIAL
DAYTIME

POWER
WATTS

UHP TRANSMITTER ASSEMBLY

RING SWITCHES 252 0.2 $0.4 -

ATTENUATOR 125 0.1 12.5

IFA 125 110 115.0 150 ISO
PA 125 0.75 93.8 19 74
DIPLEXER 100 5.4 540 -
NOTCH FILTER 100 5.4 540 -

CABLES L WAVEGUIDE 1 SET 50 50 -

MISC. L CONTINGENCY 144.3 16.9 11.4
SUBTOTAL 1587.2 LBS 186 WATTS 146 WATTS

Ku BAND TRANSMITTER ASS'Y

RING SWITCHES (CONVERTER) 70 0.5 35.0 - --

UPCONVERTERS 35 0.5 17.0 - --
LO 'S 50 1.5 75.0 75 75
SWITCHES (AMPLIFIERS) 10 1.25 22.5 - -
MUX 1 10.0 10.0 -- -

PA (TWTA,	 + (d + ARC) 9 18 162 707 2122
IPA 9 2 18 25 25
SUMMERS 5 0.1 0.5 -- --
CABLES L WAVEGUIDE I SET 1.0 1.0- --
MISC L CONTINGENCY 34.2 81 212

SUBTOTAL -- 376 LBS 888 WATTS 2444 WATTS

.	 2.

UHF PA

Pu	 + 23.9 + 2 + 10 LOG 2, 5M/1SK	 49.9 4 5.8 dBw (0.26 WATTS)

Pu IDC) - IOOX 0.26/0.35 = 74 WATTS

WT	 0.75 + 0.25 0.26/50 = 0.75

Ku BAND PA

Pu - + 17.1 + 2.5 + 10 LOG 25OM/151( 	 28 - 4 - 29.8 dBw (954 WATTS)

5 191 WATT TWT'S IN PARALLEL	 PDC = 5 X 191/0.5 X 0.9 = 2122

3	 0.85 X 0.5 = 0.425

P DC = 1628

• 1/3 POWER DURING ECLIPSE LIKE

Fiaure 4.2-37. Concept D' Transmitter Weight and Power

WPC-0112M-15M4-66

a



tA tA
co m
J J

n n mw N M MM N w NN N

co m
J J

O f^	 N OM M	 b bM N	 N MN ry

m m
J J

w r	 N rM SM N N MN ry

L
to

7
N

i

0a
rz
rzm
N
NL
Of
,c

a

in

N
CL
a
UC
OU

ODM
IN
a
Ni
7DI

a
O

	

F	 Q I I

	

F V	 a a

	

l=7 
W	 0

w 3 Y U
3 ^ a in
Y W J J

	

¢ F•	¢ a

	

K F	 0 F
K ¢ O O

1

y A

LA N
F- F
F- F
a 4
3 m 3
NN J NrN N O

F11 N N

a I I
3 r r '°

o N
a X '^ X cm N w N
II M M IIO
a O N O °N

w N b w
o ° ry

'
N

F- K F- K N

a ° a ° c
i ° 3

It II i.
A^' II w N
c U n

^
n V n

^	 II Q = II Q °
r ^ N I Ia i
w a a 3 w a a iy
VI VI

a ¢
U U

V1

a
a

N O O Ob N N w O w
N Ql M w 4 n

'ti O N N T W O
_
N w N

Q b w w N O wN a^ w S Mr M

N
F•
r
¢

an e^" N o 0 o
F

wN N
I!!

M
ry w

w
o
n

w M
¢
3 ° w NQ b

ry
w N

a
N
w

O
a

O
w

r ry^

W

S
a
3
wN w O O r

w N w 00 ON w w a M
° o ^n 1'n m o a m n
Q ry w ^ w S b^- N

a
C m
C3 J

,r N w
N

ww
O wM N

w
w
w

N
P I

I.., Q O O O^ ^ M ^

V
W
3 m

J

M w W N w N i_
N O M w 0^ a^ IO o o m m M

N
m
J

° w
N

w
O

w
M

N
w

w
w

N
O^

IIQ o ° n ^ M ^

Y
J
m
L
W
m } Y } }

U
T J

a
¢

0¢ VI N
¢ V

w
w Oa ¢ ¢ H

Z Cc x F x Y m
W w F N N
F LL LL
Z i S 2 i 0 a	 coa O Y 7 Y S 8	 ^

4-67
	

WPC-0112M-15M

x



e
k

4-68

1

4.2.6 SUMMARY OF CONCEPTS

A summary of satellite concepts is presented in Figure 4.2-39. 	 UHF power

requirements for all FDMA concepts are quite modest compared to spacecraft

complexity and weight.	 The SS-FDMA channelization switch weight and po,.:Jr

makes this spacecraft singular in its spacecraft weight and power.
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4.3 SPACE SYSTEM INVESTMENT

4.3.1 COST ANALYSIS

4.3.1.1 Approach

The Land Mobile Satellite System costing involves three separate entities, the

space segment, (including satellites, launch vehicles, control center,

insurance and O&M),, the gateways, and the mobiles. It is useful to treat

these separately not only to simplify the comparisons with the all-terrestrial

system but because the economic motives for the three are quite different; for

example, each of these entities has different owners. The satellite is owned

and operated by a satellite carrier. The gateways can also be owned by the

same carrier or more likely by a local operator, a wireline or radio carrier,

a government agency or a company. The mobiles can be owned by individual

subscribers (or leased to them), as is the case for radio telephone, or owned

by a corporation or government agency. Each of these has his own economic

motives and each has his own performance objectives.

In this study the space segment costing methodology is based on first defining

various satellite concepts capable of satisfying the postulated market and

service demand, estimating their performance characteristics and thence weight

dnd power which in turn enables a cost estimate to be developed for each

concept. Satellite costs plus other costs such as for launch vehicles,

insurance, control center, various services etc. are then added together to

obtain the space segment investment. By dividing this investment by the

satellite nominal capacity the investment per standard equivalent trunk is

obtained. The standard equivalent trunk is defined as compandored SSB using 4

kHz bandwidth for the nominal performance case. The investment per trunk is

parametric with regard to the beam fill, the various satellite concepts

defined and the three levels of performance. Later, by estimating the number

of subscribers per standard equivalent trunk for the various services

contemplated, the total investment can be obtained for comparison with the

terrestrial system.

The investment also can be converted into a periodic subscriber charge by

considering a depreciation period, depreciation, expense, taxes, retc •n on

investment and interest, as well as the subscriber service demand and service

characteristic. This can be accomplished for various grades of service,
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	service mixes, peak to average factors and mobile G/T, which also can be

compared with the terrestrial system.

A sketch of this methodology is depicted in Figure 4.3-1, which describes a

two-step process. In the first step, the "initial cost tradeoffs", the total

space system investment is computed, this provides an "intermediate"

parametric output of investment and periodic charges, for standard equivalent

(4 kHz) trunks. In the second step these are converted into parametric annual

or monthly charges for the various services. The results provide a variety of

financial "yardsticks" with which to compare the terrestrial and satellite

systems, which will identify the areas, circumstances and services for which

one is better, compared to the other.

Gateway costs also are estimated by similar methodology. In this case

comparisons are made between operator owned gateways and alternative methods

of providing service to the operator's region(such as TELCO dial-up or leased

lines, or radio relays), as a function of the total demand load. 1he costs of

the various alternatives are first computed, and then analyzed using total

demand as an independent variable. 	 It is interesting to note that the

f.	 operators can have varying motives with regard to system design. For example

he may wish to minimize his gateway cost by minimizing the number of channel

{	 units thereby degrading the grade of service. On the other hand, an operator

providing an end to end radio telephone service may require a good grade of

service from his gateway in order to meet good end-to-end service

requirements. Gateway costs are computed in Section 4.5.

Finally, the mobile units are estimated, primarily by comparing the mobile

equipment characteristics for the satellite and terrestrial systems, for the

various services. For example, there is a good deal of similiarity in the

equipment for dial-up voice and therefore costs should be the same except for

difference in antenna designs, modulation, etc. Costs for the interactive

data mobiles are obtained by comparing the functions provided, and the

components required, with similar m...cs produced electronic equipment such as

mobile equipment, and radios.

x
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t 4.3.1.2	 Limitations

Industry	 experience	 with	 land	 mobile	 satellite	 systems	 is	 inadequate	 to

precisely define acquisition costs and therefore resort is made to estimation

based on experience with fixed service satellites and similar systems.	 These

extrapolations are believed to be sufficiently accurate for the study purposes

although	 it	 should	 be	 realized	 that	 the	 mobile	 satellites,	 while	 containing

the same components	 (antennas,	 transponders, attitude control, etc.) 	 as those

for	 the	 fixed	 services,	 also	 have	 significant	 differences.	 These	 are	 the

larger	 antennas,	 higher	 power,	 more	 complex	 transponders	 and	 the	 impact	 of

these	 on	 the other	 spacecraft	 systems.	 In	 addition,	 the	 large	 land	 mobile

satellites	 are mission	 unique and	 therefore	 the	 non-recurring	 (design)	 costs

are	 likely	 to	 be	 fully	 allocated	 to	 each	 particular	 version.	 In	 addition,

there is an uncertainty 	 in	 the performance achievable,	 and acceptable	 in the

future	 land mobile	 satellite market.	 For	 example	 higher	 performance	 mobile

antennas	 will	 reduce	 satellite	 charges,	 but	 increase	 mobile	 costs.

Performance will	 vary due to the effect of shadowing, multipath and man made

noise	 for different regions and minimum acceptable	 (usable)	 performance will

certainly	 depend	 on	 the	 individual	 application	 and	 on	 the	 service.

Recognizing	 these	 service	 uncertainties	 the	 study	 approach	 is	 to	 provide	 a

measure of service performance vs cost so that performance cost sensititives

can	 be	 evaluated.	 It	 should	 be	 kept	 in	 mind	 that	 various	 existing	 mobile

sfr4ices	 performances	 are	 remarkably	 different	 in	 quality	 depending	 on	 the

ap;a4rrtion, ranging from fairly high quality 	 (but not toll	 quality)	 for radio

t	 .r.'.	 !e	 to	 almost	 total	 unintelligibility	 except	 to	 the	 trained	 user	 (air

Consequently,	 it should be expected that a land mobile	 system also

will	 have diversity in performance and availability.

The comparisons between the satellite and terrestrial systems are complicated

by the diversity of these quality-cost considerations.

4.3.1.3 CAPACITY ASSUMPTIONS

Satellite cap-acity projections are required to size the various satellite

concepts, and to indicate how the various satellite concepts can be used tj

provide service. Using the "Addressable Mobile Radio Market "developed in

this Study as Task 1, a capacity demand versus time can be developed. Figure

' ¢ 4.3-2 lists the basic (or equivalent wideband data) traffic demand in er•langs

developed from the number of mobiles in the "new ser v ices", "commercial and

public radio services" and "radio telephone" services. It is assumed that the
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radio telephone services use 15 kHz CFM which is converted into equivalent 4

kHz trunks which are used for the other services. The totals, in

"conservative," "likely" and "optimistic" categories are provided vs time in

terms of 4 kHz equivalent circuits.

The case for truck trailers and similar applications, involving the

interactive data mode is treated differently. Assume each interactive data

message consists of a 500 bit block(64 characters plus address and sync).

BPSK data rate in a 4 kHz channel is approximately 3,1 KBPS. The actual rate

is somewhat less, due to coding (rate 7/8), guard time between packets (.92),

and an allowance (.9) for periodic "clear" times to permit alarms, for a total

throughput rate of 2.23 KBPS. It is assumed that NOC interrogation results in

TDM like efficiency (e.g., the network is polled only by th. NOC). This

results in 193,000 messages per 12 hour day. Consider also an average of two

message per day and two trunks per message stream (mobile to NOC and thence

NOC to operator, and reverse - omitting any efficiencies resulting from NOC

culling or processing), This results in the ability to serve an average of

48168 mobiles per trunk per day. Of course, actual mobiles may have more than

two messages per day (in this case a tractor also is likely to be in voice

communication with a dispatcher) and an inactive truck may have fewer than two

messages per day. Position location messages are interchangeable with

interactive data. Table 4.3-1 describes the results.

1990	 1995	 2000
Trailers	 168439	 185970	 205326
Required Number of	 3.5	 3.9	 4.3
4 kHz trunks

Note: The required numbers of trunks doubles, effectively, if the
orthogonally polarized channel cannot be used because of poor mobile
antenna circularity.

Table 4.3-1 Truck Trailer Trunk Requirements for Interactive Data and Position

Location.

The results are miniscule compared to the voice and wideband data

requirements. This is not to say that the service is not of importance in

terms of value to the transportation industry (and for similar industry and

government applications), or of value to the satellite carrier in terms of 	 i}`i
income. The converse is true.

k
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The total market results for vnice are depicted in Figure 4.3-3, for the

conservative, likely and optimistic categories, versus time, in equivalent 4

kHz voice trunks. Figure 4.3-3 also indicates the ability of the various

satellite concepts to satisfy the demand estimate.	 Also, Figure 4.3-3

contains an exponential growth relationship between initial and final
	

rl

capacity, growth rate and time, with tabulated parameters for the optimistic,

likely and conservative cases. While Figure 4.3-3 assumes that on'iy radio

telephone uses 15 kHz CFM, this may not be the case in practice.

Consequently, the plan is to examine several initial conditions and growth

rates that describe typical situations representative of Figure 41 .3-3, to

develop costs as a function of growth rates and service mix.
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4.3.2 SPACE SYSTEM COSTS

4.3.2.1 Investment

Satellite costs can be estimated according to the "Unmanned Spacecraft Cost

	

Model", Fifth Edition (June 1981), otherwise referred to as the "SAMSO"
	 It,

model. This model uses historical cost data from the aerospace industry, from

many available satellite programs, commercial and military, communications and

others.	 It thus represents a general, composite cost estimate which is

representative of the aerospace industry. 	 The model provides both

nonrecurring (design) and recurring cost, by subsystem. 	 Factors can be

included for maturity of design, design complexity and inflation. Design

complexity factors include such items as operational life, radiation

environment, redundancy, operating frequency, power, antenna complexity,

stabilization type, etc.

While it is not intended to be valid for the very large spacecraft for land

mobile communications (there are some small mobile satellites such as Marisat

and Tacsat in the data base), the subsystem functional relationships, which

relate subsystem cost to the weight and power (and complexity etc.) can be

examined for relevance to a larger spacecraft, which is dissimilar to those in

the data base. The approach has considerable merit for the following

reasons.

1. A fairly detailed satellite concept must be developed for use with
the model - this enables comparisons of various approaches, for
example onboard switching at S-Band vs a Ku-Band fixed link.

2. T'.e ,rediction is a "neutral" prediction (based on a widely used and
accepted methodology) with an extensive, historical data base - not
"colored" by the experience of one company.

3. The cost is "built up" subsystem by subsystem so that the detail is
capable of individual tests for reasonableness.

4. The model is thoroughly documented, well understood, and widely
accepted.

4.3.2.2 Bogey Weight Model

The SAMSO Model requires the weight and power of individual specific

subsytems. The model, used for the Study and given in Table 4.3-2, describes

the fractional weight distribution of a typical communications satellite

compared to its beginning of life mass in synchronous orbit. The totals in
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	v	 Table 4.3-2 do not include apogee motor case or fuel. 	 The ratio of

communications transponder, antennas and power subsystem weight to total

beginning of life weight is • .43, typical of modern spacecraft (1)
	

The

actual weight for the communications and power system are computed in detail

from the Concept Models. The total 1s assumed to represent 43% of the total 	 ^I

spacecraft mass. One anomaly in particular was noted in connection with the

nonrecurring cost of the electrical power system (EPS). This expression is of

the form a + b W' 81 , where w is the product of beginning of life  power and 	 l
subsystem weight. The expression results in reasonable cost predictions in

the weight and power ranges specified by the SAMSO model. However it

increases rapidly to unbelievable values at large powers, in the range of 5

kw, because it is really equivalent to P 2/C where P is the power and C the

equivalent watts per pound for the system (more or less constant). It is

believed that the nonrecurring cost is more or less proportional to the total

power and this assumption was used for those cases (Concepts C, D, D 1 ); the

relationship is, cost • 3167 + 7.467P.

In addition, the SAMSO model seems to result in high total nonrecurring costs

compared with recent commercial experience. It is believed that an important

consideration is that most modern commercial satellites follow 'one from the

other" so that nonrecurring costs are small (e.g., each system is derived in

large part from its predecessor), and there is a tendency to spread these

nonrecurring costs over several programs. It is not believed that this will

be the case for the large, unqiue land mobile satellites. There will be

nothing like them and therefore the entire nonrecurring cost is applied to

each concept.

4.3.2.3 Concept Model Costs

Technology indices, essentially maturity of design are described in Table

4.3-3. Complexity factors for communications/antenna subsystems and power

	

d!	 subsystem are described in Table 4.3-4 and complexity factors for

	

I	 strucuture/thermal, TT&C, and ACS/SPS are described in Table 4.3-5.

Tables 4.3-6 and 4.3-7 describe recurring and nonrecurring costs for Concept
i

K	 A, respectively. This is a single beam satellite, Al has 5 dB more UHF power,

and A2 10 dB more UHF power than A.
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COMMUNICATIONS/ANTENNA
ACS/SPS
TT 6C

STRUCTURE/THERMAL

POWER

0.197

0.086

0.03

0,162

0.232

0.707

µ = 45%

Table 4.3-2. Bogey Weight Model
	

Table 4.3-3. Technology Indices

NRC RC

STRUCTURE 0.872 0.878

TT6C 0.831 0.834

COMMUNICATIONS 0.884 0.873

ACS 0.876 0.840

EPS 0.876 0.90

♦ I

Table 4.3-4. Communications Power Com plexity Factors

COMMUNICATIONS
COMPLEX

NPC

RANK X COMPLEX

RC

RANK X

FRED, TRANS,POWER 1.0 0.10 110 1.0 0108 0.08

NUMBER OF TRANSMITTERS 1.4 0.05 0.07 1.37 0.05 0.685

MOD METHOD 1.0 0.02 0.02 1.0 0.02 0.02

MUX 1.14 0.05 0,057 1.1 0.05 0.055

REDUNDANCY 1.36 0.03 0.0408 1.30 0.03 0.039
ON-BOARD PROCESSING 1.0 0.16 0.16 1.0 0.16 0.16

DATA RATE ills 0.03 0.0345 1.13 0.03 0.0339
BER 1.03 0.03 0.0309 1.03 0.02 0.0206

ENCRYPTION LEVEL 1.0 0.03 0.03 1.0 0.03 0.03

TYPE OF ANTENNA 5.44 0.08 0.4352 5.4 0.09 0.486
ANTENNA DESIGN 7.9 0.11 0.869 8.0 0.10 0.8
POWER HANDLING, CAPABILITY 1.0 0.03 0.03 1.0 0.03 0.03
Al 1.0 0.07 0,07 1.0 0.08 0.08

DESIGN LIFE 1.3 0.09 0.117 1.3 0.11 0.143

HARDENING 1.08 0.12 0.1296 1.08 0.12 0.7296
3.094 2.1756

POWER SUBSYSTEM

POWER DESIGN SHAPE 1.25 0.22 0.275 1.39 0.19 0.2641
DEGREE OF MOVEMENT 1.14 0.14 0.1596 1.11 0.13 0.1443
POWER 1.45 0.24 0.348 4.63 0.21 0.9723

BATTERIES 1.43 0.14 0.2002 1.44 0.16 0.2304
DESIGN LI": 1.22 0.15 0.183 1.16 0.20 0.232

HARDENING 1.0 0.11 0.11 1.01 0.11 0.1111
1.2758 1.9542

4-81	 WPC-0113M-ISM

/'.1.iP.^¢L'y4'iuE:9CLLY.:Y1...^ ..Y.Y^..o.w...^..^ 	 a^..^.....-e. ^ ..	 .....^	 .t-.:n.t-."-vrav,^.tryp••+	 v

^r



Table 4.3-5. Spacecraft Bus Complexity Factors

ti

STRUCTURE,THERMAL NRC RC
CONTROL 6INTERSTAGE COMPLEX RANK X COMPLEX RANK X

STRUCTURE./COMPOSITES 1.46 0.13 0,1898 1.51 0.16 0,2416
DESIGN SHAPE 1.30 :.12 0.156 1.30 0,12 0.24
THERMAL CONTROL 1.28 0.19 0, 2432 1.37 0.10 0.2466
STABILIZATION 1.09 0.21 0.2289 1.10 0.24 0.264
DESIGN LIFE 1.19 0.12 0.1428 1.18 0.11 0.1298
HARDENING 1.07 0,10 0.107 1.08 0.10 0.108
LAUNCH METHOD 1.20 0.13 0.156 1.11 0.09 0_0999_

1.2237 1,302

TT&C
ON BOARD DATA PROC, 1.08 0.17 0.1836 1.08 0.18 0.1944
DATA RATE 1.03 0.08 0.0824 1.06 0.08 0.848
NUMBER OF DISCRETE COMMANDS 1.08 0.09 0.0972 1.12 0.10 0.112
TYPE OF ELECTRONICS 1.18 0.12 0.1416 1.20 0.12 0.144
ENCRYPTION LEVEL 1.0 0.04 0.04 1.0 0.04 0.04
DEGREE OF AUTONOMY 1.39 0.09 0.1251 1.25 0.09 0.1125
TYPE OF MEMORY? 0 0.08 0.08 1,0 0.09 0.09
DESIGN LIFE 1.46 0.17 0.2482 1.42 0.16 0.2272
HARDENING 1.05 0.16 0.1_68 1.05 0.14 0_._147

1.1661 1.1519

ACS/SPS
ATTITUDE CONTROL 1.13 0.21 0.2373 1.12 0.22 0.2464

STATIONKEEPING 1.36 0.7; 0.34 1.36 0.25 0.34
POINTING ACCURACY 1.''. 0.23 1	 G	 ?BF 1.24 0.21 0.2604
STABILIZATION '.13 1''. 6.15''?9 1.19 0.11 0.1309
DESIGN LIFE 1.h. 0.12 0.1536 1.20 0.14 0.168
HARDENING 1.0 0.06 0.06 1.0 0.07 0._07

1.236 1.2157

a

4-82	 WPC-0113M-15M
	 :i



NN epn m m vmi
¢ r n ON

ry

00 m n N_
m 0¢ r cn^ M Or r

7 n M M. 0¢
.- n ^ of

In

(n ¢ m m
CL

•.y~.. .J.r
V

W W ¢

OO G Ou a a
m
O M

O

N ? N N ^n py O1 m m n O
^ ^r n N ^

N ? M O m pa o m M m p
m O m M M m1p r lD

N N M M M Ot0 t0 ^ m ^ m

c

O

	

rl 
	
enrlt0 M ! +

	

'	 N

	

O M	 +
O O n O
co .-
M , O M Zr

0
of sr .=	 ni
.- .- a I n

II	 II	 II	 II	 II

W } } } } }

F-

	

0 G co M	 .f
Z r r N ^- N

O
u J

ujW
Z
f..

W
W Q.

H

~ u ¢ a
O u
K w ^ to a ^

t% F- u ¢ W ¢

4-83

ORIGINAL PAGE 13
OF POOR QUALITY

W

N
VI
CU
cn
C

Li7

c^
Q
++a
uG
U

^IIf^f
a
ai
a

n as of co cr

^ N nnI

N M N.- N
1? 4?

lid Y
? M w O1
n m n co Ln
C%

OI
In In n M
^' m N r

^- N
W	 I V^

gn
N
r
X
LA
a
a

k

a

I I

rmN
m

0

J
W

7

-^ JJ
¢ ¢ e^,
O O V	 J

¢

m O m W	 !-

V a v=i
OF

LL

WPC-0113M-15M

Y	 Y

LA01
	 In	 mN

m Lnn M	 In

N m M	 M
N	 I	 on,

Y	 Y



r N0
U

rne

LL

u-. L
C
O

i 2
a

41
r	 nu

o
U

r

	

	 1
M

4	 F

N M Co Of In
Q - to /r O

to N

N

Q
00
-

CO-r 11M N^-
•- Of M O

^ r

Q .- tlò umi m
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It is interesting to note that the results are typical of modern

corm unications satellite experience. A modern PAM -D satellite has a typical

mass of 15'JO lbs and its cost is in the range between Al and A2. The

nunrecurring costs are high, principally for the reasons noted previously.

However Concept A is similar to a recent GE satellite system implementation

and the Concept A costs, including recurring and nonrecurring are close to the

total for the GE program. The nonrecurring EPS cost is revised for A2 as

previously explained.

Concept B, a 12 beam satellite, has a weight for nominal performance of only

1798 pounds, despite the deployment of the large antenna. Recurring and

nonrecurring costs are given in Tables 4.3-8 and 4.3-9 respectively.

j

(

r

♦ 	 G

rr.	 s
r-

Concept C recurring and nonrecurring costs are given in Tables 4.3-10 and

4.3-11 respectively. The EPS nonrecurring cost for C2 is modified as

explained previously.

Concept U' is a 100 beam satellite with a single Ku-Bano fixed beam, and no

DriDuard switching. kecurring and nonrecurring costs are given in Tables

4.3-12 and 4.3-13 respectively. The high Ku-Band power requires modification

of EPS nonrecurring costs as previously explained.

Concept D is a 100 UHF beam satellite with 15 S-Band beams and extensive

onboara channeliz;ation and switchin g resulting in large weight and high

power. Tables 4.3-14 ana 4.3-15 describe the recurring and nonrecurring costs

respectively. Again the EPS nonrecurring cost is computed as explained

previously.

Nonrecurring cost comparisons between NASA and SAMSO models also are quite

close except for the small Concept A case.

r,

Table 4.3-16 summarizes the recurring costs ana Table 4.3-17, the nonrecurring

costs of all 15 Concept Models, subsystem costs and salient overall

characteristics.Note also the substantial increase in weight and cost for

Concepts D and D'. Co.;t for these models increases faster (from Concept C)

than capacity, aue to the impact, in the case of D, of using multiple beams at

S-bans and attendant onboard channelization and switching, and in the c.se of

t U.
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F

D', using Ku-Band with a high allowance for fading. Because of these

considerations the trunk costs for Concepts D and D' are higher than for

Concept C, which has lower capacity.

4.3.2.4 Total Space Investment

Total space system investment (excludes gateways and mobiles which are

considered separately) includes satellite costs, launch vehicle and launch

insurance costs, control center cost, and launching costs. It is assumed that

three satellites are purchased, on average, and that two are launched. Launch

vehicle costs are based on $6UM per shuttle launch using a 4/3 factor for

shared launches. Unfortunately. there is a dearth of capability for the

lar_;er satellites. While IUS is available, and capable of injecting a 5000

pound satellite into synchronous orbit its sophistication is probably not

warranted for a commercial venture, and of course it is ve • y expensive.

Alternatives such as the Centaur, capable of injecting 10,000 pounds into

synchronous orbit are possible but not funded. In addition, the cost of any

vehicle depends to a large extent on proGiction and launch activity which is

difficult to predict so far into the future for the higher pay!.-ad

capabilities. Alternately it has been assumed that, like the PAM-D and PAM-A,

the trend in new spacecraft in the future will require a low cost capability

for heavier payloads and that such transtages will be available. Estimated

custs of these used for the Study are $12M for a 5000 pound spacecraft, $27M

for a 10,000 pound capability and $35M for a 15,000 pound capability. The

resultant space investment is described in Table 4.3 . 18 for the 15 possible

configurations. Also tabulated is the total bandwidth provided by a two

satellite system, the bandwidth utilization factor (allowance for diplexing),

and the total investment per 15 kHz or 4 kHz trunk. From Concept A to C

capacity increases by a factor of 15 and costs decrease by a factor of about

4.5. Note that the costs for concepts D and D', measured in investment per

circuit increase because of the effect of the fixed link. Concept D' Ku-Band

link requires extra power to overcome downlink fading due to rain. Concept D

requires additional power and weight for the onboard channelization and

switching. Over the total range of Concepts A to D' (excluding D), capacity

increased by a factor of 25 and investment per circuit decreases by a factor

of 3:1.
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s

The investment per subscriuer can be computed approximately from Table 4.3-18

by assuming that the number of available trunks is numer tally eiraal to the

trdffic rapacity and that the number of subscribers is equal to the reciprocal

f'	 of Lhe traffic intensity per user, in erlangs.
r

Fur rduio telephone the trdffic intensity per subscriber is .03 erlangs or

approximately 33 subscribers per circuit; for dispatch service, the traffic

intensity per subscriber is .01 erlangs or approximately 100 subscribers per

circuit. The results, in Table 4.3-18 tabulate the total investment per 15

KHz or 4 kHz trunk, and the investment per subscriber for the two trunk

1 types. The investment per dispatch subscriber is less by an order of

magnitude due to the larger number of 4 kHz trunks, and larger number of 4 kHz

uispatch subscribers per trunk. The beam fill factor is assumed to be 1.0

(e.g., all the beams have the same capacity.

r^

The previously described interactive data and position location services,

ssages per day per mobile and a total of

trunk results in a miniscule investment per

.00 per mobile.
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4.4 SUBSCRIBER CHARGES 	 URIhWAL PAGE IS
OF POOR QUALITY

4.4.1 METHUUULUGY

Space segment investment can be converted into periodic subscriber charges by

relating the investment to payback, expenses, taxes, depreciation, and return

on investment, and return on sales. To be commercially attractive the return

on investment should be considerably higher than the expected prime interest

rate.

The metnoa follows that of reference (1) except for a modified payback scheme.

Total income -	 (1)

^
To

of	 CUN(t)at

Cu	 =	 channel charge

N	 =	 number of channels in use

To	system lifetime

Expense	 =	 Kk per annum	 (2)

R = lump sum system investment

Depreciation	 =	 R/To per annum	 (3)

To

Total Taxes = .4b	 f [CuN(t)dt - To - KR] dt	 (4)

0

To	 T	 i

Total Payback	 f CuN(t)dt - 	
KRdt -	 (5)

0	 0

To	 R

	

-.4b f [CUN(t) - 7a - KRJ at 	

yy

o

1

4-100	 WPC-0113M-2414



(6)

or
A

1	 R

ORIGINAL PAG= i3
OF POOR QUAL17Y

Y 
`(i+r) k

k=1	 1 (1+i) )

(7)

Nr

The payback retires the original investment. The approach taken for the study

is to first assume an exponential payback relationship, e.g. payback grows

with income (assuming an exponential capacity growth at rate "r" by N (t)),

but each year, the payback retires a portion of the outstanding investment.

At the same time, a return on investment " i " is obtained on the outstanding
yearly investment. In addition, a constant capacity is assumed in order to

compute the "asymptotic" case. In this case, payback is constant. The

exponetial payback scheme is described in Table 4.4-1 illustrating the

exponentially increasing payback and the return on investment "i" obtained

each year. The residual in the final year must be zero (investment retired),

so that

To/(l+r)

1	 (1+i

Payback Schedule Exponential Capacity Growth

R

A

Table 4.4-1

t
OUTSTANDING
INVESTMENT PAYBACK RESIDUAL

0 R 0 --

1 R(1+i) A(1 +r) R(1 +0 1 _T-A	 i+r

2 R(1+i)Z(1-A1±r) A(1 +r) Z R(1 +i) 2
[

A	 +r1-	 t
1F^ 1 +i)

A	 l+r 2
^i1R	 +i,R 1+i

3 ETC A (I + r) 3 ETC

4 ETC A (I + r) 4 ETC

5 ETC A ( 1 + r) 5 ETC

6 ETC A ( 1 + r) 6 ETC

To
K

7 ETC A (1 + r) 7 R (1 + i) T°
(
I 1	 - R	 ,^1
l

+ i
K=1

k
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„4	 Since i, r, R and To are known, A also is known. Consequently,

(8)
To

Total Payoack	 f A (1+r) t dt
0

A	 To

= In (1+r)	 L(l
+ r)	 -1]

Note that if r = o (constant capacity)

ORIGtlNAL PAGE 19

OF POOR QUALRY

K

(10)

lotdl Payoack - AT 	 (9)

Integrating ano collecting terms results in

	

A (l+r) To -1	 1

R { R L In (1+r) ] + 0.54K To - .401w

Cu =
( 0.54 No1	 L 1+r T °-1 j

\ll+r)
To /	 LIn ( 1+r) ]	 'i

where:	 I

1+r t	 ( 11)
N(t) = No

( l+r) T0	t
No = final capacity

	andr N(t)dt = No	 ”-
wi

E:	
°	 (l+r) To In (1+r)

Equation (10) aefines the annual subscriber charge necessary to retire the

investment and generate the required return on investment at the postulated

capacity growth. The subscriber charge is proportional to the investment and

inversely proportional to the capacity. More precisely, the denominator term:

t
(1+r To 	 To

No	
TO	

is	 f N(t)dt	 and
^( l+r)	 In ( 1+r )	 0

	4-102	 WPC-0113M-24M



To	
I	

k1( I+i )' 	 = 0	 (15)

k=1

To	 (^ l	 )1 k

kl	 I ( l+i) 	 (16)

To	 A

N
or A	 =

m

epresents the circuit-years generated by the subscribers: The subscriber

w'	 cuurge is the same it the circuit-years are the same (there are some small

Y1

	

	 uitterences, for example, between the exponential and constant capacity cases,

uecause the payback schedules differ slightly).

Consider the case where growth is constant, e.g. r = 0

N(t) = No

T
and	 N(t)dt - No To

(13)

ORIGINAL PAGE FS	 (14)
OF POOR QUALITY

Payudck A is a constant. Table 4.4-2 describes the payback required for the

case of constant capacity (constant income). Then

e^

Constant capacity cases can be used to compute the asymptotic subscriber

charge, e.g. the lowest satellite charge, achieved when the satellite system

is uniformly and fully loaded for the entire 7 years. An additional case,

that of constant capacity which is one sixth of the maximum also is used, thus

providing a range of circuit-years over which subscriber charges are

computeu. It should be noted that the "likely", "optimistic" and

"conservative" cases are based on exponential growth. The subscriber charge

far this value of subscriber-years is slightly different than that of constant

capacity, for the same si,uscriber-years due to slight differences in the

payback schedule for the two cases. For constant payback the channel charge

n + U.54 KR - .46 R/To
	 (17)

Cu	
.54 No
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4.4.2 GENERAL RESULTS

The annual cost for a standardized (equivalent 4 KHz) trunk may be conputed

using the methodology and results developed in Section 4.4.1 and the space

segment investment depicted gfaphically in Figure 4.4.-1. The equivalent

trunk charge will be converted to sub,̂ criber charges for specific services, in
the following section.

Three cases are investigated based on the conservative, likely and optimistic

mark , t projections, depicted in Figure 4.3-2. In each of these cases, the 14

year time period is divided into two 7 year t'-e periods, define lu as a 11first"
generati on .ystem (for 7 years) followed by a "second" generation system (for
years). Space system investment is determined by that satellite capacity

"	 100 BEAMS

N 3000	 1
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ti+	 J	 O
J

..	 o /Bj AM ^ OoOo'//
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EQUIVALENT 4 KHz CIRCUITS, OOWS (2 SATS)

Figure 4.4-1.	 Space Segment Investment vet is Equivalent 4 KHz
Circuits for Various 11HF Satellite Powers.

4-105
	

WPC-0113M-15M



a	 J•
P

V.

	,^	 u

that exceeds the market projection (for the given period) by 20%, e.g. the

satellite system is oversized" by 20%. When applicable the investment has

three values, for the nominal, +5 db and +10 db cases. Consequently, the

annual equivalent trunk charge is evaluated as a function of the circuit-years

generateu, return on investment "i", the satellite power generated and whether

the system is first cr second generation.

4.4.2.1 Likely Market Projection

In this case the satellite capacity is 48,000 and 80,40U equivalent circuits

for first and second generations, respectively. The corresponding space

system investments are $950M, $960M and $979M for the first generation and

	

J	 D1439M, $1450M and $1470M for the second generation systems.

Expense is based on K = 1/t• J, which assumes that the space segment is provided

by a carrier which does not own, operate or maintain the gateways or the

mobiles. The results for both generation systems are depicted in Figure

4.4-2, which shows the annual cost (in 1982 dollars) of an equivalent 4 KHz

trunk cost versus the number of "circuit-years' accumulated over the system

lifetime. The abscissa is merely the integral of the traffic (as a function

of time), e.g. 10,000 circuits for each of seven years is 70,000 circuit

years. Both first generation (1987 - 1993 inclusive), and second generation

(1,994 - 2,000, inclusive) systems are displayed, at nominal UHF power and

plus 10 db, and at return on investment of 20% and 40%. The plots indicate

that	 the	 annual	 circuit	 costs	 are	 inversely	 proportional	 to	 the

circuit-years. Space segment costs are based cn 20% excess system capacity at

enu of system lite.	 Consequently, for each generation the nominal traffic

projection, in circuit-years is indicated as well as the maximum.

The latter assumes a fully loaded satellite for seven years, hence this point

represents the lowest or asymptotic cost for that particular system. The

curves are slightly "bent," particularly for the higner return on investment

because of the slight influence of the payback schemes, which differ according

to the traffic growth pattern (constant or exponential).

It is apparent that circuit costs are insensitive to satellite UHF power over

the lU db power range, and doubling investment return increases circuit costs

by approximately 80%. Annual trunk cost for the first generation nominal

market projection is $13,500 per year per trunk, and for the second generation
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Figure 4.4-2. Equivalent Trunk Cost versus Circuit-Years
for Likely Market PrGjection

is $11,800 per year, a decrease of 13%, despite an increased utilization from

205,360 to 351,274 circuit-years, or 70% increase. It is apparent that Foace

segment costs also are increasing substantially in this interval.

4.4.2.2 Optimist ic Market Projection

The optimistic traffic projection results in the otquivalent circuit charges
depicted in Figure 4.4-3 for the first generation, and Figure 4.4-4 for the

second generation systems. Differences in cost due to satellite UHF power

differences of 10 dB from the nominal case are still discernible in Figure

4.4-3 (but not significant) but are no longer discernible in Figure 4.4-4.

Annual trunk charge for the first generation system at the optimistic case

utilization (302,120 circuit years) is $11,500 per year and falls only to

$10,300 per year (584,491 circuit-years) for the second generation system,

again because of rapidly increasing space system charges with utilization.

The space system assumed in this case has a single KuBand beam, e.g. no

on-board switching which has a lower cost than the alternative multiple beam

S-Band system with on-board switching.
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4.4.2.3 Conservative Market Projection

The conservative traffic projection results in the equivalent circuit charges

depicted in Figure 4.4-5 for the first generation and Figure 4.4-6 for the

p. second generation space systems. nifferences in cost due to satellite UHF

power differences of +5 dB and +10 dB from the nominal case are clearly

discernible and, of course, result from the lower antenna gain of these

i' satellites. At the conservative traffic projection, utilizing a 10 db range

results in 13" increase in cost in the first generation and 7% increase in

cost in the second generation systems. Trunk costs (i = 0.2) for the first

generation at the conservative traffic utilization (60,204 circuit-years) is

$20,8f0, and falls to $18,200 during the second generation (78,265

rircult-years).

4.4.3 PARTICULAR RESULTS

4.4.3.1 Subscriber Charge Methodology

Particular results can now be examined in order to parametrically predict

subscriber charges for the various services so tii4t important system choices

and characteristic are identified, and guidance provided for the development

of future LMSS. Two forms of subscriber charges are believed necessary to

categorize a Fervice. One of these is the expected monthly service charge for

a typical user operating at the "average" call rate. The second is the actual

charge per call-minute. Both are used to identify the economic attractiveness

of the various services and to provide comparisons with alternative systems,

(the -eader should recall that investment charges per equivalent, trunk and per

subscriber were previously presented.)

It s 1 nuld be noted that only the space segment charges are discussed in this

section (which include the space segment fixed link costs). Gateway charges

and mobile radio costs are discussed elsewhere.

Call minute charges are based on 525 minutes per month usage for telephone,

175 minutes per month for dispatch.

The ;ubscriber charge in cents per call-minute, C s is given by:

CuBPT	
(19)

where

4-109	 WPC-0113M-15M
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Cs	 =	 subscriber charge per call-minute, cents, for dial-up
voice (or equivalent data), space segment only.

Cu	 equivalent 4 KHz annual trunk charge, dollars, a
function of satellite generation, traffic demand (e.g.
utilization),	 satellite	 UHF	 power,	 return	 on
investment, etc. provided in Section 4.3.2.

B	 service bandwidth factor related to 4 KFx (for 30 KHz,
B = 30/4 = 7.5)*

P	 =	 peak to average factor, typically 2

E	 -	 Trunk efficiency of available network, see Table 4.4-3,
E is less than one.

T	 =	 number of equivalent trunks needed, (T=1 if service
permits use of both polarizations).

F	 =	 fill factor

The subscriber monthly charge Cm , in dollars per month is given by:

437.BeCs	
(20)

Cm =	
P

where:

Cm	 =	 Total monthly service charge, (space segment only),
dollars.

e	 =	 Peak (typical) subscriber demand during the busy hour,
erlangs.

IJhile specific values for the terms in the above equations will be assumed,

the reader is encouraged to makE his own individual assessment. Note also

that Cu, Cs, and Cm are for all practical purposes, directly proportional to

space segment investment and inversely proportional to utilization (by circuit

years of operation).

* In practice B also is related to the power required for a subscriber's
channel relative to some nominal situation which reflects either the cost to
the satellite operator for providing extra power or power "taken" from
another subscriber.

a^
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fable 4.4-3. Trunk Efticiency based on Erlang "B" and "Likely"
Traffic Projection Uistribution

SERVICE

NO.TRUNKS
IN 2.5 MHz ' GRADE OF SLRVICF. e, ERLANGS PEAK

0.01	 0.005	 0.001

TRUNKING 113 0.85 0.82 0.77 0.01

RADIO TFLEPHONE 120 0.86 0.83 0.77 0.03
(15 kHz)

RADIO TELEPHONE 60 0.78 0.75 0.68 0.03
(30 kHz)

" APPORTIONED ACCORDING TO "LIKELY" TRAFFIC PROJECTION

sl

w.

[he methouoloyy proviues a flexible methoa for deriving typical subscriber

charges; an actual system implementation even assuming the same costs, returns
f"

on investment, etc. would result in slightly different values because actual

investments, tax credits, cash flows, etc. would be considered. 	 The

a methodology also provides a way to evaluate the subscriber charge effect cf

variuus system choices and characteristics; for example, should the mobile

antenna be fixed or steered, is frequency reuse via othogonal polarization

important, is service bandwidth and (satellite) power important, etc.

equations 19 anu 20 enable these evaluations.

with regard to Equation ;19) it should be recalled that CNR and bandwidth for

4 KHz SSb, 15 KHz and 30 KHz FM signals were defined so that the total

satellite power is not dependent on the mix of these. Consequently, the

number of 30 KHz circuits allowaole is dependent only on bandwidth, hence cost

is proportional to bandwidth, e.g. to a good approximation any mix of 4, 15

and 30 KHz circuits is permissible (in actual practice each would be grouped

to control intermodulation power). The demand for service in the busy hour,

expressed in erlangs, is the unit of traffic intensity used in the Study. In

telephone and radio telephone service, the peak to average factor P is

approximately two. Somewhat larger values for P are believed characteristic

for some present day terrestial trunking services. However, considering the

nature or the transportation, prospecting and government services considered

4-112	 WPC-0113M-24M
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candidates for satellite service, the factor P = 2 may ue correct (intensive

activities continue beyond the normal busy hours). In any event; this is the

value used throughout the stury.

the factor E is a measure of trunk efficiency accomplished for a particular

yraue of service.	 In a 2.5 MHz satellite beam, the few number of available

trunks leads to a significant inefficiency. 	 In actual practice, private

networks might be formed, that is, a group of 30 KHz circuits might be set

aside (leased) to exclusively serve a particular network. 	 However, the

traffic intensity for a given grade of service is significantly curtailed.

From the viewpoint of overall operation, this is undesirable. In this Study,

a value E is derived by proportioning the radio telephone service and

non-radio telephone service according to their distribution in the "likely"

traffic projection, using either 15 KHz or 30 KHz for radio telephone and 4

KHz for the remainder. Values for E are tabulated in Table 4.4-3.

the factor T considers the number of availaole trunks that must be assigned to

a given suuscriber. 	 In the system considered herein, frequency reuse is

achieved via orthogonal circular polarizations. If a subscriber requires one

voice circuit and his antenna axial ratio permits the use of the orthogonally

polarized co-channel (actually interstitial), he is charged for one channel.

However, if his antenna has a poor axial ratio, the othogonal co-polarized

channel cannot be used and he is consequently charged for two channels. This

is an appruximation. For example, if all subscribers have antennas with poor

axial ratio, then one of the two on orbit satellites becomes a spare and the

cost of one satellite can be deducted from the space segment investment.

Consequently, the factor will be less than 2.

The factor F accounts for non-uniform loading of the individual satellite

beams. It the beams are filled uniformly, F=1, if not, F is less than I. The

market studies indicate that the fill factor will depend on the ability of

LMSS to penetrate the total available market.

It the market is limited to counties having population densities of 20 persons

per square mile or less, the LMSS market is predominately in the western U.S.
	 r

If the market is limited to non-SMSA counties, the LMSS market is

predominately in the eastern U.S. 	 Presu,aably something in between also is

possiule resulting in a beam fill factor approaching 1. Table 4.4 of the Task

1.



F' Al

I Interim Report (Market Study) tabulates the number of subscribers per

nun-SMSA county for U.5%, 1.0% and 1.5% penetration.	 The peak to average

1f t	 F	 f	 1	 1	 9	 1 3 90	 1 3 7Upupu at ton rat to (till	 ac or	 )	 or	 00 beams is	 /3.8 ,	 / .	 ,	 / .	 ,

respectively. These values pertain only it "saturating" the highest capacity

ueam also causes the satellite system to "saturate". In the fixed service

there is a strong relationship between the highest capacity traffic node and

the other nodes because all nodes communicate with the principle node.

In the mobile services, it is doubtful if such a strong relationship is

valid. For radio telephone, the bulk of the service will be local (e.g.

within a beam or two), and is unrrelated, one area to another. For dispatch

service, the causal relationship also is not apparent. It may be that an "N"

beaus satellite can be treated as N independent networks. Since the fill

factor is otherwise large, both the carrier and subscriber may accept a lower

grade of service to increase an individual beam capacity. The carrier also is

motivated to keep the fill factor near unity since better utilization of the

investment is achieved. He may use marketing and pricing strategies to assure

the best utilization of all the beams (its naru to sell service in a saturated

beam anyway), and an empty or poorly utilized beam is not providing income. A

fill factor of 1 is used in the Study examples.

4.4.3.2 Subscriber Typical Charges

Tattle 4.4-4 describes subscriber call-minute charges for the "likely" traffic

projection for the four generic dial-up services, cellular compatible radio

telephone ( 30 KHz CFM) radio telephone (15 KHz CFM), "stand-alone" radio

Lelephune (L-SS8) e.g. non-compatible radio telephone (or "stand-alone"), and

dispatch. The narrow band modulation results in lowest charge because more

channels are provided per allocated bandwidth. In fact, channel bandwidth is

ouviously a dominant consideration. Call minute charges for return on

investment of 20% (i = 0.2) are attractive for all generic services when

compared with non-local dial-up rates, especially when it is considered that

the space segment charge is unsensitive to distance. Thus, the lis,,ed charges

pertain to a 20 mile "hop" or to a 2000 mile "hop", provided a gateway is

available to avoid a back-haul TELCU charge.
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i.onseyuently, the charge for 4 KHz service, for either dispatch or,

"stanu-alone" radio telephone is attractive. Note that the gateway charge,

uiscussed in Section 4.5, must ue added to get the total subscriber charge

(mobile rauio costs also are discussed elsewhere). The higher W.urns on

investment will discourage the use of compatible radio telephone.

Taule 4.4-5 describes typical monthly subscriber charges for the four generic

services, for the "likely" traffic projection. Expected terrestial, cellular

radio telephone charges for typical subscribers are expected to be in the

range of $W to $150. A typical user price beyond $200 is not believed to be

attractive to a radio telephone user.

Table 4.4-5 indicates that SSB (or similar narrow band modulation), is

attractive fur either dispatch service or "starin- alone" (e.g. non-cellular

compatible) rauio telephone. The stand-alone radio telephone service need not

be local.	 An RCC or WCC offering such service by satellite provides

nationwide service, at these rates, to his local customers. The service is

probably usable in all but the downtown sections of the very largest cities.

The situation represents a satellite optimized system and is a mirror ima,e

service to the cellular system in that the "stand-alone" satellite rauio

telephone system works well everywhere but in the (larger) cities and the

terrestial cellular works well only near the larger cities. Subscribers will

choose between them based on the subscriber's own perception of his habits and

needs.

l,,ble 4.4-5. Typical Monthly Subscriber Charge (Cm) Dollars Based
on "Likely" Traffic Projection (P =2, T=F=1)

i"

FIRST GENERATION SECOND GENERATION
USE i=0.2 1=0.4 i=0.2	 i= U.4

Cm (4 kHz) TRUNKING $	 13.13 $	 22.99 $	 11.60	 $	 21.00

Cm (4 kHz) STANDALONE RADIO TELEPHONE* 33.89 59.30 29.93	 54.18

Cm (15 kHz) RADIO TELEPHONE 147.10 256.10 128.70	 234.45

Cm (30 kMz) COMPATIBLE RADIO TELEPHONE 315.85 564.75 283.7	 516.8

* E = 1
ORIGINAL PAGE 19
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Tho 15 KHz FM, offers a barely attractive price. 	 The 30 KH1 FM service,

results in unacceptauly large monthly uills for typical subscribers ( . 03
erlangs peak), however this is not the whole story. While it is now apparent

I	 that 3O KHz (m	 is	 not particularly	 attractive	 for	 use with	 the

"spectrum-starved" satellite system, its use in conjunction with the cellular

system will still be attractive to some subscribers. For example, the

cellular subscriber (with satellite "compatibility") will use the cellular

system almost exclusively, and will, therefore, reap the benefits of its

economical charge ($50 to $150 per month). However, when he roams outside the

cellular system, needs wideband data service, or desires to place a long

distance call, the cellular compatible satellite charge is still less than the

telephone rates, particularly for long distances. The subscriber, of course,

must anticipate these extended uses by modifying his mobile unit for satellite

use.

All four services will likely emerge and become important in an evolving

system driven by market forces.

Note that the dispatch service monthly charge benefits from two principle

factors, (1). the bandwidth factor and the average use (.01 erlangs in the

uusy hour). Considering that there are many applications for such services in

the transportation and mineral industries, -,nd in government services

(disaster relief, search ind rescue, etc.), these markets can be well served

by satellite (there are no real terrestial alternatives).

Wioeband data also can be provided. A 56KBPS link can be provided (based on

the "likei ,;" traffic projection, second generation system, P = 2, T=F = 1) at

appruxim., tely 96 cents per minute or $210 per month at .01 erlangs, peak,

using quadraphase PSK, assuming telephone-like characteristics for the riser.

A 4.8 KItPS link, using quadraphase PSK (a dial-up 4 KHz circuit), also is

possiblf at about the prices developed for 4 KHz C-SS9 voice. While too

complicates to discuss in detail, herein, the price for data ought to be

higher than for voice for the same bandwidth and power because of the

continuous transmission characteristics (e.j. no VOX).

The interactive data/position location service is also of interest. At a

KBPS rate (4 KHz bandwidth) a 250 bit block can be transmitted in .04

seconds. Allowing for sync, transmission inefficiency and coding, a message

4-111	 WPC-0113M-24M
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block costs (.05 seconds x 69/minute) _ .0059/minute) _ .0059 per message

W e` block if the channel is fully utilized. Somewhat higher charge may be needed

it a simple antenna is used (a poor axial ratio doubles the cost. because the

orthogonally polarized charnel is not allowed) - and to allow for continuous,

non-VUX operation. Also, two channels (one on each satellite may be needed - 	 r
this need not increase the charge if both channels are fully utilized). Also

two trunks per connection are needed, one between the mobile and NOC and

another between the NUC anu the "dispatcher". Considering, all of these

factors about .039 a message olock is an approximate charge for the spa-e

segment. For an average of two messages per day (including an occasional

position location measurement, the monthly charge per mobile is 1.89/month.

J	 The cost of udta processing must be added to this.

w.

h.	 .
,

u

p

k

Ine gateway cost, if dedicatea to this type of service is a significar:t cost.

Consider, as an example, a simple fixed tuned gateway (no dial-up services)

operati++g exclusively in the interative data mode. At a nominal installed

cost of $100,000, 10 year life, 10% interest, 5% annually for 0 & M, the

gateway annual cost is $26,381 or .$2,198 per month. If the dispatcher is

handling a fleet of say IUO trucks, the cost of service is about $22/month per

truck. Of course, if the gateway also is used for other purposes, such as	 r`a

aial-up voice or data, (or shared for CATV distribution, etc.), the shared

cost can be considerably less. The cunclusiuo is that the interactive

adtd/position service, (oasically a packet network), is inexpensive with

regard to space segment and gateway charges for fleet use, provided the

alpnd-numeric messages to and from the mobile can be structured to be cost

effective to the service. Outgoing messages to the mobile can providt hard

copy routing messages, (weather and highway conditions, etc.) whereas return

messages can consist of cargo/trailer status and location. The mobile

transceiver should be inexpensive, using a fixed antenna, single channel

(untuneu) transceiver with low speed MODEM and CODEC.

table	 4.4-b	 uescribes	 call-minute	 charges	 and	 Table	 4.4-1 describes	 monthly f

subscriber charges for the "optimistic"	 traffic projection. These charges	 are

less than those previously shown (for the "likely" case)	 oecause of the higher ^u

traffic	 demand.	 However,	 the	 10-15%	 lower	 values	 are	 all in	 proportion	 to yt

those previously discussed, 	 ana	 the	 absolute	 values	 do not alter the comments `)

and	 observations	 con-erning	 service	 viability	 and	 market	 "niches" previously

4
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ORIGINAL PAGE W
OF POOR QUALrN fable 4.4-1. Typical Monthly Subscriber Char ye, Uullars,

Based on "Optimistic" Traffic Projection,
(P = 2, T•F•1)

SE FIRST GENERATION SECOND GENERATION

^— I =0.2 1=0.4 1=0.2 1 =0.4

Cm (4 kH:)	 TRUNKING $	 11.38 $	 21.67 $	 10.29 $	 13.15

Cm (4 kHz)	 STAND-ALONE RADIO
TELEPHONE * 29.36 55.91 26.55 33.92

Cm (15 kH?) RADIO TELEPHONE 127.40 239.70 114.25 201.60

Lin (30 kHz) RAU1O TELEPHONE 281.05 528.65 252.15 444.55

* E _ 1

i

ti':	 4

r	 ^

Idule 4.4-8 describes subscriber call-minute charges and Table 4.4-9 describes

monthly subscriber charges for the "conservative traffic projections." These

criaryes are significantly higher because, for this case, the lower subscriber

base is more significant than the decreased satellite costs.

The dispatch and stanu-alone radio telephone systems are still attractively

priced, at least at the lower investment return (20%). The cellular

compatiole rauio telephone has both high call minute and monthly charges but

is probably still attractive particularly at the lower investment return

(2U%), as discussed previously. The first generation satellite for this case

has 9 beams anu a 55' UHF antenna, considerably beyond the state of the art

for 1987, the first year of annual operation.

i

4.4 4 DISCUSSIUN ANU INTERPRETATION OF RESULTS

4.4.4.1 Introduction

Section 4.4.3 described typical cost results for the postulated markets

(optimistic, likely and conservative), for the postulated services (cellular

compatible and stand-alone radio telephone, dispatch, and interactive

data-position location) for a multiplicity of derived and assumed parameters

(e.g. spacecraft cost vs. power, mobile antenna gain, peak to average factor,

mobile noise temperature, etc). Methods were described for computing call



^i

i..

ORIGINAL PAGE iS
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Table 4.4-0. Subscriber Call-Minute Charge for "Conservative'
Traffic Projection (P-2, f=F-1)

f =0.2	 1 =0.4

LIKELY ASYMPTOTIC LIKELY ASYMPTOTIC

FIRST GENERATION

C s (4 kHz) 9.3 6.3 16.80 11.6

C s ( 15 kHz) 34.4 24.4 62.3 43.2

C s (30 kHz) 76.1 54.2 137.3 95.2

SECOND GENERATION

C s (4 kHz) 8.06 5.7 14.6 10.1

C s ( 15 kHz) 29.9 21.3 54.0 44.8

C s (30 kHz) 65.9 46.9 119.0 82.4

minute charges and monthly charges. The reader therefore is provided a

methodology so he may compute his own array of system charges for whatever

situation can be envisioned. Of course, the methodology developed is not

unique, and alternative „athods also can be used. It is believed that the

results are sufficiently accurate and sufficiently representative of

operational system costing (and pricing) methodology that the previously

described results can be used to evaluate the significance of the results and

the importance (or lack of importance) of various system parameters. This

section, therefore, is an interpretation of those results believed to be

important.

4.4.4.2 Space Segment I nvestment

Space segment investment is, for all intents and purposes, directly related to

the subscriber charges (small variations are due to the two payback

schedules). However, the space segment investment consists principally of
4

sateliite recurring and non-recurring costs and launch vehicle costs. While

the estimates are as accurate as can be expected of the modeling procedure,

that is, within 20%, large differences may arise due to the procurement

conditions actually existing.	 For example, if more than one system is
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Table 4.4-9. Typical Monthly Subscriber Charge, Dollars
Based on "Conservative" Traffic Projection,

(P • 2, T%F•1)

USE

FIRST GENERATION SECOND GENERATION

I=0.2 1=0.4 1=0.2 1=0.4
Cm (4 kHz)	 TRUNKING $	 20.35 $	 36.78 $	 17.65 $	 31.96

Cm (4 kHz)	 STAND-ALONE RADIO
TELEPHONE 61.07 110.33 52.93 95.88

Cm (15 kHz) RADIO TELEPHONE 225.91 409.13 196.4 354.6

Cm (30 kHz) COMPATIBLE RADIO
TELEPHONE 499.75 901.65 432.75 781.50

prucureu, such as one for the U.S. and one for Canaoa, or possibly a multibeam

INmAkSAI	 (maritime mubile satellite), the non-recurring cost could be

significantly less.	 in addition, if a standard low cost trans-stage is not

available, the cost for launching also can be significantly higher.	 These

uncertainties are believed to dwarf the errors in the modeling. It should

also be noted that Concept D is not capable of launch with the present Shuttle

configurations.

Anutner consideration is that the present Study did not include detailed

satellite concept design or optimization. 	 It	 is believed that the

optimization procedure in particular might be significant. 	 For example,

Concept D makes use of full-on-board FDMA routing and switching - perhaps a

partial switching capability might serve. 	 Concept D' requires high power

because of non fading at Ku Band - perhaps adaptive power control, use of

Iaryer gateway antennas or the use of several Ku Band beams with a modicum of

switching could reduce satellite weight significantly.

Finally, component weights and powers are based on present usage and

expectations and lower values might bc obtainable with k&U. For example, the

narrow frequency separation between UHF (and S-Bann) receivers and

transmitters results in stringent filter requirements, not only for diplexing

but also for "notching" the transmitter intermodulation noise that lies within
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the	 rcc-ive	 bane.	 Metallic filters	 were	 assumed	 althoughg	 graphite-epoxy

composite	 material	 might	 save considerable	 weight.	 In	 the	 multiple	 beam

sdtellites	 in	 particular,	 the	 weight	 of	 filters	 and	 switches	 (fur	 ring

reuun(jancy)	 was	 significant. The	 weight	 of	 UHF	 ^iwer	 amplifiers	 was	 always

insigniticaut	 bi.cause	 of	 the low	 powers	 postulated	 and	 the	 high	 power

capabilityper	 device.	 As lncted	 previously,	 the	 on-board	 (SS-FDMA)

_ranneiization	 and	 switching system	 for	 full	 flexibility,	 for	 a	 100	 beam

satellite	 requires	 substantial weight	 and	 power.	 k&U	 might	 reduce	 these

effects	 signiticdntly.	 The weight of the multi oeam antenna based on previous

uetdileu	 stuuies	 and on k&D	 is believed	 to be	 representative.	 The	 results	 of

the	 above	 considerations	 is believed	 to	 have	 resulted	 in	 conservative

estimates of spacecraft weight and cost.

Spdce seginent cost versus capacity, Figure 4.4-1, has several inflections and

features wrrth noting. First, over the 10 dB range in UHF power considered,

spacecraft weight (and cost) w is little affected except for the (low gain)

single beam, or "few beam" cases. Starting from Concept A, the 1 beam case,

satellite weight anu costs escalate rapidly with capaci t y because of the

substantial increase in antenna weight and transponder weight required for

multiple beam operation, particularly for the lower powers. Over the piddle

range, to auuut 31 beams, (the largest capacity attainable with a single beam

S-nano Fixea Services link) cost versus capacity increases more slowly (see

the slope - 112 line). Power over the range considered is not important, and

weight is increasing more or less in proportion to the number of antenna

	

earns.	 For greater than 31 beams, the cost versus capacity slope again

uicredses toe to the affect of the fixeu services link. Two cases were

examineu, one made use of multiple S-Band beams (to generate the necessary

bdnUw7Utl1) coupleu with on-board PUMA routing and switching, and the other

made use of a single Ku Band beam with no on-board switching. In the latter

case, power increaseu substantially because of the use of a single (lower

gain) antenna beam, rain attenuation and attendant increase in sky n o ise, and

a nigher receiver noise figure. In this region, a slope of approximately one

means that the system has lost its "economy of scale" and space segment costs

will be inaependent of capacity.	 Several suggestions are offered to reduce

costs in these regions:

ORIOiNIAL PAO•::' '4

1. Increase gateway antenna size.	
OF POOR QUAMY

2. Add multi p le beam Ku Band capability.

r
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3.	 Add downlink (Yu Band) power diversity.

It is probably undesirable to increase the antenna diameter because of added

antenna costs and costs for antenna tracking. As described subsequently, low

gateway costs are a key element in both the economy and flexibility of a

mobile satellite system. Multiple Ku b .in, beams requires routing between the
beams, probably u^ 4nq switching. This enables a better balance between

satellite weight and power; this method is probably preferred. The third

method, using downlink power diversity, requires UHF uplink power diversity at

the mobile an;, is not likely to be desirable, particularly with low gain

mobile antennas, due to excess power amplifier requirements.

Finally, other access methods besides FDMA can be considered. TDMA with on

board processing might Lave some ad;>antages despite lack of compatibility with

existing terres r lul sy:. ems and equipment. In this method the uplink is TDMA,

and an on-board processor demodulates, decodes, buffers and switches these

TDMA bursts so as to form TDMA downlink streams, with all traffic only in the

correct beams. Low speed TDMA in the uplink is required to limit the mobile

amplifier power. Signalling can be accomplished as described herein.

A user, requesting service, is assigned a TDMA slot which is routed via the

satellite processor, to the correct downlink beam, for reception. When the

call is completed, the TDMA slot is available for another user.

Such a system has some challenging aspects. Besides lack of compatibility,

present methods for digitally encoding near-toll-qualit.t e voice at reasonable

costs, such as delta modulation, require significant bit rates - approximately

32 KBPS i20 KHz noise bandwidth for quadraphase PSK). As a result more

satellite beams (compared to SSB) will be required to generate the same

capacity. Mobile power also must increase in order to support the uplink

"burst"; a 400 KBPS burst results in a 12.5 times increase in mobile HPA

power.* The mob-Ile must then use a more expensive burst MODEM and CODEC, and

have TDMA timing equipment. It is not obvious that space system costs have

*

Mobile power is limited by radiation considerations.

4-124
	

WPC-0113M-24M



l

been reduced since the effect of the wider channel bandwidth requires more

antenna beams. Thus while the space segment may have benefitted by lower

weight and cost, mobile equipment costs have also increased significantly. A

detailed study is needed to examine the attractiveness of this system.

4.4.4.3 Fixed Link Operation

Use of S-Band is desirable because the lower tolerances should reduce gateway

equipment and instai ation costs and enable more reliable and efficient

(linearized) satellite amplifiers. However, there are several disadvantages

to the use of S-Band.	 Lack of earth station activity in the band will

certainly increase prices. The satellite antenna is certainly larger.

However, a more fundamental objection is the unacceptable interference

generated in the satellite up link by the terrestial services in this band,

particularly ITFS. This subject is discussed more fully in Section 4.5. It

appears that Ku Band is the best alternative. This band will make extensive

use of small earth stations (including low cost DBS earth stations in the

adjacent BS band). Terrestial coordination is minimized and orbital slots can

still be reserved for an LMSS. Rain fading is a problem but relatively low

availability requirements (say 0.999) minimize this problem. Efficient

orbital utilization can be attained if the mobile satellite either contains

the required number of Ku Band transponders for fixed (non-LMSS) service

operation or is co-located with a Ku Band fixed services satellite such th4t

the total available band is used by the combination.

4.4.4.4 Power and Margin

For the first generation system satisfying the "likely" market projection, a

capacity of 38,000 circuits results in a space system cost that varies only 5%

over a 10 dB power range. This difference is very significant for low

capacity 0 beam) satellites but totally insignificant for the very high (100

beam) satellites.

For the case of electronically or mechanically steered antennas, with a

projected on axis gain of approximately 10 dB (which was the basis for the

so-called "nominal" link) it appears easy to provide an additional 10 db

margin.	 Since quality in the "nominal" link was acceptable (for mobile

^rvices) to begin with this margin may be used to assure service under

stressed conditions, that is, in situations such as those encountered in urban

areas where severe multipath from buildings and man made noise from
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automobiles is encountered. The principle virtue of the steered antennas is

in their ability to reject multipath and noise. While it is difficult to

quantity this advantage in the complex urban environment, the effectiveness of

the antenna (it is recognized that "effectiveness" in the context is somewhat

subjective) is roughly proportional to the gain, relative to the lower gain

alternatives.	 It is apparent that such antenna: are advantageous to LMSS

particularly for operation in suburban and urban treas. In addition , the

large margin also can reduce and may accommodate c.e fading due to some forms

of shaaowing, like trees. In summary, the steered antennas allow

1.	 A large fade margin	
o

L.	 better suppression of multipath and noise

3.

	

	 Better axial ratio (over the limited beamwidth) in order to reject
the unwantea polarization.

The cust of these antennae may be the principle objection. However, a 10 dB

gain antenna has a 3 db beamwidth of about 55 degrees. Consequently, steering

neeu not be precise, and only steering in azimuth is required. Either a

rotary joint or "wrap around" cable can be used for the mechanically steered

antenna.	 A simple inexpensive steering method is "step track" using the

satellite system cummon signalling channel carrier as a reference. In this

metliud, toe carrier level is measured and stored, the antenna is stepped in

aziinuth and the new carrier level measured and compared with the previous

value. if the level has increasea, another step is taken in the same

direction. if the level has decreased, a backward step is taken, etc. The

cost of the mechanically steered antenna, while certainly greater than that of

a fixed antenna should be acceptable, particularly for dispatch applications.

The yagi (or similar structure) with raaome is simple to manufacture (it is a

favorite. low cost TV antenna), a stepper motor also is inexpensive and the

step track processor trivial. 	 The electronically steered antenna also is

inexpensive to manufacture* except possibly for the phase shifter diodes.

ORIGINAL PAGE 18
OF POOR QUALRY

The reader is referrea to Section 4.6.2 for a complete discussion of these
antennas.
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The low gain antennas for vehicles or pedestrians or both are lightweight and

O'Clnttvely Conipdct with effective gains 6 to 10 u8 less than the steered

antennas.	 Thus, additional margins can be provided for these types also.

Iluwever, the auility of these antennas to suppress grounu skip and ground

(thermal) noise, building multipath and man made noise is considerably less.

Such antennas are strongly coupled to their environment, the beam (or null)

shaping capability is limited and poorer axial ratio over the larger beamwidth

is d certainty.	 It is apparent that axial ratios exceeding 4 db may be

experienced. Isolation, assuming an ideal satellite antenna, versus axial

rdtiu is plotted in Figure 4.4-7, indicating that axial ratios of 4-5 d8

result in only 10 dB of total isolation. This may be sufficient if additional

isolation is obtained via interstitial spacing and companders are used.

Reference (1) describes isolation characteristics (corresponding to a signal

to interference ratio of 20 db) of amplitude compandored SSB. At 2 KHz offset

the worst case isolation corresponds to two interfering SSB carriers whose

* c total power is 14 db greater than the wanted signal or a total isolation of 34

db. The interference is negligable. Reference (1) also describes isolation

characteristics of compandored FM. AT 15 KHz offset, the worst case isolation

	

1	 for two interferring FM carriers is about 34 db; coupled with 10 d6 antenna
s

isolation the interference is completely ne:-gligable. It appears, therefore,

that the pourer axial ratio will not prevent frequency re-use with orthogonal

poldrizdtions, provided companoors are used. The antennas still have limited

'	 duility to reject multipath and noise, however.

With a nominal mobile antenna gain of 3 db d margin of only 3 d8 is obtained

	

I	 over the case of nominal performance plus 10 d8. The 10 dB increase in power

Cis obtained by a cost increase of 6% as described previously. To explore the

i cost of larger margins Concept C was examined for the case of 17 dB more UHF

power than the nominal :ase. The UHF transmitter weight and power system

weights were then computed. Total power (Concept C3) increases to 5550 watts

and total weight to 5024 pounds.

	

..:	 Figure 4.4-8 depicts space segment investment versus spacecraft weight for the
4F.'

lb concepts (D and U' each resolve into a point) or 5 concepts at 3 power

levels.

OR1GbI^hL.

OF F'OOR QUALrN.
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Spacecraft costs are treated as a continuous function by the dashed "trend"

line. Based on this trend, Concept C3, with a mass of 5000 pounds, costs

$95011 compared to Concept C which costs $16019 or a change of 25%. Since

investment is directly related to Subscriber charges (almost exactly) a 10 dR

margin for a fixed antenna system with a useful gain of about +3 dbi requires

an increased subscriber charge of 25%, (compared to 6% for the steered

antenna). Referring to previous results in Table 4.4-5, a 6% increase in the

stand-alone monthly radio telephone service charge is $2.03 per month; for

compatible radio telephone it is $18.95 per month. For 10 year equipment life

and 10% interest, these monthly charges are equivalent to an investment of

$150 for the stand-alone radio telephone and $1397 for compatible radio

telephone.

Referring again to Table 4.4-5, a 25% increase in the stand-alone monthly

radio telephone service charge is $8.47 and $78.96 for the compatible radio

telephone. These charges are equivalent to investments of $885 and $5822.

These charges may help us to discover subscriber strategies with regard to

margins.

For example, consider a stand-alone radio telephone subscriber with a fixed

low gain antenna (assume Odbi). He requires 10 db more power to attain the

nominal link performance. He can pay 6% more or $2.03 per month for increased

power. Alternately, we can recognize that the charge is equivalent to an

investment of $150 ($244 if the time span is forever). Therefore, if the

installed cost of the steered antenna is less than $150 ($244 if he takes the

long view), he will prefer the steerable antenna (and get better performance

with regard to multi path and man made noise). The mechanically steerable

antenna is expected to cost considerably less than $150. If he is a cellular

compatible subscriber the steerable antenna is obviously always a better

economic choice.

This conclusion is not valid for everyone. If the mobile operates only in the

interactive data mode, or if the voice mode entails only occasional use (less

than .01 erlang) he will likely prefer the fixed antenna.

In conclusion, it appears economic for heavy users to prefer the more

expensive steerable antennas and light users to prefer the less expensive

fixed antenna. For this reason, it may be expected that varieties of mobile
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antennas will actually be usea depending on Lie service use. Mobiles expectea

to penetrate suburban and urban areas with reliable communications (except for

shadowing) will likely prefer the higher performance steerable antennas.

4.4.4.5 Modulation and Channel Bandwidth

As describeu previously, narrowoano modulation systems such as compandored SSB

are attractive for use with satellite systems, offering low cost, no threshold

operations, intelligibility at faded signal levels and considerable resistance

to co-channel and adjacent channel interference. With SSB, the system design

must provide a means for AGC (done via the common si;nalling channel in

stana-alone systems) and AFC which is provided via a modulated reference

'

	

	 carrier transmitted along with the audio. 	 Compandorea SSB quality is

acceptable for mobile services.

Use of lb KHz companaored FM also is attractive, however, lower bandwidth is

even	 more	 attractive.	 A	 combination	 of	 over	 deviation	 (deviation	 exceeding

Carson's	 rule)	 and	 narrowband	 filtering,	 might	 reduce	 the	 center	 to	 center

spacing to 10 or 12 KHz, thereby reducing cost.

This	 topic	 is explored	 in keference	 (2)	 in the context	 of	 a terrestial	 mobile
1+.

radio	 system.	 Good	 results	 are reported	 for	 a	 so called	 12.5 KHz PM	 system

(Fri)	 with ±2.5 KHz peak	 deviation,	 0.3 to 2.6 KHz audio	 in	 an	 IF	 bandwidth	 of

7.5	 KHz.	 No	 compandors	 are	 usea,	 (the	 report	 also	 discusses	 the	 relative i

merits of other moaulation methods such as SSB and comP andorea SSB and FM). h

The proolem of compatiblity (e.g.	 cellular compatibility)	 also	 is	 an	 important

` issue.	 It	 is apparent	 that considerable penalties 	 in cost and performance are

imposed on the LMSS by compatibility. 	 The present cellular design evolved by
4

optimiziny	 [he	 system	 to	 obtain	 best	 threshold	 performance	 and	 costs.	 The
^

;a. cellular	 system	 is	 basically	 a	 short	 range	 adaptive	 mobile	 radio	 system

(Iimiteu by 4	 wdtts	 transmitter power).	 Therefore,	 it	 is	 not	 surprising	 that

an	 optimizea	 satellite	 system	 with	 good	 performance	 and	 cost	 uses	 quite

(r' different parameters. 	 LMSS	 should evolve	 in a way where these parameters can

be used,	 hence the	 stand-alone dispatch	 and radio telephone	 systems described +
F.

-! herein.

i
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What is surprising is the ability of the satellite to work at all with the

terrestridl parameters. For example, a minimum cellular terrestrial mobile

requires only an improvement in noise figure. With +10 db more UHF satellite

power, anu a linear polarized monopole (with a gain of +2 dbi, and a 3 db loss

for circular to linear polarization conversion), the performance i:: 1 db

poorer than the nominal link (NF = i db). 	 The antenna temperature also is

considerably poorer.	 Still, it appears that the link is above the FM

threshuld. This operation is marginal at best, and is not recommended,

however, it might have some uses for cellular subscribers desiring minimum

ntudifications, (note other mouifications such as to provide VUX operation also

are required).

4.4.4.6 Pedestrian Antenna

In the terrestrial system considerable convenience is afforded to some

subscribers who can remove the mobile radio from the vehicle and use it while

uutsiue the vehicle. A special antenna and batteries are required, and of

course the batteries are recharged when the radio is returned to the vehicle.

Police, building contractors, emergency service and search and rescue

activities, etc. find this convenient, and, of course, the service is short

range so that little power and a convenient (collapsible) antenna is possible.

Fur LMSS, this concept requires modification because of the long range to the

satellite. As discussed previously, a whip antenna might conceivably be

used. A 11 db increase in satellite power overcomes a 13 db loss in antenna

gdin, (compared to the steered antenna) providing something less than 4 db

better performance than the nominal case (the antenna noise also is

considerably higher). The subscriber pays approximately 25% more for the

power increase (as discussed previously) which is perfectly acceptable if

narruwuand modulation is used. However, performance will be poor because of

multipath (fades of 20 to 35 db depending on where the subscriber is standing

and how he is moving). Man made (ignition) noise also may be troublesome if

tie is in a suburban or urban location. Consequently, the antenna, while

convenient, will result in poor service. A major improvement can be realized

by the use of a small circularly polarized antenna. Section 4.6.2 describes

an example, a drooping dipole antenna and "cup". 	 The assembly is made of
	 r

metallized plastic rods and metallized foam cylinders (for the "cup") to

M
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provide a light weight assembly, all covered by surface hardened foam. A

telescoping supporting mast and a flexible coaxial cable completes the
assembly. The assembly is very lightweight and reasonably convenient. For a
satellite system having most subscribers in rural/remote or suburban areas

applications for pedestrian type mobile radio will emphasize government and	
.0

husiness applications; examples are search and rescue teams, fire fighters,

agricultural communications, etc. and not consumer oriented radio telephone.

Vieued in this light the drooping dipole antenna provides a good compromise

between performance and cost.

I

^4

WPC-01 I M-15114-132



REFERENCES

(1) UHF Task Force Report, "Spectrum Efficient Technology For Voice

Communications", Bruce Lusignan (Technical Report 022)., Stanford

University, February 1978.

(2) Modulation Technique for Land Mobile Radio by F. Hansen, Storno A/S

(Denmark) Report FH 5100.

4-133
	

IIPC-0113M-15M

'



I

4.5 GATEWAY TERMINALS

t

Im

WPC-0138M-19M



p	 4.5 GATEWAY TERMINALS

4.5.1 INTRODUCTION

The fixed link portion of the mobile communication may be accomplished either

at Ku Band or S-Band by the "Gateway" terminals. These are small earth

stations located on or near the premises of mobile operators; these premises

may be a local telephone exchange, a dispatcher, a "command post", or a

central computer for data processing. It is important for the gateway

terminals to be low cost despite the sophisticated functions that are needed

to be performed. Envisioned as using generic SCPC (single channel per

carrier) format and full demand assignment the gateway responds to a common

signalling channel and via a frequency synthesizer, tunes to the correct

channels for reception and transmission. The gateway is, therefore, equipped

to satisfy the requirements of the local operator. It is not clear at this

moment, nor is it important for the conduct of the study, who owns th? gateway

V	 terminals. These can be owned by the local operator or leased by the system

operator.

The cost of the gateway terminal determines its importance in the network. If

the )ateways were very expensive for example, the system might have just one

gateway, and all fixed link signals distributed to and from the gateway by the

national telephone network. Such an operation incurs large, long-distance

telephone charges. Alternatively, each operator can have a gateway in which

case the national telephone system is used only for the local distribution of

the mobile telephone service, and occasionally for long dis tance via the TELCO.

If the gateways are distributed evenly over the U.S., the number of gateways

N, versus half the distance between gateways is the following:

N	 D, Miles

	

10	 272

	

100	 86

	

1000	 27

	

10000	 9

At least a thousand terminals are needed to eliminate long haul toll charges. i
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The implications of such an arrangement can be examined by considering the

cost to connect an operator to a nearby gateway. As illustrated in

Figure 4.5-1, the outlying operators (who could be a radio common carrier,

another wireline carrier, a dispatcher, or a computer facility, etc.), can

connect to the gateway located at the TELCO exchange using dialed or leased

TELCO lines, radio relay or another gateway. The choice depends on the

relative cost of each of these connecting facilities, the distance, and the

operator's anticipated local traffic, which is assumed to be voice.

F,.r traffic intensity computations erlang "B" is used with a peak to average

load factor of 2:1.

4.5.2 DIAL-UP TELEPHONE

In this arrangement, the voice traffic, received by the central TELCO p ia its

gateway is distributed by the dial-up telephone network to the destinations in

its vicinity. Unfortunately, there are lots of choices in telephone rates for

medium range distances. The most expensive, given in Table 4.5-1 is for the

AT&T long distance, day-time rate (which, however, is relatively distance

s	 insensitive over the ranges of interest).

GATE-
WAY	 COMPUTE

i
/	 i

TELCO

EXCHANGE

RCC DI

 r PA 
S-

CHER

Figure 4.5-1. Concept for Satellite Access via a Gateway Terminal
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Hours Evening
5.	 P.M. 5	 p.m.	 -	 11	 a.m.

n. ¢ /Min.

0.3/29 22.0/18.9
7.7/25.8 19.9/16.8
5.1/22.6 18.1/14.7

2.2/19.1 16.0/12.4

y

t
a

a^

<4

Night

11 p.m. - 8 a.m.

e/Min.

14/10.1

CAIGINAL PAGE 19
OF POOR QUALM Table 4.5-1. Typical Dial-Up Long Distance Rates

1st Min.	 2nd Min.
Approximate	 Rate	 Rate	 Avg. l.b Min.

Mileage	 a/Min.	 O/Min.	 a/Min.

Pluladelphid - NYC	 9b	 57	 37.4	 50
Pnilauelpnia - binghamtor,	 140	 58.6	 39.4	 51.4
Philadelphia - Cleveland	 338	 59.6	 42.4	 53

wdts (Wide Area Telephone Service) rates are cheaper but more complex. Table

4.5-2 is a schedule for WATC for Band 1 which, for a company quartered fur

example, in Philaaelphia, extends to New York, New Jersey, Connecticut,

Delaware and Maryland - distances up to 350 miles. Table 4.5-3 is a schedule

for banu 2 wnich extends to approximately 500 miles.

.

vl

Table 4.5-2. Incoming/Outgoing WATS Charges for Band 1

i s (Pnilauelphid to New York, New Jersey, Connecticut, Delaware, and Maryland -

approximately up to 350 miles); Line charge, incoming (minimum) - 2 x

$3b.80/1110., outgoing $31.65/mo.

INCUMING/UUTGOING



— —11	 1

'	
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Table 4.5-3 Incoming/Uutgoing WATS Charges for Band 2

(Philddelnhid to Uhio, West Virginia, North Carolina, Vermont, Massachusetts,

new Hampshire, khoue Island - approximately up to 500 miles), line charges

yiven in lable 4.5-2.

INCUMING/UUTGU.NG

busy Hours	 Evening	 Night

	

8 a.m. - 5. p.m.	 5 p.m. - 11 a.m.	 11 p.m. - 8 a.m.

	

Hours Used	 ¢/Min.	 E/Min.	 O/Min.

	

U - 15	 30.9/32.3	 22.313121

	

15 - 4U	 28.3/28.7	 20.3118.7	 14.1111.2

	

40 - 80	 25.6/25.2	 18.4/16.4
80+	 22.6/21.3	 16.3/13.9

` Inure are also different rates within a state. Pennsylvania, for example has

d limited charge service, restricted to Eastern Pennsylvania for both large

and small businesses, anu an unlimited state-wide charge service, for large

anu small businesses. 	 These cover significant distant,: s i nce this state is

e9U miles by 160 miles. 	 Presumably other states have similar services

k
although it is expected that rates in the west will be somewhat higher because

ur the lower population density. 	 Tabulated in Table 4.5-4 and Table 4.5-5,

the small business rates are favorable for less than 10 hours of service and

the large business rates are favorable for greater than 180 hours of service.

These lines are dial-up.

the results, uisplayea in Figure 4.5-2 stow the aay-time cost per minute

versus erlanys for the various TELCO services. WATS, Bands 1 and 2 show costs

30 to 404 per minute for intensities greater than 1 erlang.

t
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Table 4.5-4.	 Pennsylvania Limited Coverage (East) TELCO Rates
For Small	 and Large Business Services

1 Rate for Rate for

Call Maximum Max.	 Hrs. Exceeding Hrs. Service

•	 Uirection Hours /Min. 4/Min. Types

Incoming 10 0.4 14.8 Small	 Business
Outgoing 10 U.3 13.9 Small	 Business

Intoning 180 1.7 3.8 Large Business
Uutgoing 180 1.6 3.3 Large Business

Table 4.5-5.	 Pennsylvania - Wide Coverage TELCO Rates for Small
% and Large Business Services

kate for	 Rate for

Call	 Maximum Max. Hrs.	 Exceeding Hrs.	 Service
G Direction	 Hours O/Min.	 t/Min. Types

r Incoming	 10 0.5	 26.5 Small Business
Uutguing	 10 0.4	 24.8 Small	 Business
Incoming	 180 2.4	 4.7 Large Business
Uutgoing	 180 2.1	 4.2 Large Business

is	 I
r,	 P4 Below	 1	 erlang	 intra-state rates or WATS or dial-up may be used	 depending	 on

r the	 local	 telephone	 services available.	 The	 dial-up network,	 of course,	 sets

an	 upper	 bound	 on	 the costs	 particularly	 at	 light traffic	 loads.	 Small

z business service,	 if	 available,	 is cost effective below 0.1	 erlangs.

The telephone network is one method for distributing the mobile signals from a

t distant gateway..	 Other methods are examined in the following sections.

4.5.3 LEASED LINES

In this case, a connection from the gateway to the operator's premises is

provided by leased lines. The operator then provides manual or automatic

switching to connect the calls to a local resident.
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Rates by AT&T (which are not the lowest), but, which are generally available

are defined between cities. There are 400 "A" cities, however, recognizing

the non-uruan characteristic of the service, the rates between "A" and "B"

cities were selected. These are plotted in Figure 4.5-3. Computing the

traffic intensity for a 0.05 grade of service and assuming a peak to average

tactor of 2:1 the call costs for leased lines (no switching costs) can be

estimated and tabulated in Table 4.5-6 and plotted in Figure 4.5-4.

Taoie 4.5-b.	 Call Charges for Leased Lines with Grade of
Service =	 .05, at Various Uistances
(1982 AT&T Tariffs for A-B Cities)

20 Mile 100 Mile 500 Mile Erlarigs

Uistance Rate Rate Rate Peak)

1	 -	 Trunk 20.8E/min. 36.8E/min. 116E/min. .05
Z - Trunks 5.50/min. 9.7E/min. 30.5E/min. .38
3 -	 Trunk!; 2.30/min. 4.10/min. 13.10/min. 2.22

lU -	 Trunks 1.70/min. 3.00/min. 9.30/min. 6.22

Comparison of Figure 4.5-4 with dial-up charges in Figure 4.5-2 shows that for

little traffic, say 0.05 erlangs, a leased line breaks even with WATS at

druund 30U miles. Beyond .1 erlang the leased line costs less even at short

distances. The leased line is more expensive at very low traffic intensities

(goes to infinite cost at zero erlangs).

4.5.4 RADIU RELAY*

Rauio Relay systems can be used to connect a distant gateway to an operator.

Typical costs for towers is given in Table 4.5-7,(1).

Table 4.5-7. Radio Relay Tower Costs

Termination Ends	 Relay Tower

Initial Cost	 $	 20,000	 b 20,000
Shipping/Installation	 6,000	 81000
FCC Per-its	 9,000	 9,000
Irunk Costs	 5.000 x N	 - -

37,000 + $5,000N	 $ 37,000

ORIGINAL 
PAGE 1 YOF POOR Q
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C7	 the	 tower	 is	 procured
	 for
	 local	 usu by	 the operator who	 roust	 obtain	 he	 FCC

permits and purchase the equipment. Capital recovery factor	 (CRF)	 is	 based on

10% for	 10 years with 5% added for 0&M for a total	 CRF =	 0.21215.

CUUiputdtions of cost versus number of trunks and distance covered by the radio

relay are listed in Table 4.b-8 and plotted in Figure 4.5-5. 	 Radio relay

costs decrease dramatically with traffic	 intensity but also increase

drdmdticdily with distance. The zero erlang cost is infinite.

4.5.5 EARTH STATION GATEWAYS

In this case a gateway earth station is located on the operator's premises and

connected directly either to the local telephone company (switch in the case

of radio telephone, or to the dispatcher's control console or to a computer,

etc. in the case of dispatch). A simplified block diagram is given in Figure

4.5-6 which depicts an SCPC (single channel per carrier) terminal for voice

'	 and wideband data. A common signalling channel (CSC) places each MODEM on the

assigned frequency,	 (via the frequency synthesizer)	 according to the

instructions received from the Network Operating Center, assumed to be a

single centralizeG control c•^nter. 	 The common signalling channel also may

adjust the HPR power to c„iform to the number of simultaneously activeti
channels and provide earth station control and alarms. The common signalling

4

cndrinel primary functions, however, are to adapt the satellite system to the

signalling structure of the national telephone network.

For example, when a mobile address is being dialed and this is being routed to

the gateway terminal, the gateway must store the dialed digits while

simultaneously requesting a channel from the Network Operating Center.

Presuindbly the request identifies the required satellite power and bandwidth.

After channel allocation, the stored address is then relayed in-band to ring

the muoile. Tne mobile emulates this sequence when it originates a call.

It is presumed in the following analyses that the gateway operates at UHF and

S-band, using FDMA/UAh1A (SCPC), and that it will be expected to serve in the

interim as well as the more mature periods of the system operation. A "single

threau" design is assumed since the communications can, in principle, be

routed via a neighboring gateway and TELCO should the local gateway fail.
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.,,r	Since the gateway terminals may exits n. i Wye nnn^LPY^,	 w I I I be

6i i
assunieu	 to reduce	 production costs	 of	 gateways.	 tend,	 she lter,	and

environmental control for the gateway is already available from the operator.

Site preparation and installation are assumed not to be out-of-pocket costs.

However, the final test ("commissioning") and frequency coordination and

filing is proviued by the satellite entity, or similar entli>.

The antenna	 is a fixed	 3 meter prime	 focus	 fed	 parabolic	 reflector	 and	 mount

with a	 simple foam filled	 horn, foam	 filled	 coax	 transmission	 lines	 and	 OMT.

file estimated small-quantity	 cost* in	 19&	 dollars	 is	 $4,000,	 (approximately

$100 added for feed).	 The cost approximately satisfies 	 the	 relationship;	 Cost

(1982 (jollars) = 161 + 1540
1 ' 47

 where D = antenna diameter, feet.

While tradeoffs minimizing costs are possible, for example, minimize the total

cost of antenna plus HPA, and minimizing total cost of satellite (S-band) HPA

versus gateway antenna, such trade-offs are not believed to be of any great

significance. First, the 3 meter antenna cost already is a small portion of

the total gateway cost; further reducing its size has no significant economic

benefit and increasing its size, say to 4 meters still will not result in its

being d dominate cost, however, installation by the operator then becomes a

problem. Seconoly, it will be seen subsequently that the multiple beam

satellite at S-Band, if used, with its higher antenna gain further reduces the

gateway required performance, and therefore, reduces the significance of any

traue-offs.

Table 4.5-9 lists the uplink/downlink gateway S-oar.d link parameters for

representative satellite systems having 1, 10 and 117 beans. Two modulations,

FM dnu SZ^b are examined. A b d6 HPA output back-off is assumed to apply to

multiple carriers and the peak to average factor for compandored SSB also is 6

Ob. The resulting power requirements are displayed in Figure 4.5-7. HPA

costs are only significant for large numbers of channels. The HPA costs are

based on industry discussions on solid state amplifiers using methodology

presentee in the reference(2) .	 The HPA cost is, Cost (1982 dollars)

= 22b9P' ^.
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Gateway costs can be computed using typical	 prices for existing equipment.	 A

compilation	 for	 1, lU	 and	 30 channels	 is	 given	 in Table	 4.5-10.	 HPA costs

must be added to the costs of Table	 4.5-10	 to	 get the	 total init'3l	 costs.

The capital	 recovery factor is the same as for the radio case, e.g.,	 based on

10'%	 interest	 for 10 years with 5% added for 06M**. A learning factor can be

added which is:

C CuLinN

where	 C =	 Unit cost for N units

Cu = Single unit cost, N-1

Learning factor, averaged to .95 for an earth station

The learning curve factors arf, therefore:

N = 100	 .768	 Relative Unit Cost
N = 1000	 .648	 Relative Unit Cost
N = 10000	 .546	 Relative Unit Cost

and	 are	 based	 on	 the	 assumptions	 of a	 mature	 technology,	 a	 standard,	 mass	 /v

's
produced	 product	 and	 a	 competitive	 environment.	 The	 results	 are	 plotted	 in

Figure 4.5-8.

M< Final	 comparisons are summarized in Figure 4.5-9 for the various technologies

in terms of cost per minute versus traffic intensity in erlangs 	 for the busy

hour with a peak	 to average	 factor of 2:1.	 The TELCO costs	 for	 intensities

greater than	 .4 erlangs	 are	 based	 on WATS,	 and	 those	 less	 than 0.4 erlangs
r

based on dial-up.	 An	 interstate	 (total	 state,	 and	 limited)	 is	 also	 shown	 in

E dashes because, while cost effective,	 it may not apply (there may be no such

rate structure or the route may be interstate).	 Otherwise,	 the cost for the

a leased	 lines	 (without switching), 	 radio relay and gateway earth 	 stations	 are

added to Figure 4.5-9, as developed previously.	 An average cost	 (between SSB	 i

and FM) is used for the gateways, however, production quantity cost reductions
u

("learning") also are included.

The difference in gateway costs between FM and SSB are negligible, and the

'	 difference in cost between 1 beam and 117 beams is not significant - because

rthe HPA costs are small compared to the total. Like leased lines and radio

relay, the gateway costs are infinite at zero erlangs.
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Table 4.5-10. Cost Summary for Gateway Terminals

A. ONE SATELLITE BEAM

NUMBER OF TRUNKS 1 2 10
ERLANGS, BUSY HOUR 0.05 0.38 6.22
EARTH STATION BASE COST, DOLLARS* 36,000 41,000 81,000
HPA (FM) COST, DOLLARS 2,800 .,900 10,330
HPA (SSB) COST, DOLLARS 5,200 6,600 11,570
COST, FULL TIME, FM/SSB, CENTS
PER MINUTE 1.611.6 1.80/1.84 3.53/3.58
COST, FM/SSB, CENTS PER MINUTE 60.5164.2 9.5/9.7 1.211.2

B. TEN SATELLITE BEAMS

NUMBER OF TRUNKS 1 2 10
i	ERLANGS, BUSY HOUR 0.05 0.38 6.22

EARTH STATION BASE COST, DOLLARS* 36,000 41,000 P1, 000
HPA (FM) COST, DOLLARS 1,000 2,300 3,300
HPA (SSB) COST, DOLLARS 1,600 2,300 3,700
COST, FULL TIME, FM/SSB, CENTS
PER MINUTE 1.5/1.5 1.69/1.70 3.3/3.4
COST, FM/SSB, CENTS PER MINUTE 59/60 8.9/9.0 1.1/1.1

C. ONE HUNDRED SEVENTEEN BEAMS

NUMBER OF TRUNKS 1 2 10
ERLANG, BUSY HOUR 0.05 0.38 ii.22

r EARTH STATION BASE COST, DOLLARS* 36,000 41,000 81,000
HPA (FM) COST, DOLLARS --0 —0 1,300
HPA (SSB) COST, DOLLARS —0 —0 1,400

( COST, FULL TIME, FM/SSB, CENTS
PER MINUTE 1.511.5 1.6511.65 3.3/3.3
COST, FM/SSB, CENTS PER MINUTE 60/60 8.7/8.7 1.1/1.1

r.

ASSUMPTIONS

INTEREST = 10% I
ROI = 10% I
CRF = 0.16275
OEM = 5%

20%

CRF TOTAL = 0.21275

T •
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s

At	 very	 low	 intensities,	 say	 below	 about	 0.03	 erlangs,	 the	 Telephone	 dial-up

facilities	 are cost	 effective	 -	 about	 380	 to 479	 per	 minute.	 If	 available,

the	 small	 business	 interstate	 is	 even	 less costly.	 Above	 about	 0.05	 erlangs

. the gateway terminals	 are	 the preferred	 solution.	 Leased	 lines	 less than	 100

miles	 are comparable	 in cost,	 however,	 radio relay,	 even	 at	 25 miles (2 hops)

is	 more	 expensive.	 Neither	 WATS	 nor	 the	 special	 interstate	 large	 business

service (if available)	 is cost effective compared to the gateway.

This	 is a fortunate result because 	 it means that virtually every operator will

have	 a	 gateway	 terminal,	 and	 every mobile	 call	 will	 have	 only	 a	 local	 TELCO

charge.	 Systems	 will	 likely	 evolve	 in	 areas	 justifying	 the	 gateway

investment.	 For	 radio-telephone,	 this	 will	 correspond	 to	 an	 area	 containing

the	 mobile's	 home	 base,	 (the	 system	 charges,	 of	 course,	 are

distance-invariant).	 For	 trunking	 applications,	 location	 of	 the	 gateway	 at

"headquarters"	 is axiomatic.	 Consequently, the gateway network	 is expected to

be	 very	 large,	 caused	 principally by	 the	 expensive	 TELCO	 charges,	 even	 for

short	 distances.	 In	 addition,	 great	 system	 flexibility	 is	 achieved	 if

alternate routing can be accomplished via another gateway and the TELCO. 	 Data

_ facilities	 also	 are	 favored	 because	 the	 gateway	 can	 be	 located	 at	 the
i.	

a cumputational	 facilities,	 eliminating	 resultant	 noise	 and	 bandwidth

impairments.

Above I erlang this gateway cost (or charge) is 2 to 2.50 per minute,

considerably less than the satellite charge.

Figure 4.5-9 depicts monthly gateway charges for typical radio-telephone and

trunking users showing that the gateway costs (note that the satellite portion

of the gateway link are included with the space segment) are not significant

if the gateway traffic is 1 erlang or more; one erlang corresponds

approximately to 33 rauio telephone subscribers or 100 trunking subscribers.

It is believed that similar results will be obtained for Ku Band and that the

cost of a Ku Band gateway will exceed that of an S-Band gateway by no more

than 20%. If the Gateway is provided by the satellite operator, a higher CRF,

to allow an investment return, is required.
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(1) Customer Premise Service Study, NAS-3-22890, NASA Lewis Research
Center, July 1982.

(2) Communications Technology ASsessment Study, NAS3-20364, ibid.
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4.b MOBILE RADIUS

4.6.1 TRANSCEIVERS

r

4 6 1 1 I t od ction. . .	 n r u

The purpose of this section is to define the mobile transceivers used in the

LMSS. Three generic types are considered. Une is a cellular compatible

transceiver capable of operating with either the cellular system or the

satellite system; its primary functions are to provide voice communications

(or dial-up wideband data) to extra-cellular roamers and paging service. This

transceiver uses FM. A second transceiver, based on amplitude compandored SS8

is a "stand-alone" voice unit for radio telephone. A third transceiver, also

based on amplitude compandored SSB is a "stand-alone" voice unit for private

dispatch networks. Both these transceivers are controlled by a satellite

network common signalling channel and satellite channels are assigned on

demand. The fourth transceiver is intended for interactive data exchange,

telemetry (status), control, and position location service. This transceiver

can operate with either satellite but, on fixed channels. The transmitter,

energized only when required, transmits status information back to the NOC

when interrogated by the NOC or spontaneously in the case of an alarm.

Communications to the transceiver are from the NOC only. In addition, a

transceiver turn-around function is provided for position fixing, which

requires communications with both satellites. The four receiver types are

generally defined for purposes of the Study. In actual practice, these may be

combined. For example, the interactive data transceiver can be added to any

of the other transceivers to provide a composite capability, or the cellular

compatible transceiver might be further modified to make use of CSSB for

satellite use.

4.6.1.2 Cellular - Compatible Transceiver

The AT&T AMPS vehicle transceiver (1) and frequency plan as depicted in Figure

4.b-1 is an example of a cellular radio designed for use in urban areas. It

consists of a single receive and single transmit channel whose frequency (one

of 666) is controlled by a logic and control unit. The transceivers are

designed to operate in the cellular environment which is characterized by

severe fading due to multipath, large dynamic changes in signal and

interference levels, and by extensive requirements for signalling in order to

accomplish hand-off in geographically small cells.

h
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l	 Twin receive antennas are used: the one with the strongest signal is selected

(the second antenna has since been omitted). The receiver overall noise

fiqure is 6 dR and a 10.7 Miz IF logarithmic amplifier is used to control the

signal level and provide a "received signal strength indicator" (RSSI), which

indication is provided to the Mobile Telephone Switching Office. Compandored

FM is used with a receiver 6 dB bandwidth of + 14 KHz. The class "C" power

amplifier is controlled to provide either 12, 3 0 .75, or .18 watts to the

antenna in order to control co-channel and adjacent channel interference.

Receive and transmit channel "muting" and transmitter on/off controls also are

provided.

The frequency synthesizer is depicted in Figure 4.6-2. The phase comparator

compares the 5 KHz frequency divided down from the 43.92 MHz LO with the

olttput frequency f  divided by N. N is an integer controlled by the logic

x and control unit which determines the channel frequency. The frequency is

multiplied by six to obtain the transmit frequency and also multiplied by six

to nix with the received signal to obtain a fixed offset of 45 MHz (the

receive and transmit channels are separated by 45 MHz in the AMPS plan). PSK
f

data (IOKRPS) also can be provided instead of voice. The logic and control

	

,;,	 unit contains a microprocessor.

A minimum modification of this concept adds a circularly polarized antenna

optimized for satellite use (a third antenna), a low noise pre-amp and some

adjustnent to provide the correct power amplifier level for satellite use.

VOX operation of the PA also is required to make best use of the satellite

power.

	

t	 The frequency synthesizer can provide channels on 30 KHz centers encompassing

5 both the proposed satellite and cellular frequency bends. In the absence of

terrestrial signals (or on terrestrial system command) the transceiver can

tune to the satellite common signalling channel, which emulates the format and

responses of the terrestrial MTSO (mobile telephone switching office). When

e'..	 idle, the receiver also should continue to search for the terrestrial system
br

	

F<	
control carriers so that oper ion automatically reverts back to cellular

terrestrial operation. Such operation imposes a minimum modification to the

transceiver, but, is not particularly advantageous to LMSS. 	 A further_.7	
attractive modification is the adoption of 15 KHz CFM to make better use o•f

t•

the spectrum-starved satellite' service (conversion to SSR for example,
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Figure 4.6-2. Typical Frequency Synthesizer for Cellular Radio

requires a new HPA and MOnEMS). The compandor should still enable a high

quality signal when the FM carrier is at or above threshold. However, the

frequency synthesizer, operating on 30 KHz centers leaves the spectrum half

empty. Other services can occupy these 15 KHz spaces. Alternatively, the

master oscillator in the transceiver can [tie "pulled" (883 Hz) "half" a

spacing, on command, to fill the remaining 15 KHz channel slots, (or a second

oscillator, offset by 833 Hz can be switched in).

Al so desirable is conversion to a power efficient signalling channel

modulation such as PSK. The satellite operator also nay prefer a single

unified common signalling channel for the satellite network. Finally, the

continuous presence of a common signalling channel may be needed for AGC and

for antenna steering. These changes are substantial in number, but are not

believed to have substantial cost implications. However, a radio-telephone

(cellular) subscriber will bear the added cost of these modifications and pay

his usage fee for the satellite service if these costs are moderate and if he

needs them. Clearly, most subscribers will not, at least not in the early

years of service.
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the extent. of the modifications and the costs thareot, will depend on the

uperdtur and subscriber perceived value of the satellite service. Eventually

the satellite-compatiole prouuction transceivers will riot be substantially

different in cost than the besic cellular-only model.

4.0.1.6 U1Spdtch anu Hauro telephone (Stanu-Alone) Transceiver

This transceiver is intenced only for satellite use (hence stand-alone) and is

optimized for that use only. Particularly desirable features are the use of

compandureu single side banu 1CSSb) for voice, a continuo- , 	dvailable common

siynalliny channel, high G/T, and good polarization purity. 	 Operation on

either polarization is useful in case of satellite failure or for position

+	 location service. Tire frequency synthesizer operates the transceiver on 4 KHz

centers. Consequently, channels are assigned for either 30 KHz (cellular

compatible) or 4 KHz spacings using different parts of the spectrum, all under

the control of the NUL. This permits dynamic sharing of the total services by

the twu networks.

An example transceiver is depicted in figure 4.:;-3. It is similar to the AMPS

transceiver description except for the noted changes. The full time common

siynalliny channel also provides AGC and antenna steering (step-track) if

needeu. the telephone is 4-wire so echo Cancellers are not needed. The

srnyle beam satellite requires only one common signalling channel (actually

one CSC is used between the mobile and the NOC and another CSC between the NOC

anu Gateway).	 However, multibeam satellites using 4:1 segmen.mtion may

require additional common signalling channels. The transceiver will have to

medsure which of these is the strongest, use it, and so inform the NUC. Note

that the CSSb system has provisions for (limited) in-bane signalling.

The uasic transceiver configuration, and component parts are similar to the

terrestrial cellular system and thus should be of similar cost. The more

sophisticated satellite antenna is not expected to be a significant cost

factur, even if steered. Less power is required, and fewer channels might be

provideu (simplifying, the frequency synthesizer) to reduce costs below that

of the cellular transceiver.
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Ln stability will be a problem for the narrow band CSSB service operating on 4

KHz centers. A typical low (consumer) cost LO will have a stability of 106

E over a temperature range of -40 OF to 1400F, which is not acceptable for

CSSn. improvement of stability to 107 while acceptable for CSSB requires an

oven and perhaps labor intensive test procedures.

An alternative is to have the transceiver lock to the common signalling

channel carrier via a ;ransceiver locked loop, and use the retrieved carrier

as a standard frequency for the synthesizer.

Once locked, all frequencies required for the internal operation of the

transceiver, including the frequency synthesizer are derived from the "locked"

VCG. The frequency error is zero, except for doppler. This requires a

continuously available common signalling channel which is believed to be an

advantage in the satellite system for other reasons (such as for positive

network control). When energized, the receiver searches for the strongest of

the four common signalling channels (one per beam), and locks to it. It must

periodically repeat the process (perhaps when the transceiver is on-hook) in

order to detect a cell trans ,;9.ion. Several examples are given to illustrate

thL, idea, however a detailed design and analysis, beyond the scope of this

stuffy, is needed to derive an optimum configuration and achieve a minimum

cost. Principle design ground rules are:

1. The common signalling channel must be a multiple of the VCO to be
locked.

2. Tht, VCO frequency must be low enough so that a common signalling
channel is available in each of the four frequency segmentations -
somewhere near the middle of the respective bands.

3. The phase detector of the frequency synthesizer should operate wit.". 4
XHz inputs (for lock).

4. The frequency synthesizer reference should be a multiple of the VCO.

5. If uplink/downlink coherence is needed then the synthesizer reference
should be 45 MHz or a submultiple thereof.

An example of suc ►; an arrangement is shown in Figure 4.6-4. The phase locked

receiver consists of the VCO, phase detector, and multipliers "M" and "N" with

associated mixers, filters and amplifiers. In the example the VCO frequency

ORKYNAL PAGE I9
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is 4.0 kHz, "M" is a fixed multiplier, and "N" has four values, indicated in

Table 4.6-1, for the four possible common signalling channel frequenc y ;,

which are controlled by the "Control".

Once locked, the VCO provides all of the reference frequencies, including q X

4 KHz = 22.5 MHz for the frequency synthesizer reference. Note that changing

"N" does not affect the communication paths. While not illustrated in Figure

4.6-4, Table 4.6-18 indicates a frequency and multiplication arrangement based

on a 0.1 Mhz VCO which results in sinpler multiplication ratios. The VCO

cannot be much higher (perhaps 1.0 MHz) otherwise common signalling channels

in each of the four frequency segments cannot be achieved. The added

components are a few, inexpensive low frequency circuits consisting

principally of the phase locked loop, the "N" multiplier and the related low

Frequency receiver component. The remaining components are needed in any

event.

Table 4.6-1. Frequencies and Multipliers For Frequency Tracking

A) PLAN BASED ON 4 kHz VCO (SSE FIGURE 4.6-3)

COMMON SIGNALLING
CHANNEL FREQUENCIES

MOBILE MOBILE
RECEIVE TRANSMIT M N P, Q

MHz MHz

867.248 822.248 18775r 29061 5625
9.748 824.748 187750 29868 5625
2.248

L8

827.248 187750 30311 5625
4.748 829.748 187750 30936 5625

B) ALTERNATIVE PLAN BASED ON 0.1 MHz VCO

COMMON SIGNALLING
CHANNEL. FREQUENCIES

MOBILE MOBILE
RECEIVE TRANSMIT M N P,Q

MHz MHz

867.1 821.1 7510 (5	 2 x	 751) 1160 (5 x 6 x 29) 225 (5 x a x 9)
869.6 824.6 7510 r	 751) 1 185 (5 x 3 x 79) 225 (5 x 5 x 9)
872.1 827.1 751f _r	 -	 2 x	 751) 1210 (5 x 1 x 11	 x	 11) 225 (5 x 5 x 9)
874.6 829.6 7511• 1 x	 751) 1235 (5 x 13 x 19) 225 (5 x 5 x 9)
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(061.246MHz) 162226 MHz)
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_L _J
POWER CONTROL

& vox

X

161 MHz
xM X 7040 MHz

116 . 126 MHz

IFA
IFA

1116.240 MHz) x0

46 MHz%	 %

IFA
FREQUENCY

AGC 70.60 MHz SYNTHESIZER
4 KHz

OOET
4060 MHz

4 MHz

LPF

IFA X

% 21 MHz
VCO

RING
21 MHz

FILTEfl FILTER
DEM00 xPANOER COMPRESS M00

AMPLIFIER AMPLIFIER

DECOOER	 IN BANG
SIGNALLING

CONTROL
CODER MOD

46 MHz

FO

1 .60 MHz

FREQUENCY SYNTHESIZER

F i gure 4.6-4. Example Stand-Alone Dispatch or Radio Telephone Transc 'ver

(with frequency lock).
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4.6.1.4	 Interactive Data/Telemetry/Position Location Transceiver

This	 system	 function	 is	 similar	 to	 that	 described	 in	 Reference	 (2)	 and	 is 11

depicted	 in	 Figure	 4.6-5.	 For	 ranging	 through	 either	 satellite	 the	 NOC

•	 transmits	 a	 precursor	 stream	 of	 alternate	 1's	 and	 0's	 followed	 by	 a

transceiver	 address.	 Each	 transceiver	 phase	 locks	 to	 this	 signal,	 taking

about 26 milliseconds 	 (256 cycles)	 for settling.	 When correct station address

is received,	 the local	 locked oscillator is used to count a fixed delay 	 (which

is digitized and added to the data)	 at which	 time the transceiver address and

data is clocked out (using the locked oscillator).	 Receipt of the signal 	 back

at the NOC	 enables measurement of the 	 slant range	 from the	 satellite	 to	 the

transceiver.	 A similar sequence of events using the 	 second satellite but on

the	 orthogonal	 polarization enables 	 the	 NOC	 to	 compute	 a	 position	 fix,	 and

relay	 this	 information	 to	 the	 proper gateway	 (operator).	 The	 transceiver of

course is commanded to operate on the second 	 polarization and returns 	 to the

original	 polarization	 after	 a	 time-out.	 A	 ring	 around	 circuit	 in	 0e

"	 transceiver	 enables	 calibration	 of	 the	 transceiver	 delay	 which	 also	 is

digitized and added to the data.	 In typical	 equipment,	 the transc:A ver delay

can	 he	 of	 the order	 of	 100	 microseconds	 and	 can	 vary	 2	 microseconds	 with

'	 temperature (which is too large to be ignored).

The ranging resolution achieved in Reference (2) is tens of meters. Ranging

transceivers at known locations provide for overall calibration.

This basic unit also can be used for interactive data exchange between the

mobile and the HOC. The communication is expected to be occasional so that

the average throughput per mobile is very low. The mobile telemetry data

information can relate to the equipr:ient status, for example, of a truck

trailer, e.g., whether it is hooked-up, to whom, secure, properly maintained,

within temperature limits, etc. Or the message may consist of standard

routing in formation punched in by the truck driver.

Communications from the NOC might consist of routine routing instructions,

	

weather alerts, road conditions, etc. The NOC serves as the focus for such	 }

traffic, compares and formats the outgoing messages, processes the incoming

messages and provides processed data to the customers (dispatchers, etc.).

This arrangement, with the NOC always at one end of the link, enforces network

discipline	 and	 maintains	 channel	 efficiency.	 Outgoing	 traffic	 to

mobiles,including interrogration for response and position fixing is TDM.
t
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w
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;^	 2

DEMOD
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IP

UBUFFER CONTROL ENCODER
i

CONTROL E PS	 DISPLAY	 DATA
DISPLAY

Figure 4.6-5. Interactive Data Transceiver

Incoming traffic from the mobiles, because it is responsive to interrogation

also is TDM except for mobiles transmitting spontaneously because of alarms.

The NOC can keep track of mobile response times (guard times), schedule

routine traffic to avoid blocking, respond to priority situations and allow

for alarms (a special code can be periodically sent requesting alarm messages,

if any, along with network. transmission "gaps" to avoid collisions).

Many applications are foreseen for such a generic transceiver in

transportation, prospecting, law enforcement, environmental control, etc. The

units are expected to be very low cost because they are simple, fixed tuned,

low data rate devices with minimal processing and storage capability and are

mass produced.
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4.6.1.5.1 cellular Signalling Architecture

This architecture is designed to provide telephone signalling functions in the

presence o f multipath fading, RF shadowing, and substantial co-channel and
adjacent channel interference. The network, depicted in Figure 4.6-6 consists

o f a riobile Telecommunications Switching office, H TSO, various cell sites
connected to the MTSO by land line communications (telephone lines), and

mobile, telephone users, communicating to individual cell sites via radio in

the 806-890 MHz band.

F.ach subscriber is identified by a 10 digit telephone number (34 bits).

Pre-origination dialing is used in which the destination address is first

retained while supervisory dialing and various functions are being completed;

the transceiver goes "off-hook" when they are completed, in order to assure

efficient signalling. In a mobile radio system signalling is concerned with

more than Just a voice connection between the called and calling parties

because of the propagation problems (multipath fading, RF shadowing,

i

If]

C
N7

CELL SITE

y RADIO	
q

	

_	 WIRELINE

	

LUNIMUNICATION	 I	 COMMUNICATION ~

Figure 4.6-6. Typical Terrestial Mobile Radio System
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cu-channel and aujacent channel interference, hand-urf and the problem of
0

roamers).	 Three aspects are important, supervision, paging (address i ng a

mobile) ana access (addressing a land telephone). 	 Supervision is concerned

witu the "hook" status which is cu„nnon to conventional telephone networks, but

also, for the mobile case, with signal strength (control of mobile power to
i

limit interference and to maintain adequate signal) as the mobile traverses

the network and with instructions concerning the characteristics of the

network, that is local to the mobile. Supervisory functions are provided by a

combination of special "set-up" channels, equivalent to comrnun signalling

channels which communicate to and from the mobile at a 10 K8PS rate (actual

throughput is much less, about 12UO BPS, due to message redundancy to combat

fading, other transmission inefficiencies, and supervisory signals).

Supervisory signals are in-band frequency modulated tones. A signalling tone

(ST) is usea in the mobile-land direction for messages relating to alerting,

hand-off, disconnection and flashing. A supervisory audio tone (SAT), either

u970/6000, or 6030 MHz is used to indicate circuit continuity, similar to DC

continuity in conventional telephone systems (they are also used to measure

the range to a mobile to aid in hand-off).	 These "in-band" signals are

outside the voice banawiath and are nct discernible to users.

Paging (addressing a mobile) is a special problem because the mobile can be

anywhere in a mobile service area. For that matter the mobile may not even be

within the cellular system, (a problem the satellite could help solve).

Lackiny knowledge of its whereabouts, the mobile must be paged (its call

number sent) via every call site in the Mobile Service Area (MSA). The paging

message dlsu contains an "overhead" message consisting of MSA identification

(area call sign), the cell site SAT identification (only one of three SAT's is
7

useu per cell site), the number "N" of setup channels, "CMAX" which identifies

the setup channels in use, and "CPA" which indicates whether paging and access

share the same channe l s. The overhead message varies according to the site

and MSA. For example very small cells and therefore, comp ex control

instructions, are needed in an area containing New York City whereas only a

single cell and simple control instructions (e.g., no hand-off complications)

are needed for a small city.
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Access (addressing a land telephone) is accomplished via the se'rup channels by

inforrrfing the system of the mobile's presence and In, (which is performed as

soon as the mobile is energized or enters a new cell), and its calling

number. A typical channel is established by the following procedure:

q	 qks the 5tY'd'R AA' 1 an re ads the1. Mobile scans the top 21 cha nel$$ iii	 f	 ,f	 g	 i^1a
"overhead" mssage w hicH ''i'de'n'ti tes the ^1SA, i and ,q+a. R itte' r^}f& ryT. Set
o'f^setupchannel,s	 ("{i",) i.	 „^r^r'm:' in 

2. To 9, 1, pg oe S s i t o(scrW^ th6' abprbpri a^tg o t ^e^irai ^^ p1^r^hV M6l s to get
st thon es , channe), ang, tq,,owaritophge g:'	 n

3 1.

	

	 For calling it locks onto an appropriate char!. t ,,(W4t&tntranrsM4 •ts "A
"busy/idle" bit, in the mgpide dire  ra inia;4±(aar&eedrsdr
mq§Sage, examines thp,, "bgsyYfdie" 'bHt' r'Tor" iri ormation and then
signalts,-, and

.
 t¢aitS.	 The busy/idle bit essentially provides a

contention tfltidorr; if successful the mgbile , .pa% f tr4nsttria nft§ ktcSs
message, if not successful the mobild'nklft try again. This procedure
reduces mess,ole coll'fs,lon^,.

^•w	 ,.. 	,.  	 (whir t;	 tran,,p+<,

4. The MTSO responQs 4) assigDinga dhdi511d1 oit
)

transm is a ;n rr_c „,

tnr	 n' in^iat ,V1 	n	 ..
5. Tho cell site SAT, i,$ „ tralrspgnd@d' xxhP649h the, rmobV16 "toltdorveirm,

connset:tion and'thgn he mobile oes "oP -hooki".	 '" ' n ' Th '' rror, , ,

6,	 Dial tones, etc., are provided tof Iebludalte, ;tAe conventional telephote
system.

C

	

	 .onnoLltliin	 io,j	 ^a,	
,,,.	 Y. tl l' 	 ,:b :^'li'	 ' r 7	 on'ir,

The Ivey tr syccessfuu operation is the common signaling channel provided by

the combi nation of the "setup channels" and the ST and SAT •ty •dL'T&Tn.Astamp,tRq,,,a
A	 maxinun ca abilit of 25 messa es er second or 90 000 er hour e.	 90 000P	 Y	 g	 p	 ,	 P	 9•.	 ,

customers per busy hour per paging strgam.

AT&T also-estimates, ba§ed on„its mobile telephone experience',''that•'aa'vMbile

r network should generate qnp cal] per ,subscriber in the busy ndifr and-that' Aril

call per second trill have to be handled in the smallest cells. 	 The answer

Pate from a mobile is 0.5, ;and 60% o,f the calls are mobile originated. Four
mobi•les are Yhou;le fqr every one roapuer, ^^:,	 rrr•,	 rF^ar	 ^,^,=,

c	
4.6.1.5,2 LMSS Signalling Architecture

' r	 There are significant differences between LMSS and e ellui'ar' rsi^NNl^'ing. F&
t+,`	 '

one the satellite cells are much larger probably fewer (may just be one)

'	 the.	 signal	 levels	 ov,er.the propagation	 path are	 constant	 (relatively little

'•'	 'fadinq)	 , and, ,the 	prpblgT,	 of co,-channel	 and adjacent	 channel interference	 is	 t.
n in

WV t	 ,:,.	 .,	 ,
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much more tractable.	 Shadowing must be accepted, as in the terrestrial

systen, but its effect on signalling or communication can be ignored as far as

j'.
architecture is concerned.

} Another difference is the diversity of services offered by the satellite 0ich

involves signals of different bandwidths, modulation formats, etc., which the

signalling system must contend with because flexibility is inherent in a

satellite system. The cellular system on the other hand is limited to formats

consistent with the telephone system wire line and switching hierarchy.

The satellite system also is evolutionary; the signalling system must adapt to

cell division ,lust like the cellular system, and also adapt to other changes

as the system evolves. For example, multiple beam antennas can alter the

bandwidth and/or the spectrum assigned to the gateways (as indicated in the

satellite evolution progression discussed previously), so that it is important

to naintain the integrity of the signalling system despite these changes.

Just as in the terrestrial system, signalling is vital to efficient, orderly

LMSS operation. Unlike the telephone system which traditionally has limited

signalling when off-hook, a satellite system can provide a continuously

available signalling channel for positive network control at relatively little

additional cost. Consequently, SCPC-DANA systems, including Intelsat's SPADE

system, provide continuously available signalling.

This plan is adapted for LMSS so that the NOC retains positive control of all

network functions, at all times. Therefore, in emergency situations calls can

be prioritized or interrupted and disconnected and blocked (from radiating),

and unauthorized users or users with injurious out-of-spec performance can be

denied access (prevented from radiating). Also, the common signalling channel

received by the mobile can be used to neasure signal strength, CNR, and

presence of multipath so these can be signalled back to the NOC for

appropriate actions. In addition, the LMSS signalling system from the NOC

outward is exclusive to the NOC, (not shared), and is efficiently utilized in

the T011 mode. The NOC, the central control for all the networks, has positive

control over the mobiles and the gateways. On the other hand, mobile

signalling (toward the NOC) is contention access, e.g., slotted ALOHA, but,

contention is only amongst the mobiles. The same is true for the gateways.
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ID

MOB ILE-NOC NOC-MOB IiE GATEWAY-NOC NOC-GATEWAY

34 -- 34 --

ADDRESS 34 34 34 12

CARR IER LEVEL 3 (CSC) 3 (HPA LEVEL) 3 (CSC) 3 (HPA LEVEL)

POWER/BAN DWI DTH NEEDED ^ - 2 -

CHANNEL SELECTION - 12 (4096 MAX) - 12

STATUS - - 20 -

SPECIAL STANDARD MESSAGES 3* 3 0° 3* 3 °°

SYNC 20 20 20 20

SUBTOTAL 96 72 116 50

CODING (RATE 314) 32 24 39 17

TOTAL 128 BITS 96 BITS 155 BITS 67 B ITS
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Finally, the common signalling channel also provides AGC (VOX operation and

SSR prevent the use of communication signals for the purpose of deriving 4GC),

and a continuous carrier for step track antenna steering in those transceivers

requiring it. A likely additional function is as a frequency reference for

the CSSR transceivers. Common signalling channel characteristics are

surriarized in Table 4.6-2.

I

In addition to the sender and destination identification, provisions are nade

to identify the power and bandwidth required and to indicate the carrier level

(of the common signalling channel) being received and the HPA level being

transmitted. This enables system dynamic response to service requests and . c,19

provide adjustments for individual user's equipment performance (antenna gain

for example) and to provide a constant eirp. Three bits are allowed for

standard messages such as a priority message or a defective equipment alert

(observed an.i sent by NOC), etc. Additional bits are added for the gateway -

Nnr, link, to telemeter gateway status to enable effective routing in the case

of a failed gateway or for maintenance assist, (at least some gateways will

likely be owned by the satellite system operator).

Table 4.6-2. Common Signalling Channel Characteristics

I

;x
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It should be noted that both FM and SSB have provisions of inbano signalling.

In the FM case, b KHz tones (5970, 6000, 6030 Hz for "supervisory audio tone")

and a 10 KHz signalling tone are used. In SSB, a 3b00 Hz modulated pilot tone

is planned for AGL, AFC, compandoring and about 20 f?S of signalling.

the comnun signalling channel should have a high CNN; while significant fading

Should only be experienced in urban areas due to building reflection,

nevertheless a high CNk is relatively inexpensive to provide and assures

positive network control. There should be no co-channel or adjacent channel

interference. BPSK with rate 3/4 convolutional coding with hard decision is

effective and inexpensive. A minimum CNR = 8d8 results in a decoded 8ER =

IU-4 which	 results	 in	 negligable	 errors	 compared	 to	 blocking	 and

unattendance. The typical CNR should be much higher, perhaps CNR = 18 d8.

The common signalling channel is not cellular compatible but is designed to

wee[ the requirements of a satellite system. It is possible to use the

cellular system signalling arrangement for the cellular - compatible radio

telephone network. Even so, some modifications are required (modification for

VOX operation is needed to minimize satellite costs). 	 Retaining the

nuncoherent FSK system in a 30 KHz channel is not a major problem for the 	 ^!

satellite link, although the cost of a 30 KHz signalling channel may be

significant if only a few 30 KHz channels are required for cellular -

compatible radio telephone. 	 However,	 repetitive bursting to overcome

terrestrial	 Rayleigh fading	 is	 not	 needed	 ; n 	 a	 satellite	 channel.	 is
t

Consequently, it is clear that the FSK arrangement can be retained, however,

some modifications in any case will be required.

OPlaRIAL MME G

4.6.2 MU81L_ ^ ,TENNAS	 OF POOR 21J!?L11Y

s	
4.().2.1	 Introduction

Various mobile vehicle antennas are required to satisfy the requirements of a

and mobile satellite system. The three generic service types, radio

telephone, dispatch and interactive data/position location can make use of
r".

j	 both fixed and steered antennas. In addition the antennas must be capable of
fife	 convenient mounting on cars, trucks, trains, boats, etc. yet be esthetically

pleasing, have low windage and be reasonably vandal-proof.	 An additional

requirement exists for a relatively small	 antenna capable of being

conveniently carried by a pedestrian. Four basic antenna types are discussed:

4-173	 WPC-0138M-23M
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1. Fixed (low gain) antenna.

2. Electronically steered antenna.

3. Mechanically steered antenna.

4. Fixed, pedestrian - compatible antenna.

ORIGINAL PAGE 18
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Even higher gains can be achieved for the steered antennas by "arraying"

additional elements. Such an application might be for oil well logging where

the mobile is stationary when communicating.

The following sections first describe the antenna requirements, and then

antenna concepts satisfying the four basic antenna types identified above.

4.6.2.2 Mobile Vehicle Antenna Requirements

The basic RF requirements for the mobile vehicle antenna are that it be

circularly polarized with reasonably good polarization isolation and operate

over the 821 to 831 Mhz band for transmit and the 866 to 876 MHz band for

receive. For some applications such as ranging for location determination,

dual circular polarization operation is desirable and may be either switchable

i	 or simultaneous.

The mobile vehicle antenna should also have good ground multipath rejection,

moderate forward gain (up to 10 d8i), and low ground illumination and back

lobes. Good multipath rejection is essential to minimize both cross-polarized

and direct interference. The antenna pattern should therefore be well

controlled with a sharp fall off at low elevation angles and have low back

lobes in order to reduce multipath reception, obtain good man-made noise

rejection, and provide a low antenna thermal noise temperature.

It is highly desirable to have the cross polarization level as low as is

consistent with a simple low-cost design. This requires a low axial ratio (in

dB), which is not easy to obtain over a wide coverage angle. A plot of

	

„	 polarization isolation versus axial ratio is shown in Figure 4.6-7, from which

it is seen that a polarization isoiatior, of 20 dB requires an axial ratio of
only about 1,8 dB while an axial ratio of about 5.7 dB reduces the

G:	 polarization isolation to only 10 d8. A P:ujor source of interference between
	?:I	 channels is thus direct cross-polarization excitation due to the axial ratiot; n
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of the mobile vehicle antenna. The other source is multipath and ground

reflection, which partially (or completely)	 reverses the sense of

polarization. For example, if the polarization isolation 1s 20 dB for a

direct signal and the level of a cross-polarized ground reflection signal is

also -20 dB, the maximum cross coupling for in-phase signal addition is -14 dB.

The antenna noise temperature is the temperature distribution of all the space

surrounding the antenna weighted by the antenna relative power pattern. For

those directions above the horizon, the noise source distribution consists of

galactic plus atmospheric noise, as shown in Figure 4.6-8, which corresponds

to about 400K or less at 850 MHz for elevation angles above loo and

increases to about 100uK at lower elevation angles. For those directions

toward the ground, a ground temperature of 2900K may be used and weighted by

the average backiobe and main lobe ground illumination.

40

30

Z
0

0
J v i
O
U,

10

0
0	 1	 2	 3	 4	 5	 6

AXIAL RATIO, dB

Figure 4.6-7. Polarization Isolation versus Axial Ratio
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the pattern coveruge angle snoula permit uperdtlun with satellites at buth the

9U
0
W and 1Z00W longituae positions, either separately or simultaneously.

For steerable mobile vehicle antennas, only wide elevation coverage is

requireu with a narruwer azimuth beam since it is assumed that the antenna is
steered only in azimuth by step track using the common Signalling channel

signal level as d reference. lei

Tne muulle vehicle antenna must alsu be compatible with a variety of vehicle

types such ds cars, trucks, ana boa';s.	 It should also be of rugged

cunstruction dna have a preferably low profile, thus it should be relatively
	

(

flat and have a protective cover or radome. Finally it is important that the

mluulle d,'ennd have a relatively low cost for a given performance.

The principal parameters for the mobile ground terminal-to-satellite geometry

were calculateu to dete-mine the antenna coverage angle requirements. 	 This

, geometry is shown in Figure 4.6-9 together with the basic relationships. The

inputs re q uired are the longitude of the satellite position, ana the latituGe

dna lungitude of the yround station.
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Figure 4.6-8. Equivalent Atmospheric Temperatures as a Function

of Frequency and Angle From Azimuth
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90°W SATELLITE 120°W SATELLITE COMMENTS

MAINE/NE 58.610 73.850

WASH /CANADA 6u. 46 0 56.300

PACIFIC 64.780 55.75°

CALIF/SW 47.900 37.94° CONUS RANGE
31.4 0 TO	 73.9°

FLA/SE 31.440 52.950

TEXAS/SO TIP 31.440 39.58°

HAWAII /NW 80. 11" 51.640
MID 78.040 49.210

SE 74.920 45.660

ALASKA/PT. >900 84.370 S AND SE WII"HIN
BARROW CONUS RANGE FOR

NW >90° 84.180 120°W SATELLITE;
W >90° 80.870 EXTENDS TO 84.4°

FOR PT. BARROW;
MOST LOCATIONS
OVER HORIZON FOR

ALEUTIAN >900 80.660 90°W SATELLITE
TIP
S 83.560 72.640
SE 72.220 63.380
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The coverage angle parameters were calcu l ated for several locations over

rr1HIIS, Hawaii, and Alasnd. A sumnary of these results is given in Table 4.6-3.

It is seen from these results that CONUS coverage requires a range of ground

station elevation angles of 60 0 to 150 to cover both satellite positions.

HdWd iian coverage for the 120"'1 satellite position is already included

within the CONUS coverage angle range, and can be obtained for the 90014

satellite position by extending the coverage angle to about lo o elevation.

Alaskan coverage can be obtained alonn the southern p ,)rtion from the 120 oil

satellite position with the COMIS coverage angle, but a coverage angle of

ahout So elevation is required for , ife northern portion. The latter angle

is required to cover even the southern portion of Alaska for the QOoll

satellite position

w

Table 4.6-3. ;;;%nge of Coverage Angles
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4.6.2.3 Fixed Antenna Concept

The fixed mobile vehicle antenna is the most difficult ('esign in several

respects. Fist, the antenna must have an omnidirectional pattern in azimuth

in adrition to the wide :overage angle required in elevation. Second, this

antenna is intended for ranging with both satellites to determine vehicle

location, thus both satellites must be in view of the antenna and it must have

dual circular polarization (somewhat higher gain and a simpler configuration

results if the antenna must view gust one satellite, this case was not

examined). As a result, the types of antennas to be considered as candidates

i	 are quickly narrowed to only a few.

Various candida;;e antenna types that were considered for the fixed mobile

vehicle antenna are {ilustrated in Figure 4.6-10. These are the crossed

dipole over a ground p l ane, the short axial mode helix, the Archimedean

spiral, the short crossed yagi, and the cavity-backed crossed slot. A list of

these antennas is given in Table 4.6-4 with their principal characteristics

and advantages/limitations.

0-

-IF I
I

A

D

Figure 4.6-10. Candidate Fixed Antennas
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Table 4.6-4. Fixed Antenna Characteristics

PRINCIPAL CliARACTERISTICSIADVANTA(.ESI
C ANOIDATE --

CROSSED DIPOLE OVER DUAL POLARIZATION
GROUND PLANE BEAMSHAPING POSSIBLE

AXIAL RATIO LIMITED
MODERATE WEIGHT
BULKY

SHORT AXIAL MODE HELIX SINGLE POLARIZATION
LIMITED BEAMWIDTH
AXIAL RATIO LIMITED
LIGHT WEIGHT
COMPACT

ARCHIMLOEAN SPIRAL SINGLE POLARIZATION
LIMITED BEAMWIDTH
AXIAL RATIO LIMITED
LOW PROFILE
BULKY

SHORT CROSSED YAGI DUAL POLARIZA"FION
BEAMSHAPING POSSIBLE
AXIAL RATIO LIMITED
LIGHT WEIGHT
BULKY

CAVITY BACKED CROSSED DUAL POLARIZATION
SLOT LIMITED BEAMWIDTH

AXIAL RATIO LIMITED
LOW PROFILE
HEAVY
BULKY

These candidate antennas fall into two basic classes: (1) those that are

inherently circularly polarized and only produce a single polarization, and

(2) those that are composed of linearly polarized elements and can provide

dual circular polarization when fed by a dual input to a -3 dB 900 hybrid.

The helix and spiral fall into the first category, while the crossed dipole,

crossed yagi, and crossed slot fall into the second. The helix or spiral

antenna can Meet the dual polarization requirement by using a pair of such

antennas to provide right and left hand circular polarization. All candidates

are limited in axial ratio performance because of the wide coverage angle.

The gain of an antenna having such a large coverage area is inherently low,

but heamshaping techniques can be employed with some of the candidates to

improve the gain over the desired coverage angles. Several basic elevation

patterns are shown in Figure 4.6-11 for antennas having omnidirectional

coverage in azimuth (i.e., the patterns are rotationally symmetric about the Z

axis). The idealized pattern of Figure 4.6-11a Is not attainable in practice,

but it permits a maximum reference gain to be calculated for a specified

coverage. Using the values of 0 1 = 300 and 0 2 = 750 from the

4-180
	

WPC-0138M-23M

	
^r

A



9

v.

Table 4.6-4. Fixed Antenna Characteristics

PRINCIPAL CHARACTERISTICS/ADVANTAGES/
CANDIDATE CTFfTgAYiaAS_

CROSSED DIPOLE OVER DUAL POLARIZATION
GROUND PLANE BEAMSHAPING POSSIBLE

AXIAL RATIO LIMI'ELU
MODERATE WLIGIIT
BULKY

—

SHORT AXIAL MODE HELIX

--

SINGLE POLARIZATION
LIMITED BEAMWIDTH
AXIAL RATIO LIMITLO
LIGHT WEIGHT
COMPACT

ARCHIMLDEAN 511RAL SINGLE POLARIZATION
LIMITED BEAMWIDTH
AXIAL RATIO LIMITED
LOW PRQFILL
BULKY

SHORT CROSSED VAGI DUAL POLARIZATION
BEAMSHAPING POSSIBLE
AXIAL RATIO LIMITED
LIGHT WEIGHT
BULKY

CAVITY BACKED CROSSED DUAL POLARIZATION
SLOT LIMITED BEAMWIDTH

AXIAL RATIO LIMITED
LOW PROFILE
HEAVY
BLLKV

1
n

These candidate antennas fall into two basic classes: (1) those that are

inherently circularly polarized and only produce a single polarization, and

(2) those that are composed of linearly polarized elements and can provide

dual circular polarization when fed by a dual input to a -3 dB 90 0 hybrid.

The helix and spiral fall into the first category, while the crossed dipole,

crossed yagi, and crossed slot fall into the second. The helix or spiral

antenna can sleet the dual polarization requirement by using a pair of such

antennas to provide right and left hand circular polarization. All candidates

are limited in axial ratio performance because of the wide coverage angle.

The gain of an antenna having such a large coverage area is inherently low,

but beamshaping techniques can be employed with some of the candidates to

improve the gain over the desired coverage angles. Several basic elevation

patterns are shown in Figure 4.6-11 for antennas having omnidirectional

coverage in azimuth (i.e., the patterns are rotationally symmetric about the Z

axis). The idealized pattern of Figure 4.6-11a Is not attainable in practice,

but it permits a maximum reference gain to be calculated for a specified

coverage. Using the values of 0 1 = 300 and 0 2 = 750 from the

4-180	 WPC-0138M-23M
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previous section, an i deal reference gain of 5.18 dBi is obtained. 	 In

practice, the edge of coverage gain is roughly 3 dB below the ideal, or about

2 dBi in this case. Furthermore, if the pattern has a more nearly hemispheric

coverage as in Figure 4.6-lld, the edge of coverage gain at 0 2 = 750

is more likely to be about 1 dBi or less.

The helix and spiral antennas have beamwidths that are not as great as

required for the fixed mobile vehicle antenna. For most applications, helices

are designed with four to six (or more) turns and produce the narrower beam

type of pattern shown in Figure 4.6-11c, for which a good axial ratio can be

obtained over the narrower beamwidth. To even approach the beamwidth required

here, the helix requires only about two turns, which seriously impairs its

performance. The spiral antenna has a cosine type pattern shown in Figure

4.6-11C, which has a gain of only -4.0 dBi at 0 2 = 750 and is not only

too narrow but can not be easily shaped.

The simple crossed dipole and the crossed slot antennas both produce wide

angle coverage and can be designed to have excellent axial ratio on axis, but

the polarization becomes linear at wide angles. Furthermore, the crossed slot

antenna is bulky and heavy at UHF because of the cavity. The polarization

limitations of the crossed dipole at wide angles can be partially overcome by

bending the dipoles toward the ground plane. This introduces axial components

of current which help maintain a better axial ratio over a wider coverage

angle. Such bent crossed dipole antennas are current state-of-the-art for

spacecraft TT&C applications.

While the short crossed yagi is light weight, it has the same degradation in

axial ratio at wide angles as its component crosse6 dipoles. This limitation

can be overcome, however, by using the bent crossed dipoles mentioned above as

elements for the yagi array. Furthermore, a short crossed yagi has the

potential of being adjusted to produce the desired butterfly type pattern

shown in Figure 4.6-1le rather than a broad endfire pattern.	 It is also

possible that the short crossed yagi can be modified to a fully driven array

for better beamshaping control over the required coverage angle. These ideas

are worth further development to determine what can be achieved.

4-181	 WPC-0138M-23M a
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a. IDEALIZED PATTERN	 b. COSINE PATTERN	 c. BEAM PATTERN

d. CARDIOID PATTERN	 e. BUTTERFLY PATTERN

Figure 4.6-11. Typical Elevation Pattern For Antennas Having
Omnidirectional Coverage in Azimuth
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Based on the above considerations, a bent crossed dipole over a cupped or

conical ground plane was selected as the baseline concept for the fixed mobile

vehicle antenna. A photograph of engineering models of such an antenna is

shown in Figure 4.6-12. This antenna was developed and space qualified at

S-Band for the TT&C system on Landsat-D. It uses a split coaxial balun with

unequal dipole lengths to produce a single right-hand circular polarization.

For the fixed mobile vehicle antenna, equal dipole lengths can be used with a

symmetrical four-coax type balun and a 90 0 hybrid to produce both right and
left-hand circular polarizations.	 An outline sketch of this design with

approximate dimensions for UHF operation is shown in Figure 4.6-13. The

crossed dipoles are somewhat higher (relatively) than at S-Rand to obtain some

beamshaping, as discussed below.

13"

i	 I	 I^	 II	 I	 I
I	 I	 II	 II	 I	 II	 I	 I I	 II	 I	 ^

I	 I	 II	 II	 I	 II	 i t	 II	 I
I	 1	 I	 i

1	 II	 I8	 I	 I	 I I	 I I	 I	 I
I	 I	 II	 II	 i	 I

I ,1._4 -.L .L
t_ HYBRID

T 7r-r I
lJ LJ
LCP RCP INPUTS

Figure 4.6-13. Fixed Antenna Concept Sketch

t
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r Pe^terns measured at two S-Band frequencies on the antenna pictured in Figure

4.6-12 are shown in Figures 4.6-14a and 4.6-14b. These patterns were taken

with a spinning linearly-polarized source antenna, which permits the axial

ratio to be determined directly from the upper and lower envelopes of the

pattern. The axial ratio varies from about 1.2 to 1.6 dB at 0 0 for the two

frequencies to about 5 to 6 dB at + 75 0 , which corresponds to a range of

polarization isolation from about 23 to 21 dB to about 11 and 9 dB,

respectively. The corresponding RCP gain varies from about 5 and 4 dBi at

00 to about 0 and 0.5 dBi at + 750.

The shapes of these patterns can be controlled to be more like the desired

butterfly shaped pattern of Figure 4.6-1le by increasing the crossed dipole

height over the ground plane. 'This reduces the gain on axis but increases it

at wider angles. With proper adjustment, the gain will dip 3 or 4 dB on axis

and rise to a maximum near + 500 with near equal gains of 1 to 2 dBi

obtained at + 300 and + 750 . With equal dipole lengths, the axial ratio

also is better controlled and can be a.lfusted to favor the wider coverage

angles required.

Another possibility for shaping the beam and also for minimizing the ground

illumination is to use the bent crossed dipole over a conical ground plane.

Such a ground plane is made up of saveral conical frusta segments to control

the beam shape. This was done very successfully for the direct. readout S-Band

communications antenna developed for Landsat-D. The latter required a greater

amount of beamshaping than is needed for the fixed mobile vehicle antenna and

was accomplished with a 12-inch diameter ground plane. This corresponds to a

31-inch diameter ground plane at UHF, but the diameter might be reduced to

about 24 inches or less as a trade-off for some increase in ground

illumination.

The noise temperature of the fixed mobile vehicle antenna will depend to a

large extent on how well the beam shape can be controlled to limit ground

illumination. For the idealized pattern of Figure 4.6-11a, the antenna noise

temperature is only about 36 0K. As a more realistic reference value,

however, the cardioid pattern of Figure 4.6-lld has an antenna noise

temperature of about 690K. By shaping the pattern to improve the desired

coverage and reduce ground illumination, an antenna noise temperature of

580K might be realizable.

l
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4.6.2.4 Mechanically-Steerable Mobile Antenna Concept

The mechanical ly-steerable mobile vehicle antenna is simpler electrically at

UHF than the fixed antenna in several r-spects. 	 First, it has less total

coverage required beco^.e it can be steered 360 0 in azimuth.	 The antenna

pattern only has to comer 60° to 15° in elevation coverage angle. Second,

it only operates with one satellite at a time, thus the antenna pattern

coverage in azimuth can be relatively narrow. Third, the antenna can have a

single left- or right-hand circular polarization. Selectable dual circular

polarization is more versatile, and also is possible.

Mechanically, of course, this antenna is more complex than the fixed antenna

sine it must have a rotatable platform, RF rotary joint, motor and control

electronics.	 Step track is envisioned using the common signalling channel

carrier level.

Two candidates for the mechanically-steerable antenna are the axial mode helix

and the cross yagi. Other candidates considered were the crossed dipole over

a ground plane, the Archimedean spiral, and the cavity-backed crossed slot.

These were ruled out because their broad antenna patterns require several

elements to be arrayed and for the other reasons discussed in reference to

Table 4.6-4 for the fixed antenna. The helix has only a single polarization,

but it has a larger bandwidth then the yagi. The helix and yagi are both

considered viable concepts for the mechanically-steerable antenna.

The axial mode helix and the crossed yagi antennas are illustrated in Figures

4.6-15a and 4.6-15b mounted on an azimuth platform and protected by a radome

enclosure. In both cases, the elevation beamwidth required for CONUS coverage

is about 45
0
. The elevation angle is 31.5

0
 and the beamwidth is 52.5°.

The yagi is shown with the 90° hybrid and coax polarization switch mounted

on the rotating platform so that a single RF rotary joint can be used.

Selectable dual polarization also can be obtained with a pair of left- and

right-hand polarized helices mounted on the rotating platform with a coaxial

switch. Tne latter may be the preferred approach for achieving dual circular

polarization if bandwidth becomes a problem with the crossed yagi or if the

cost is much lower. Both antennas are physically compact which facilitates

installation.
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Figure 4.6-15. Helix (a) and Yagi (b) Steerable Antenna Concepts
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For the axial mode helix, a	 3 dB beamwidth of 450 is obtained with six

turns a d a 17.50 pitch angle.	 Phis gives an overall len;ch of about 71

inches.	 Tee gain is about 13 dBi on axis, which gives an edge-of-coverage

gain of about 10 d8i. 	 Sidelobes and backlobes are minimized by using an

optimized conical-cup ground ilane, which also results in a compact assembly.

For the crossed yag-, one r, flector and three directors are shown with about

0.34-wavelength spacing. The actual number of directors and the spacing

needed to ohtain low sidelobes and backlobes must be empirically determined

during development. Careful attention must also be given to achieving the

required bandwidth

The axial mode helix and the crossed yagi antennas can both be made to have a

relatively low axial ratio over the beamwidth and thus good polarization

isolation. With well controlled sidelobes and backlobes, an antenna noise

temperature of 500K to 600K is attainable.

4.6.2.5 Electrically-Steerable Antenna Con cept

The electrically-steerable antenna has several conflicting requirements that

are not easy to resolve with current state-of-the-art approaches. First, it

is desirable for it to be of low profile and moderate area. Second, it should

scan the heam electrically over 3600 in azimuth and should have an elevation

coverage, of at least 600 to 150 for CONUS operation.	 Third, it should

have reasonably good axial ratio over the beamwidth. Fourth, it must be

relatively simple and low cost. These are difficult requirements to meet but

some implementatizm possibilities do exist.

The isicrostrip array was the pr im . •ry candidate antenna considered because of

its low profile and simple construction. A great deal of work has been done

recently on microstrip arrays, and much material has appeared in the

Iiterature (i) . In general, it shows much promise, but still there are

limitations on the coverage and performance that are attainable.

Scanning a narrow beam in elevation was ruled out because of the excessively

large vertical aperture required to obtain a narrow elevation beam at UHF.

Even a fixed bedm in elevation with a beamwidth of 450 requires a projected

4-190	 14PC-01381"I-23H	
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aperture height of about 21 inches at 37.50 from the vertical.	 To obtain

this from a horizontal array requires an actual aperture length of about 35

inches, which is about as large as can be considered.	 r

The basic antenna concept for a flat m i crostrip phased array (that is steered

only in azimuth and non-steered in elevation) is shown in Figure 4.6-16. This

array consists of 19 circularly-polarized microstrip patch elements arranged

in a triangular qrid over a 36-inch diameter ground plane. The effective

element spacing is essentially one-half the actual element spacing, since

microstrip elements radiate from two opposite edges of the patch. For

circular microstrip patches the effective edge-to-edge dimension is somewhat

less than the patch diameter. To achieve equal effective spacing between all

elements edges, therefore, the element center-to-center spacing is slightly

less than twice the microstrip element diameter.

In order to suppress the grating lobe the effective element-to-element edge

spacing must be only about 0.3 wavelengths. An element center-to-center

spacing of 0.6 wavelengths results ii. adequate lobe suppression of about -18.5

dB, but the array size is about 38.6 inches overall, which is too large. For

this example, therefore, the microstrip element center-to-center spacing is

only 0.544 wavelengths or 7.78 inches. This gives an effective element

edge-to-edge spacing of 0.272 wavelengths or 3.89 inches, which achieves about

28.5 dB of lobe suppression. The actual microstrip patch diameter is about

0.346 wavelengths or 4.95 inches, which give a maximum overall dimension of

36.1 inches for the microstrip phased array. A dielectric constant of about

2.86 is proposed for the substrate material.

Most microstrip radiating elements are intended for broadside radiation and

little appears to have been done on wide angle radiators. The microstrip

element must be chosen carefully, therefore, to be sure that it has good wide

angle coverage and a good axial ratio at wide angles. 	 A suitable choice

appears to ha that of Kerr (l) , which is shown it Figure 4.6-17.
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Figure 4.6-16. Microstrip Antenna Concept for Electronic Steering

The six percent bandwidth between the transmi* and receive bands for the

mobile vehicle application must also be considered in selecting a microstrip

element. A stacked dual-disk microstrip element like that of Long and

Walton ( " is one approach to that problem. This element is illustrated in

Figure 4.6-17b.

Step quantization in phase between opposite edges of the microstrip elements

of the array will cause some degradation in the elevation pattern. With an

effective Llement edge-to-edge spacing of only 0.272 wavelength, this

quantization phase er. is only about + 38.8°, hnwev-ar, and the triangular

element arrangement further reduces its effect.
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Figure 4.6-17(a). Microstrip Elements, Element Pattern
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Figure 4.6-17(b). Wcrostrip Elements, "Sandwich" Construction
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PIN DIODE
PHASE SHIFTERS

The feed network for a microstrip phased array is shown in Figure 4.6-18. The

19-way power divider requires several unequal power splits and also should

include provisions for symmetrical amplitude taper radially across the array.

The PIN diode phase shifters need not be more than four bit devices. Standard

printed circuit board techniques and low cost computer diodes can be used for

construction of the phase shifters and the power divider boards, provided that

adequate care is given to tolerances to maintain the required Impedances.

The azimuth beamwidth of this array is about 30 0 about both the cardinal and

intercardindl planes. Since these planes are spaced 30° apart in azimuth,

the array can be steered in 12 azimuthal steps by using only two sets of be.wn

steering commands that are alternated and indexed every 30°. For finer

azimuthal beam control, two additional sets of beam steering commands can be

added that point the beam midway between the cardinal and intercardinal

planes, thus 24 azimuthal steps of 15° each steers the beam in approximately

one-half beamwidth steps.

i

INPUT

Figure 4.6-18. Beam Forming Network of Phased Array
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An alternative concept is to place four, five, or six microstrip phased arrays

in a pyramidal configuration. Each array is about 21 inches high by about 10,

13, or 16 inches wide and is tilted back about 37.5 0 from vertical to point

the elevation beam for 450 coverage. This arrangement requires no phase

shifters. The individual arrays form fixed beams, and beam switching can be

employed with a multi-port diode switch. This configuration is about 17

inches high but occupies a three to four foot square base area, thus it is not

considered a very attractive alternative.

4.6.2.6 Pedestrian Antenna Conce et

The pedestrian (mobile) antenna must of necessity be simpler and lighter and

have acceptably sma l l linear dimensions, thus some compromises in performance

may be desirable for the sake of convenience and portability. Several antenna

types are described.

One antenna meeting these requirements is the drooping dipole antenna and cup

previously described for the so-called fixed antenna. This antenna has good

beam shaping possibilities and good circularity and the cup arrangement

eliminates the need for an extensive ground plane. A photograph of an S-Band

version of this antenna was given in Figure 4.6-12 and an outline sketch in

Figure 4.6-13. For light weight the antenna elements can be metallized

plastic rods and the cup a metalized foam cylinder, the entire unit

encapsulated in a surface hardened foam. It can be projected above the users

head by a collapsible mast attached to a backpack or belt-fastened or hand

carried radio using a flcx+ble coaxial cable. For good performance the

antenna only has to be approximately vertical. Higher gain can be obtained by

narrowing the beamwidth slightly (two-satellite operation may not be

desiraole) or a double stack array of drooping dipole antennas can be used.

A second antenna is a "Wheeler" linear array antenna developed by GE for use

at L-Band for an LMSS experiment with ATS-6. A photograph of the L-Band

antenna is given in Figure 4.6-19.

r

The antenna consists of seven equal length sections foreshortened to provide a

140 upward beam tilt from broadside. The top section is shorted to resonate

the antenna. Peak gain measured was 4.3 dBi (linearly polarized), dimensions

are indicated in Figure 4.6-20 (for the 1.5-1.5 GHz antenna). This antenna is

approximately four feet long at UHF; presumably lightweight metallized plastic
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Figure 4.6-19. Wheeler Type Linear Array Antenna (Linearly Polarized)
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cylinders can be used to reduce weight. It is not likely to be collapsible.

Since this antenna is linearly polarized there will be a 3 dB loss in gain.

Convenience is ,fudged to be not as great as with the drooping dipole antenna

and the linear array cost will be more also. The principle virtue of this

antenna over a simple monopole is its ability to reject ground skip because of

the upward looking beam (the monopole gain is about 2 dB less).

A third antenna type can consist of either a short axial mode helix or short

crossed yagi antenna. Both have been described previously, however both are

light weight, low cost high performance antennas with good circularity and

thus are easily portable. Both can be encased in a surface hardened foam.

Since the gain is significant the antennas must be pointed, consequently these

antennas are not as convenient as those previously described. Pointing

involves turning the antenna mast in the azimuthal direction corresponding to

the satellite. A concept of this antenna, mounted on a mast is depicted in

Figures 4.6-21.

ATTACHE CASE
RADIO EQUIPMENT

Figure 4.6-21. Pedestrian High Gain Antenna
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Ifie supporting stalk can be telescoped for greater convenience and a flexible

wax is useu for connection to the radio. The antenna is used in situations

wneru the user is nut overly inconvenienced by the requirement fur "rough

steering". Such situations may pertain at construction sites, oil wells etc.

A tour turn helix with a 12.5° pitch angle provides an on axis gain of about

It obi with a corresponding beamwidth of 55
0

.	 UverdII dimensions are

approximately five inches by nine inches for the helix plus about a nine inch

diameter ground plane. 	 Antenna noise is somewhat higher than for the

mechanically steered antenna previously described, approximately 70 to 8U0K

is anticipated.

A final antenna to consider is a quarter wave monopole.	 Its gain is -1 db

referred to a circularly polarized antenna. Compared to the drooping dipole

antenna the difference in gain is not that significant. 	 However a simple

monopole will encounter severe fading due to ground reflection - as is

.4 encountered in terrestrial systems. In the latter situation however, the

combination of short range and relatively high power enables the fading to be

"overpowered" e.g., 20 to 30 db of extra power is provided to overcome the

fade depths. This extra power cannot be provided by satellite except at great

cost.

It is juugeu therefore that circularly polarized antennas with some method for

yround isolation (ground multipath isolation) such as the drooping dipole and

,•.	 "cup" are best suited to a pedestrian situation.

4.o.3 MOBILE RADIO COSTS

4.b.3.i	 lntrouuction

Four generic services have been defined, cellular-compatible radio telephone,

"stano-alone" radio telephone, dispatch ("stand-alone") and interactive

oata-position location ("stand-alone"). Actually there are a great many more

possibilities which will likely be implemented which are tailored to

individual or private network needs. For example, steered or fixed antennas,

or simpler pedestrian - compatible antennas may be used, reduced channel

capability or fixed tuned transceivers will serve in some situations, and

transponders such as might be used for oil well logging, etc. might use

k
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	 manually steered antenna arrays with gains of 15 to 20 d8. Recognizing that

the possible implementations can be very large, typical costs are provided for

only the few generic services and for the corresponding radios. 	 Salient

characteristics of these radios are described in Table 4.6 -5.

Investihent costs can be converted into periodic costs, including OAM in order

to compare the subscriber's transceiver cost with satellite and gateway

charg,^s. In this study, interest is assumed to be at a IOT rate, equipment

life 10 years and maintenance cost 5% per year.

4.6.3.2 Transceiver Costs

The design of a transceiver such as a cellular transceiver for low production

cost takes two to five years preparation and $5M to $IOM dollars to

accomplish.	 For transceivers selling in the range of $1000 to $2000 the

prorated design cost is small for production over 100,000 units. The

satellite system transceivers for dial up voice and data - either cellular

compatible or stand alone are similar to those of the terrestrial system in

almost ?very detail except for the antenna and for the always-available cormnon

signalling channel.	 The production cost of the (satellite) mobile fixed
l

antenna is comparable to a terrestrial antenna (which is not necessarily e

simple "whip") while the steered antenna might cost as much as $100 extra. An

approximate cost allocation is given by;

power amplifier 21%
synthesizer 10
handset 21
antenna 8

' controller 10
re(	 iver 10

s audio 5
packaging 15

TUU%

x

It	 is	 apparent	 that,	 except for	 the	 steered	 antenna	 the	 satellite	 system

mobile transceiver should be close in price to its terrestrial counterparts.

R

The	 interactive	 data	 position location	 transceiver	 with	 fixed	 antenna,	 is

fixed	 tuned	 and	 considerably simpler,	 and	 is	 expected	 to	 be	 produced	 in

considerable volume - perhaps millions, if not	 tens of millions of units.	 Its

cost	 should be correspondingly less,	 and	 of	 course,	 its	 development	 cost	 is

not significant compared to the production cost.
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1 J	Figure 4.b-22 snows the relationship between a user's investment cost fur
V.

equipment, including installation, vs. monthly cost (to compare with monthly

charyes described elsewhere), and equivalent cost per call minute, assuming

subscriber representative calling rates and a peak factor of 2:1. Also

inuicated in Figure 4.b-22 are ranges of investment cost representative of the

yeneric radios. Thus, both cellular compatible and "stand-alone radio

telephone radios with full signalling and switching capability will be sold in

the rdnye of $800 to $15UU resulting in monthly costs of $11 to $26 per month

or call minute charges of 2.1t per minute to 54 per minute, (.03 erlangs). Of

course, the user "pays" for his radio only during the time he uses it, e.g.

his call minute rate times his average use (erlanys) is equal to the monthly

cost. It is apparent that his radio costs are small compared to his satellite

charges. Fur example a more sophisticated antenna, such as a steered antenna,

estimated to cost $100 more than the simple fixed antenna substantially

reuuces his satellite charges, yet costs only $1.70 per month or 0.28 cents

per minute. The more sophisticated antenna i s clearly worthwhile.

uispatcn systems are less expensive, not all the signalling and switching is

believed to be necessary. Cost per month is approe mately $17 per month or

approximately 8.1¢ per minute, comparable to the space segment charges

previously discussed. However, cost of a more sophisticated antenna is still

d bargain, particularly if the mobiles operates in areas of substantial

building multipath and man made noise. Therefore, it appears that relatively

suphisticateo antennas such as the steerable ones described previously, are

important to LMSS.

Finally, it is be; eves that the simple interactive data-position location

transceivers, fixed tuned, and with simple, fixed antennas will cost between

$100 dnd $200 with simple readouts. Monthly costs are in the range of $2.23

to $4.34 or 9.9 cents per minute to 21 cents per minute at .001 erlangs peak,

or roughly 2000 users per channel. (ht course, mobiles for this service are

expected to transmit less than a second per day so that the monthly charge is

the best measure of value. It is clear in this case that radio costs are

important and simple fixed antennas more desirable.
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4.7 TOTAL SUBSCRIBER CHARGES

Total subscriber charges, consisting of space system, gateway and nobile

radio, can be described for a representative situation,. based on information

presented previously. The representative situation chosen is based on the

likely traffic projection, second generation system, e.g. characteristic of a

mature I_MSS operating in the years 1993 to 7.000 Aft.

The system, with two operating satellites and one spare, is capable of 80,000

equivalent 4 KHz trunks, provides 71 beams per satellite and represents a

total investment of 1470 millions of (1982) dollars. The investment per trunk

and per subscriber are tabulated in Table 4.7-1.

Call minute charges for the system, based on a peak to average factor of 2,

beam fill of 1, and bandwidth/power factor of 1, are tabulated in Table 4.7-2.

Space segment charges are typ i cally 5.3 cents per minute, 19.6 cents per

minute and :10 cents per minute for 4, 15 and 30 KHz trunks respectively.

Somewhat lower values are obtained if the satellite can be "filled" more

quickly,, and somewhat higher values pertain to 40% return on investment. The

charges show the value of narrowband modulation. These call minute charges

can he translated into monthly charges For typical subscriber usage, assumed

to be .03 erlangs peak for radio telephone subscribers and .01 erlangs peak

for trunking subscribers; results are tabulated in Table 4.7-3.

Table 4.7-1. Investment Per Trunk and Investment
Per Subscriber, Total Investment = $1470H

TRUNK TYPE SERVICE
INVESTMENT PER

TRUNK
INVESTMENT PER
SUBSCRIBER

30 kHz RADIO TELEPHONE $ 137,800 $ 4546

15 kHz RADIO TELEPHONE $ 69,000 $ 2273

4 kHz RADIO TELEPHONE $ 18,375 $	 606

4 kHz TRUNKING $ 18,375 $	 184

* RADIO TELEPHONE = 0.03 ERLANGS PEAK, TRUNK ING = 0.01 ERLANGS PEAK
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Table 4.7-2. Call Minute Charges

RETURN ON INVESTMENT = 20% RETURN ON INVESTMENT = 40%

CHARGE FOR CHARGE FOR
LIKELY MARKET ASYMPTOTIC LIKELY MARKET ASYMPTOTIC

TRUNK TYPE PROJECTION VALUE PROJECTION VALUE

4 kHz 5.3 C/MIN 3.2 9.6 5.6

15 kHz 
a

19.6 0MIN 12.0 35.7 20.7

30 kHz 43.2 4/MIN 26.4 78.7 45.7

Gateway costs, based on a quantity of 1000, which is believed to be

conservative, are displayed in Table 4.7-4, as a function of gateway

capacity. Une erlang corresponds approximately to 33 radio telephone

subscribers or lUQ dispatch subscribers, so that the subscriber base need not

be large in order to attain gateway charges that are small compared to the

space system charge. A capacity of one erlang results in a charge of 2.54 per

minute.

Table 4.7-3. Monthly Charges for Typical Subscribers

TRUNK TYPE SERVICE

RETURN ON INVESTMENT
=20$

RETURN ON INVESTMENT
=40 %

4 kHz TRUNKING $ 11.60 $ 21.00

4 kHz RADIO TELEPHONE $ 29.93 $ 54.18
(STAND-ALONE)

15 kHz RADIO TELEPHONE $ 128.70 $ 234.45
(COMPATIBLE)

30 kHz RADIO TELEPHONE $ 283.70 $ 516.80
(COMPATIBLE)
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Table 4.7-4. Typical Gateway Charges

L

a CALL-MINUTE
GATEWAY TRAFFIC CHARGE

ERLANGS CENTS PER MINUTE

0.1 17

0.5 5

1.0 2

1.5 0.9

01

Finally, subscriber radio costs are tabulated in Table 4.7-5, in terms of

monthly charges based on 10% interest, 10 year payback and 5% maintenance.

All three charges, space, gateway and mobile radio, can he added together to

obtain total typical charges for the LMSS service. These charges are given in

Table 4.7-6 for the case of 20% return on investment and a gateway peak

capacity of one erlang.

Table 4.7-5. Equivr_lent Transceiver Charges

INSTALLED MONTHLY MINUTE
COST CHARGE CHARGE

$ 1500 $ 26 4 CENTSRADIO TELEPHONE

TRUNKING $ 1000 $	 18 8 CENTS

INTERACTIVE DAl A $	 100 $	 2 8 CENTS

t

1
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Table 4.7-6. Typical Total Subscriber Charges (Space Segment,
Gateway and Mobile Radio)

MONTHLY MINUTE
CHARGE CHARGE

TRUNK TYPE SERVICE DOLLARS CENTS

4 kHz TRUNKING 34 15.3

4 kHz RADIO TELEPHONE 69 11.3

15 kHz RADIO TELEPHONE 168 25.6

30 kHz RADIO TELEPHONE 323 49.2

The narrowband (4KHz) radio telephone and trunking services are attractive

compared to present usage, especially considering that the charges are

distance invariant. The 15 KHz cellular compatible radio telephone service

also is comparable to expected cellular charges. Both the 15 KHz and 30 KHz

radio telephone services are not expected to serve urban areas where cellular

systems already exist but to serve the cellular customer by providing roaming,

paging, wideband, and long distance services. In this case the toll charges

k are favorable compared to long distance TELCO charges, and the subscriber

activity should therefore be considerably less than .03 erlangs (he uses the

satellite service only when the terrestial service is not usable). It is also

apparent that the satellite system can provide a new radio telephone service

which is not compatible with cellular but which can provide attractively

priced services everywhere except in the downtown sections of the largest

cities. The two services are "mirror images" of each other - the cellular

works well in urban locations, the satellite works well in rural - suburban

`	 locations.

Eventually, the radio telephone mobile equipment might be designed to optimize

both terrestial and satellite system parameters simultaneously, e.g. 30 KHz F11

and compandored SSB. Perhaps, to conserve bandwidth in order to provide

expansion beyond the capacities now foreseen the terrestial system might

eventually adapt compandored single sideband, or some comparable technique

such as (digital) linear predictive encoding. A truly versatile, high

capacity national radio telephone system could then emerge.

P
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4.8 114PLEMENTAIION SCENAklu

4.8.1 Htf,UMMLNOLO APPKUACH

Thu urtt,_ulty in coumrercially implementing a land mobile satellite system is

a compounding of four factors:

1. The technology of a multiple beam LMSS with its large deployable

antenna and unique spacecraft bus increases the risk of failure.

2. While the markets an LMSS would serve are believed to be large, there

is no assurance or experience to prove that subscribers would flock
to the system in sufficient numbers, and early enough in order to
generate an adequate investor's return;' another factor to be weighed

is the auility of the mobile equipment manufacturers (and to a lesser
extent the gateway manufacturers), to provide sufficient quantities

of equipment even if the market itself is otherwise willing.

3. The FCC has not allocated any bandwidth to a LMSS, a situation that
casts a veil of :ncertainty over any putential commercial endea: , or; a

corollary is that the FCL is not likely to allocate precious OF
bandwiuth to an LMSS unless it has reasonable assurances that such a
system is in the public interest and that it will go forward.

4. A final most important consideration is the truly enormous investment;
required before both the market and the technology can be "tested".
the investment for the plan suggested herein approaches one billion
1982 dollars.

ilie above considerations suggest a more evolutionary approach with a smaller

satellite in order to obtain favorable FCC action and FCC authorization,

establish the commercial entity and, establish the market characteristics.

Previous studio	 have indicated the difficulties of the approach from the

puint of view of curmmercial viauility. 	 However LMSS proceeds, the gap that

must be bridged, sooner or later, is the construction and launch of a large,

nigh capacity multiple beam satellite. 	 NASA can play a key role in the

accomplishment of a mature LMSS; one plan (there are many), suggested herein

Is a cooperative venture between NASA and a commercial entity to accomplish

the high capacity U.S. land mobile satellite system believed to be needed in

the 1990-2000 time frame.

It is assumeu that a satellite similar to Concept C2 is desired. 	 Phis

satellite has 31 UHF beams, l S-Band (or Ku Band) beam for the fixed service,

nds a ueginning of life mass ih synchronous orbit, of 3809 lbs (3850 I bs if

Ku-band is used), generates 1800 watts at the end of life (approximately 2200

C
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watts if Ku Band is used) and requires a UHF power amplifier RF capability of

over 12 watts. This satellite generates approximately 31 x 0.9 x 2.5 MHz =

69.75 MHz of useful bandwidth at a fill factor of one (7.75 times the capacity

of a simple single beam satellite). No on-board switching is used. The

mobile radio must generate 2.6 watts of power with a 10 dBi steerable antenna

or 12.9 watts with a fixed antenna, for a 15 KHz voice channel (FM). 	 The

gateway power amplifier power is .44 watts per carrier with a three meter

antenna, plus about 10 dB for uplink power diversity. Satellite fixed

services power at Ku-Band is 240 watts. Its antenna diameter is approximately

100 feet (33 meters), three times the diameter of NASA's ATS-6 satellite. An

antenna significantly larger than 10 meters is required; a ten meter antenna

with a beammwidth 2.6 degrees is not sufficient to obtain frequency reuse via

spot beams. A 10 beam system, (plus off shore beams), with a 55 foot

aperture, 1.5 degree beamwidth and a 4:1 frequency segmentation generates only

2.5 times the bandwidth of a simple single beam satellite, (fill factor of

one). 14hile this represents an advance in the state-of-the-art with regard to

ATS-6, the increase in capacity (over a single beam system) is not very

significant. Consequently, it was concluded that a larger antenna but roughly

in the same technology class, is a better choice.

It should he noted that the capability of this satellite cannot meet the

requirements of the "likely" market projection. However, in the absence of an

LMSS to serve and stimulate that market, it is not reasonable to conclude that

projection is valid.

Finally, the high power version (Concept C2 or performance +10 db better than

the nominal case), was selected because the cost implication was minor, fixed

antennas provide excellent performance and steerable antennas will work well

in most urban locations not excessively troubled by "shadowing".

The concept selected, of course, is a compromise to limit investment and

minimize technology risk, yet provide a significant advance in the state of

the art of high capacity multiple beam land mobile satellites.

The recommended implementation is a cooperative effort between NASA, to

develop the technology, and a commercial entity to use the technology in the

{	 public interest, and to provide an adequate attractive return to its investers

to encourage continuing evolution of the services and the technology. 0fK	 -
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course, the suggested scenario is only one of many, but it suggests a generic

approach based on cooperation between NASA and a commercial entity providing

operational services. The split in tasks depends on when the commercial

entity is formed and is vieble, and therefore two possibilities are

considered. Basically, NASA continues the development of technology to its

maturity but depending on the formation of the comet > -cial entity, NASA may

share or no7 share the system development costs with the commercial entity.

In addition, NASA shares the cost of the first satellite - used initially for

test and demonstration by NASA and later for revenue producing services by the

commercial entity, requiring a transfer of ownership, say, at the life

midpoint. The commercial entity also launches other satellites of similar

design, as needed for service. Gateways and mobile equipment a-e manufactured

by industry and are owned by system operators (or subscribers), but not by

NASA or the commercial entity.

4.8.2 DEVELOPMENT SCENARIO

A schedule of events is depicted in Figure 4.8-1. The direct "path" to system

implementation	 includes	 a	 competitive	 "Requirements	 Qefinitinn	 Study"

(1983-1984) sponsored by NASA and a competitive "Phase "C" - 	 in Study"

(1985-1986) sponsored by NASA leading to the selection of a manufacturer for

satellite development beginning in 1987. If the commercial entity is formed

by 1987 (Scenario A), the development cost can be shared; perhaps the

commercial entity is responsible for the transponders and feed design and NASA

is responsible for the spacecraft bus and antenna. If the commercial entity

is not formed until later (Scenario B), then NASA is responsible for the

entire satellite development. In either case, an early launch of satellite

"F" (for experimental) enables 2.5 years (more or less) for experimentation

and demonstration - principally to allow market aggregation, system test, and

for disposition of gateways and satellite compatible mobile radios. At the

end of 3.5 years, satellite ownership passes to the commercial entity. Figure

4.8-1 also identifies year-end 1984 as the assumed date for FCC frequency

allocation and authorization to proceed. Figure 4.8-1 also depicts other

development programs (proof of concept or POC), consisting of mobile antenna

development, satellite linear amplifier development and satellite antenna feed

development. A follow-on development program to provide field tests and

demonstrations of mobile test vehicles with antennas is needed. Using antenna

types similar to those previously developed, such as fixed and steerable
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^+ antennas, vdrruus tests of shadowing, multipath fading (ground "skip" ana

building skip"), thermal and man-made noise and doppler, can be made to

evaluate antenna anu mudulatiun (companuor action, SSb, etc). technology.

Ldrge aperture development, shown by the dashed lines in Figure 4.8-1 is

already on-going and the funding is assumed not to be part of LMSS.

lwo other development programs are important. One is the development of a low

cult gateway, vitally needed to avoid TEI,CO charges which could render LMSS

uneconomic or unattractive (a low cost SCPC terminal also may have other

applicatiuns in the fixed satellite service). The other is a "PUC" program

tur mobile radios to stimulate a timely interest by the mobile radio equipment

suppliers in satellite compatible radios as a prelude to their commitments to

develop and sell the equipment later.

Figure 4.8-1 allocates time for radio and gateway equipment manufacturers to

develop and market their wares; of course, this is done at their expense,

perhaps by means of business arrangements with major users.

The NuL/SUL, a state of the art facility requiring no advanced technology is

built and tested as depicted in Figure 4.8-1.

The stage is now set, at the beginning 1991, to launch the first satellite

("E"), operate the system via the NOC/SOC, and distribute gateways and mobiles

for a pre-operational 2.5 year period. This period also serves as a market

aggregation period which ends with the introduction into service of the "F!"

operational satellite.	 Experiments and demonstrations are then transferred

from "E" to "Fl" for revenue producing service. Upon completion of its

experimental program, E becomes a second operational satellite. At the end of

its lite, 4.5 year later, it is replaced uy "F?".

The scenario ends in the year 2000; presumably the system can either be
i<

cuntinueu by the launch of another satellite to replace F1, (a response to a

s'	 stagnant market) or a new generation higher capacity satellite can be

introuuced in response to a growing market and F2 continued in service as a

31	 spare.	 In this case F2 has salvage value with regard to the first 7 year

operational period.

k
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Tab l e 4.8-1 is an investment allocation between NASA and the commercial entity

for the two scenarios, based on the SAMSU model costs computed for Concept

Ll. A perusal of the table inuicates that the commercial entity has little to

du with the technology development at the program beginning, can share in the

development cost only it it is formed in time, but certainly must assume the

burden for the revenue producing system elements.

Fur SLendriu A (tile early appearance of the commercial entity), Table 4.b-2

describes total NASA investments (not counting personnel and overhead) and

Table 4.8-3 describes the total commercial entity investments (also not

counting personnel and overhead, etc). The peak NASA investment is f61.5M and

the total is $Z4bM. Tile cumriercial entity invests heavily somewhat later dnd

accumulates a total investment of yo7U.5M.

It the commercial entity appears later, then Scenario 8 pertains and Table

4.8-4 oescribes the NASA investment, which is considerably higher at the peak

and in total, and Table 4.8-5 aescrioes the corresponding commercial entity

investment.

4.8.3 INSII1UIIUNAL ANU RLbULATURY ASSUMPTIUNS

The FCC actions on LMSS are crucial to its successful implementation and

viable operation.	 Suffic i ent bandwidth must be allocated to enable a

meaningful system. This study assumes 10 MHz. if only half the bandwidth is

dllocateu, LMSS loses approximately half its income, or satellite complexity,

fur a given capacity, is substantially increased ;not counting diplexing

losses, twice the nurm)er of beams are needed).	 LMSS economic viability is

seriously threatened, if not destroyed. In addition, this bandwidth should be

continuous to facilitate the 4:1 	 frequency	 segmentation,	 the minimurn

segmentation believed necessary to obtain reasonable sidelobe isolation in d

Multiple beam syst_m.	 If the baadwidth is not continuous, it may not be

possible for the segmentation to result in an efficient system.

Tile selection of uplink and downlink bands also is critical with regard to

LMSS isolation vis a vis the cellular and SMR systems, and regulations can be

imposed on radiation specifications and interference situations which can

severely limit LMSS operation near the terrestrial facilities. All these

issues require reasonably favorable and timely FCC action as well as

additional detailed study.	 To achieve the implementation plan described



2M

4M

1
1

7
2

1	 2

-	 N/A

-	 2

74.05
	 /4.05

148.1

148.1

(148.1)

74.05
148.1

148.1

(148.1)

STUDIES (2) 2 M
PHASE C DESIGN (2) 4 M
MOBILE ANTENNA DEVEL (POC) 1
LINEAR AMPLIFIER DEMO (POC) 1
SATELLITE ANTENNA FEED DEMO

(POC) 2
MOBILE RADIO FIELD TESTS/DEMOS 2
MOBILE RADIO DESIGNS 1
LARGE APERTURE DEVELOPMENT* N/A

GATEWAY DEVEL.(POC) 2

SATELLITE DEVELOPMENT

S/C BUS/ANTENNA 126.8
TRANSPONDERS --

LAUNCH VEHICLE PROCUREMENT
E 29

F1 -

F2

F3 -

NOC/SOC --

SATELLITE b LAUNCH S
INSURANCE E MISC.
E 74.1

F1

F2

F3

-- 126.8 -
139.5 139.5

29 29 29

58 - 58

58 58

(58) - (58)
15 7.5 7.5

Table 4.8-1. Cost Allocation, Concept C2

SCENARIO A	 SCENARIO B

NASA COMMERCIAL NASA COMMERCIAL

REQUIREMENTS DEFINITION

$ 244.9	 $670. 8( 73. 2%) $392. 9	 $522.8(57$)

TOTAL	 $915.6 M	 $915.6 M

* ASSUMED TO BE ALREADY FUNDED BY NASA/DOD
^'	 f7

I
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previously, FCC favorable action should be obtained in 1985, which requires

continuing interaction between the FCC and interested parties, including NASA

up until that perioa.

It S-bans is to be usea for the fixea link, aaaitional FCC action is needed to

allow LMSS fixes links in the 2500-2690 MHz band. Operation in this band is
not desirable, however, because of the substantial uplink interference created

by ITFS transmitters. Operation at Ku Band for LMSS removes this difficulty,

has but a small effect on gateway costs but does require extensive

coordination to remove certain interferences caused by other fixed services

operations in Ku band. Reconcillation of these issues at the FCC requires a

detailed system design and implementation plan.

favorable FCC action also can substantially affect commercial interests in

LMSS, since it is apparent that a market exists ana the techn^logy problems

can be overcome by direct NASA participation. However, the formation of a

corporation with the investment capability to accomplish the recommended

system will be very difficult ano probably will take a long time. In the

absence of the support such a corporation would give at the FCC, NASA,

representing the particular public interests of prospective public, Government

and industry users of LMSS (as well as the corporation which provides the

operational service) will have to present the case. This includes the public

interests of why LMSS is important, the utility of the special services and

the technical characteristics necessary to define how LMSS works in its radio

environment. Therefore, continued effort at the FCC on all these issues by

NASA is a necessary preluae to the success of LMSS in a reasonable time frame.

4.8.4 TECHNOLOGY IMPRGi'MENTS

4.8.4.1	 Introduction

This	 section	 is	 a	 compendium of	 technology	 that	 either	 requires development
i.

and demonstration or that is key to the development	 of	 a spectrum efficient,

'	 cost effective LMSS.	 Some technology	 is obvious but	 nevertheless is	 includedl^
for	 completeness;	 other technology	 has,	 by	 virtue	 of	 this study,	 been

identified	 as	 important. Since	 detailed,	 satellite,	 gateway	 or	 mobile	 radio

oesigns	 have	 not	 been	 part	 of	 the	 Study,	 additional	 problems perhaps	 as

challenging as those to be described can emerge from future system studies	 and

el



i

i

Lecluwlogy ueveIopment. It	 is	 believed,	 however,	 that	 the present	 Study	 has

identities dlniost	 dll	 those which	 are	 keys	 to	 the	 future LMSS.	 these	 are

listed	 to the	 following sections	 along	 with	 an	 indication where	 the	 studies

and developments could be performed	 in the proposed scenario.

it.8.4.'[ Space Segment

Inc deployable offset teu untenna is of course, the dominant feature of the

Satellite, and much development work and demonstrations have already been

accomplished. 4 principle issue to be dealt with is whether such a system

sbuuld be deployed in the STS orbit, perhaps with EVA support, or EVA support

it needed, and the possibility of antenna retraction and return to earth

Sooulu problems develop. It is axiomatic that the antenna deployment

(specifically what to do if it uoesn't) is the key technological problem to be

sulveu, particularly considering the enormous satellite-launch vehicle cost,

the uniqueness of this experience in aerospace history and the consequent

indemnification	 problems.	 The	 remaining	 spacecraft	 problems,	 while

significant, are mure tractable. 	 A listing of a space segment technology

assessment is given in Table 4.8-6.

r 1.8.4.3 Uateway

Tne Ku-8anu SCPI. earth stations are state of the art and used (arid planned to
4	 be used), extensively with U.S. Fixed Services DOMSATS. The gateway defined

'i	 uy the Study is similar in most respects to those anticipated for DOMSAT use.
Is	 urstinyuishing features are the uniformity of design from one gateway to thy!

next aria the large numbers, perhaps thousanus, that are expected to be

needed.	 All dispatch operators and wireline and radio common carriers for
r:

radio will use the gateways (instead of radio towers as in the case of

terrestrial systems) to establish the local connection. As was described

previously, the gateway eliminates all TELCU service charges for dispatch, arrd
enables RCC's and wCCs to minimize total system cost considering both gateways

and his own TELCU network, if any.

Recognizing the importance of a low cost gateway to LMSS economy arid

flexibility a Gateway Uevelopmental Program (POC) to reduce cost and

standardize equipment is a contribution to an effective LMSS. Important
elements for this development are:

4-221	 WPC-0138M-23M
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1. u orator installed s stems - to minimize out of ocket costs.P	 Y	 P

2. Integrated HF/1F subassemblies

3. Solid state HPA's (suitable for low capacity gateways) to minimize
main^enance.

4. Standardized MUUEMS (data and voice), frequency synthesizer, and

control.

	S.	 Standardized echo canceller for radio telephone.

	

b.	 Stanuardizeo TELCU and satellite system signalling architecture.

4.8.4.4 Mobile Radio

It is anticipdtea that a great variety of services will emerge from LMSS

operdtions, leading to a wide variety of mobile equipment choices. Users may

use laoo, sea, or air vehicles, or walk, be interested in transportable

(operate while motionless), mobile, or pedestrian operation, desire dial-up

voice, dial-up data, simplex voice/data or interactive data/position

location. basic services are compatible radio telephone (an integrated, large

network), stand-alone radio telephone (an integrated, large network), and

dispatch (private network). Users can choose antennas ("fixed", steerable, or

"pedestrian" types), tuned or fixed tuned transceivers according to their

individual needs.

three steps are recommended to prepare the way for the timely introduction of

this equipment. The first of these, the "Mobile Antenna Development" (PUC),

should design, build, test and characterize a representative low cost example

of d fixed vehicle antenna, a mechanically, and an electronically steered

antenna, and a pedestrian antenna (4 antennas), including consideration of

nidirutacturing tolerances, 	 installation,	 esthetic appearance,	 windage and

vandal problems. This program should benefit from consultation with mobile

equipment manufacturers. Gain, circularity, ground skip rejection and antenna

noise temperature are important parameters.

A second program "Mobile Radio Field Test and Uemonstrations", enables an

evaluation of service availability, using various antennas, in different

service environments (cities, suburbs, rural areas, mountainous regions,

Alaska, etc.), using IMMAkSAT, MSAT or ATS-3 to provide statistical data on

4-223	 WPC-0138M-23M



d

e
cumYnunicatrunS dvaiIabIIity ano impro:urnents uespIte snauuwing, grounu skip,

multi-pdth from buidings, etc., man-made noise and land grade. This program

cdn provide important data on the degree of antenna complexity required (and

cost) to provide adequate acceptable service.

N recununendeu program is a Mooile Radio Uesign Study (2) performed by mobile

rauio equipment manufacturers, of typical mobile radio designs taking into

account the LMJS communications and signalling architecture, LMSS service

standards and specifications, and the radio environment (mutual dispatch or

cellular interference, etc). This study can resolve specification or

stanuards conflicts and, most important, prepare the mobile radio equipment

ihuustry for its entry into the manufacture of satellite compatible equipment.

Sume preparation is needed because satellite compatible designs, while similar

to terrestrial designs, sifter in important ways. Examples are the antenna,

the need for a low noise front-end, different modulations and channel

spacings, linearized HPA's and different signalling protocol. Lack of

prepdrdLiun can result in tardy equipment introduction and consequent

i	 satellite unuer utilization with disastrous economic consequences for the

commercial entity.	 Of course, in Scenario "N" the commercial entity could

4	
share iu the cost of these development programs, perhaps ire all three (or

n
N	 perhaps in none).

4

L
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ki
4.9 SPACECRAFT CONFIGURATION

4.9.1 INTRODUCTION

Orbital geometry for the LMS spacecraft is shown on Figure 4.9-1. This

concept uses the LMSC wrap-rib or "Flex-Rib" deployable reflector and

collapsible truss deployment booms as described on pages 461 through 464 of

Reference (2). The 1.8 Kw solar array ',s the MBB type frame membrane design

using 6 1.1 x 3.3 meter panels, each providing 300 watts EOL power. An empty

panel frame and yoke are provided to position the solar cells outside the

23-1/2 degree sun line to preclude solar cell shadowing by the aft module.

To efficiently control this large spacecraft, it will most likely be necessary

to provide Reaction Control Subsystems (RCS) and reaction wheels in both the

lower and upper or aft modules. All payloads and housekeeping electronics are

contained in the lower module to minimize the power and signals to be

transferred between the deployed modules.

4.9.2 LAUNCH CONFIGURATION

The large size of the orbital LMS spacecraft requires extensive compacting for

launch stowage in the STS and multiple on orbit deployments to achieve the

final operational configuration. The 17' x 17' UHF feed is folded into three

equal width segments for stowage on two sides of the spacecraft BUS section as

shown on Figure 4.9-2. The Ku-Band antenna reflector and solar array are

folded and secured to the remaining BUS sides, also shown on Figure 4.9-2.

The BUS section is attached to the IUS by a tubular truss aft module/support

structure as illustrated on Figure 4.9-3. The aft module houses the stowed

BUS/feed truss boom and the furled reflector and its collapsed boom section.

Also located in the aft module is an independent reaction control subsystem,

and if required, an independent set of reaction wheels. 	 The aft module is

attached to the BUS and IUS adapter trusses at four separation points using

dual pyro activated separation nuts. As shown on Figure 4.9-3, the

spacecraft/IUS assembly has a total stowed length of 47.4 feet providing ample

clearance in the 60 foot long cargo bay. The IUS is positioned as shown to

insure that the combined spacecraft/IUS cargo meets the STS cargo weight and

center of gravity criteria.
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IIII-	 ,p.icecrot.	 length of	 31 I t 	cantilevered Iran the ILIS forward	 it Lac h

ItAerIucc may exceed the IUS interface luau and benuiny niontent cdpabiIILy

reyu It Ibg a turwaru duxiIiary support crab le fur Lhe Spdcecrdf L. An alternate

launch support concept is to provide independent launch support systems for

the spdLeCrdtt and IUS with remote latches used to join the two dSselnbl l(. -S

ulL r SIS injection anu prior to IUS/spacecraft erection and ejection from tho

515.

At ter SIS IdUnCII to the low earth parking orbit, the spacecratt/IUS L.seml,ly

is uructed and ejected from the STS near the equatorial crossing. After

dchleving the requireu separation distance front the STS, the two sLdge IUS is

used Lu inject the spacecraft into the final geosynchronous mission orbit.

9.3 URb11AL CUNFIhURATIUN

The LMS spacecratt is separated from the remaining IUS secund stage after

Injection and d(^ployed to the operational configuration as follows:

1.	 The dit module to BUS separation joints are released and the main

BUS/feeu collapsible truss extended to separate the two segments.

i. ]tie furled UHF reflector anu boom launch locks are released and the
reflector boom extended.

J.

	

	 the IUb toot diameter OF "Flex-Rib" reflector is released anu
unfurled.

4. Ine UHF feeu is released, unfolded and extended to the final canted
position.

5. The b toot Ku-band reflector is released, unfolded, and latched.

b.

	

	 The solar array is deployed to complete the spacecraft deployment
sequence.

the LrIS	 spacecraft orbital	 configuration	 is	 shown	 in	 the operational
i,
rk	

orientation on Figure 4.9-4, with all appendages fully deployed.	 On orbit

(.dtltr6l ann nos it inn are ma i ntainCa 1-Y the	 'y	 du	 oo dilu	 f	 uL wuu ie RCS/whee I

systerus using ACS reference data and control logic from the BUS mounted
I '
	 aLtitude control subsystem sensors and electronics.

C
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4.10 REGULATORY AND INSTITu'PIONAL ASPECTS

The terrestrial systems described in Volume 11 do not require any regulatory or institution-
al changes. This section is concerned only with regulatory and institutional aspects of satellite
systems.

4.10.1 ReguNtory Aspects

4.11).1.1 frequency Allocation Considerations

A( the time of this writing the regulatory aspects arc dominated by the problem of 1're-
quency allocation. The World Administrative Radio C'onl'crence in 1979 (WARC 79) author-
ised the frequency band 806-890 MHz I'or land mobile satellites. Within the United States the
band is allocated for terrestrial land mobile. The Federal Communic.nions Commission has
studied the needs for present types of land mobile services and determined that by 1990 there
will be it of available land mobile capacity for present types of services in 19 major
geographic areas and by 2000 there will be a shortage in 21 motor areas.''' 'I fie Commission is
(herel'ore very reluctant to introduce satellites into that frequenc y hand, viewing satellite land
mohile as a new service, and one that uses the spectrum less ellic ; ently than other land
.utbile services. The proposed introduction of satellites into the band has alarmed many

present service and equipment suppliers who have expressed their alum in strong terms to
the FC'C.

Neither the FCC nor the service and equipment suppliers oppose satellite land mobile in
principle. The important issues — the need 1'or land mobile services that satellites call
and the business opportunities that they offer—tend to be clouded by the concern over their
introduction into the 800-900 MHz frequency blind.

This study is primarily concerned with the need for satellite-aided land mobile, its advan-
tages for some specific applications, and its technical and economic feasibility. The study
results show clearly that satellites can and should play all role in l'ulure land mobile
services. The frequency allocation problem must be resolved and it suitable allocation made
For the land mobile satellite system.

'['lie use of the 806-890 MHz band was assumed in the study because it is the band allocat-
ed by WARC 79 and because it makes possible the implementation of it ubiquitous mobile ra-
dio telephone system through compatibility with the urban cellular mobile radio telephone
systems. Most of the satellite applications identified -it I do not require compati-
bility with terrestrial systems, and their technical requirements can be met at frequencies
above 890 MHz. Other frequency bands should be :onsidered for the service if there is a
consensus that the service cannot be accommodated in the 806-890 MHz band.

A rather broad band of frequencies is technically suitable for land mobile satellites. A ma-
jor consideration is the vehicle antenna design. The most suitable designs are omnidirectional
in azimuth with a vertical pattern that discriminates against ground reflections and has some
gain at all elevation angles to the satellite throughout the service area. The pattern should be
achieved with vehicle antennas that are small in size, low in cost, and suitable mechanically
and aesthetically. Antennas that meet the requirements can be built for the 800 MHz band,
but below that frequency they may be physically too large to be acceptable. Above 3000 or
4000 MHz the physical size and aperture of the antennas becomes too small unless they are
made directional in azimuth and elevation. As indicated to Section 4.6.2.4 it may be practical

T'IT IFuture Private Land Mobile Telecommunications Requirements, Interim Report, August
1982, Prepared by: Planning Staff, Private Radio Bureau, Federal Communicati gns Com-
mission.
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to build slcerable antennas for vehicles. Al,frequencies above approximately 5000 MHz. the
amouth and cleva;ion beamwidths may become so narrow that low-cost, accurately steered
antennas for most land vehicles may not be feasible. L-band, 1550-1650 MHz was found to
be it optimum choice for land mobile when tests were made with NASA's ATS-6 satel-
lite. A portion of that band is now allocated for aeronautical mobile but is unused.

The reserve hands in the 806-902 MHz spectrum should be allocated to the services that
are deemed most valuable. Value depends on the numher of persons served and also on the
services offered. The following comments, though simplistic, may contribute to an under-
standing of the relative merits of allocating the reserve hands to satellites or to additional ter-
restrial channels. The FCC future requirements study 121 lists the populations of the 21 mark-
el areas in 1980, !990, and 2000. The total population of the areas is expected to be
88,384,000 in 1990. The report lists a total of 115 MHz for land mobile between 806 and
947 MHz. If it of 20 MHz (10 MHz uplink, 10 MIlz downlink) is the bandwidth under
consideration for satellites, it affects 0.174 of the total allocation.

II' the 20 MHz are assigned to the terrestrial systems, quality of service can be maintained
fur 15 million more persons in the 21 markets than would be served at the same quality if the
20 Mllz is assigned to the satellite. No new services would be introduced. It is recognized
that all of the 21 markets will have demands for more terrestrial services than can be supplied
within the 155 MHz bandwidth unless new techniques or procedures can improve the
efficiency of spectrum usage. The rest of the nation's population, about 150 million persons,
will have adequate terrestrial mobile services within the band.

II' the 20 MHz is allocated for satellites, approximately 60 million persons in non-urban
areas will benefit directly. The satellite will provide needed new services and functions that
will have economic benefits for the whole nation. An important issue is the capacity of a sat-
ellite system to serve a number of users that is comparable to the total that could be served
in the same bandwidth as the terrestrial systems. It is shown in Section 4.2.4.1 that a 100
beam satellite system can provide approximately 62,500 simultaneous duplex voice channels
in the 20 MHz allocation. That is about the same number that can be served in the total
SMSA area of the contiguous states in the same bandwidth by terrestrial systems as shown in
Section 4.10.2.2. A single beam satellite system would serve about 2500 voice channels, and
a 31 beam satellite would serve about 6250 duplex voice channels.

The FCC requirements study refers to "links," which can be simplex or duplex voice or
paging channels. If the concept of links is applied to the satellite, with its greater variety of
functions, the number of links can be very large, because many of them will be used for nar-
row band data and position location. As many as 50,000 trucks can be accommodated in one
4 kl li channel because their narrow bandwidth digital messages are short and inl'requent.

All of the spectrum below 10,000 MHz has been allocated. New services can be accom-
modated only by changes in the present uses of the spectrum. With regard to land mobile
the FCC comments: eat

"The potential sources of additional communications capacity for private land mobile com-
munications can be grouped into the following four categories:

A. Release of all allocated land mobile reserve;

B. New allocations/sharing;

2r 0 p. C i L, p. 27IT,
n Op. Cit., p. 44.
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C. Additional sharing among the land mobile services;

D. New technologies/ systems."

The development of space technology has introduced a means of providing mobile radio
services and functions that are new and important. The siudy that led to this report has
identified needs for satellites in mobile radio services, and determined that large numbers of
users can benefit from properly designed space systems. From a purely technical point of
view, there is a wide choice of spectrum that is suitable for satellite land mobile, and the
favorable propagation characteristics make it possible to communicate with narrower channel
bandwidths than are used in terrestrial systems. Valuable services can be provided by satellite
within a comparatively narrow spectrum allocation with considerable freedom to choose the
portion of the spectrum in which the allocation is made. Other considerations, such as com-
patibility with other mobile systems should be taken into account in selecting the band. The
important opportunity offered by space technology deserves serious consideration by regulato-
ry agencies.

4.10.2 FCC Policies

4.10.2.1 Aliocation Criteria of FCC

The Federal Communications Commission has "...developed a set of criteria, or princi-
ples, by which it determines whether a proposed use (of the spectrum) is to be defined as a
radio service, and thus to be allocated a portion of the spectrum. These principles are, in
effect, a statement of FCC policy for spectrum allocation." (4)

"The essence of these principles may be stated as follows:

1) Whether the service in question really requires the use of radio or whether wireline is
a practical substitute;

2) Radio services which are necessary for safety of life and property deserve more con-
sideration than those which are more in the nature of conveniences or luxuries;.

3) Where other factors are equal, the Commission attempts to meet the request of those
services which will render benefits to the largest segment of the population;.

41 Whether the service meets a substantial need and has a reasonable probability of being
established on a viable basis;

5) Consideration of the most suitable place in the spectrum to satisfy the requirements of
each particular service, and finally;

6) Consideration of industry and public investment already committed to a particular fre-
quency band."

"Analysis of past decisions indicates that safety of life and property, service to large
numbers of people, and committed capital investment are given the most consideration."

4.10.2.2 FCC Criteria Applied to Land Mobile Satellite Service

Need for Radio

Communications with moving vehicles obviously require radio. There are no other
significant means. Terrestrially based mobile radio systems are limited in service range and
coverage. Satellites can overcome the deficiency.

g	 4 Off_ p Cit., p. 41.
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Services Necessary for Life and Property

Mobile radio is vital to services related to the safety of life and property. 'terrestrial
mobile radio techniques are inadequate to support these important services in rural and re-
mote areas. Satellites can overcome the deficiencies and provide these much needed services
where they are not now available.

Benefits to Large Section of Population

Volume I identifies three market categories I'm mobile services that may be satisfied by
the use of satellites, but which may not be satisfied by any other means. Their economic and
social benefits cannot be questioned. A satellite with large beam footprints on the earth pro-
vides less opportunity for frequency re-use than terrestrial systems, and thus may require
more spectrum per user than terrestrial systems. The severe limitation of spectrum that can
be allocated to mobile radio makes it necessary to determine if the loss to terrestrial mobile
users through the satellites would be greater than the advantages gained by those who would
benefit from the services provide(] by satellites.

1 he prospect of using satellites for mobile radio applications presents the Federal Cont-
munications Commission with difficult choices because the use of' spectrum to satisfy mobile
radio requirements could eventually result in the denial of' services either to persons who live
in densely populated areas or to persons who live in thinly populated areas. The great
difTerence in population density throughout the contiguous states lies at the root of the prob-
lem. In Reference I the FCC presents the future mobile spectrum requirements of 21 large
metropolitan areas. It can be shown that there is not enough spectrum allocated to satisfy all
of the requirements in those areas, yet most of the country will not require the full use of' the
available spectrum to meet its needs.

Important needs exist in non-urban areas of the country that are unlikely to be met by the
use of terrestrial techniques but that could be met by the use of mobile satellites. Satellite
s ystems could meet the needs, but the spectrum cannot be shared by terrestrial and satellite
systems without severe interference to the satellites. It is therefore necessary to consider that
the use of satellites to serve non-urban areas might limit the spectrum that is availahle to
avoid saturation of the spectrum within urban areas. These facts present a difficult dilemma.
Service may have to be limited to it level below demand in some densely populated urban
areas, or service must be denied to potential users of the satellite system in thinly populated
areas. The situation requires a decision with important economic and sociological implica-
tions.

One approach to resolving the dilemma is to identify the users in the urban and non-
urban areas who are denied service by the decision to use or not to use satellites. The

J.
economic and sociological impacts of' the denial should then be considered.

- II' satellites are not used, the requirements identified in Volume I will not be met ade-
quately. The New Services are not likely to be satisfied at all, the Commercial and Public Ra-
dio users will continue to have the limitations of range, coverage and l'unction that are now
the basis for dissatisfaction, and the mobile radio telephone will not be implemented in many
small communities in rural and remote areas.

II' satellites are used, the quality of service for business, special industrial, and some public
and safely services in a few of the largest metropolitan areas will suffer from channel over-
loading unless some significant technical advances are implemented to permit a larger number
of users per channel or unless more spectrum becomes available than is now anticipated. The

AI	 introduction of new technologies to increase the capacity within available spectrum allocations

s';;.•	 4-235
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is always slow because they may require the replacement of user equipment; for example, a
conversion io compandored single sideband would make obsolete the presently used frequen-
cy modulation equipment. The replacement cannot be imposed more rapidly than the normal
replacement rate of user equipment, and thus the introduction of new technologies would
take place over decades, and not result in a rapid increase in channel capacity. The availability 	 r
of new spectrum for mobile radio suffers from the tremendous competition from many other
legitimate users and potential users of the precious, limited resource. Modern technology and
ingenuity continue to find new ways to use radio.

'rhe numbers and types of users who are denied service in each area, urban and non-
urban, can be estimated. Spectrum efficiency can be estimated by considering the frequency
re-use potential of a single channel in the terrestrial and satellite systems. An estimate is
made for each type of service. Where appropriate, we assume the markets to be the "most
likely" estimates of Volume 1.

For mobile radio telephone, present urban cellular systems employ frequency modulation
with 30 kHz channel separation for a total of 666 channels. The channels are divided into
seven subsets of 95 channels each to serve seven cell clusters for the purpose of avoiding co-
channel and adjacent channel interference. The description of the cellular system by the Bell
System (5) states that it is practical to reduce cell sizes in cities to one mile radius. A cell
would then have an area of 3.14 square miles. One channel can serve 30 subscribers with an
acceptable blocking rate. The number of subscribers in a cell may then be 2850. The likely
penetration of the market is equal to one percent of the population. It is apparent that the
p resently assigned 666 channels could serve population densities as high as 90,000 persons
per square mile. There are few if a.iy areas in the country with population densities that
large. It would appear that the present allocation for terrestrial mobile radio telephone sys-
tems is adequate to meet foreseeable needs, perhaps without reducing cell sires to their small-
est practical size.

Mobile radio telephone service in non-urban areas can be supplied by terrestrial systems
where the population density justifies the investment. Volume I, the market study, and
Volume 11, the terrestrial concept, conclude that terrestrial systems may be economically
justified in all the SMSA counties of the contiguous states. It does not appear likely that ter-
restrial systems will make a significant penetration of the non-SMSA counties. The total po-
pulation of the :ton-SMSA counties is 7,600,000. If it spectrum allocation is made for satel-
lite mobile outside the present allocation for terrestrial cellular, the non-SMSA counties can
be served without affecting the terrestrially based cellular service in the SMSA counties.

The allocation of spectrum for satellites must be weighed against other mobile uses for
spectrum. Efficiency in the use of spectrum may be evaluated by considering the re-use ratios
of a single channel in the terrestrial and satellite systems and the number of persons that each
would serve in the urban and non-urban areas. For mobile telephone, the average range of a
terrestrial installation is eight miles except in cities where range has been purposely limited by
using small cells. It should be noted that ten installations are used in the first Chicago instal-
lation where cell splitting has not yet been implemented.

The average service area of a terrestrial installation is thus 200 square miles. Thirty sub-
scribers may be served by the single channel in one service area. A single channel in a cellu-
lar system is used in one seventh of the terrestrial installations in accordance with the assign-
ment plan that is designed to minimize co-channel interference. If the entire area of all the
SMSA counties were served by terrestrial installations, the number that would use the single

tst Bell Systems Technical Journal, Jan., 1979, Vol. 58, No. 1, p. 30.

I
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r	 channel would he 321. The largest possible number of subscribers served in SMSA •, by the
channel would be 9643. The actual number would be smaller because many areas within the
S r ^SA counties have a population density too low to justify terrestrial installations. The aver-

,	 age population density of the SMSAs is 385 persons per square mile.

A one hundred beam satellite with it frequency reuse ratio of 4 would have 25 beams that
used the channel. With thirty subscribers per channel-11--am the total number served is 750.
II' full advantage is taken of the favorable propagation characteristics of the satellite links, the
modulation teclmique may be amplitude-compandored single-sideband or it 	 of linear
predictive coding digital modulation. The bandwidth per channel is 4 kHz rather than the
30 kilz of the terrestrial cellular compatible system. If that seven to one greater usage of the
spectrum is realized, the channel used on the satellite would serve 5250 subscribers. If polari-
zation diversity for the satellite-mobile links proves practical, an additional factor of two may
be realized so that the satellite may serve approximately 10,500 subscribers in the same chan-
nel bandwidth that would serve 9000 urban subscribers in the terrestrial system. The favor-
able propagation characteristics of the satellite links would support the use of the narrow hand
modulation and polarization diversity techniques, but at the cost of poor compatibility with
the terrestrial systems. As noted previously the total capacity of a 100 beam satellite with it

20 MHz allocation is 62,500 duplex voice channels without the polarization diversity.

The satellite installation cost is not sensitive to population density, but only to the aggre-
gate number of subscribers within a beam footprint. It is reasonable to expect that the satel-
lite will actually serve a larger portion of its potential market than the terrestrial system be-
cause of the terrestrial system's sensitivity to population density.

Need for Service and Probability of implementation

The fourth criterion of the FCC considers whether there is a substantial need for the ser-
vice and whether there is a reasonable probability that it will be implemented on a viable
basis. The need for mobile radio services in thinly populated areas could be met by satellite
systems, and the technical feasibility of fulfilling the needs by satellite has been shown by
many demonstrations with NASA satellites. The costs per user are reasonable for the satellite
system, but not for a truly nationwide terrestrial system.

Implementation of a satellite system requires that some entity invest the large amount of
money necessary to launch a satellite and build the earth station facilities before the market
has been developed. It is probable that a group of industries with important, unmet needs
might form a consortium to implement a system. This study cannot assess the "reasonable-
ness" of such a probability, but it does seek to present information that is useful in evaluat-
ing the economic as well as functional and technical feasibility of implementing such a system.

Suitable Place in Spectrum

The fifth criterion addresses the portion of the spectrum that should be allocated to a Jim -

ticular service. The choices for mobile radio are limited to bands near 30, 150, 450, and
850 MFIz for the land mobile service. Consideration may also be given to L-band, 1550-16.50
MFIz that contains allocations for maritime and aeronautical mobile.

Mobile radio services in non-urban areas have different propagation requirements than
mobile services in urban areas. In cities, short ranges are desirable in order to provide for
frequency re-use, as in the cellular systems. In non-urban areas, maximum range is desired
to minimize the number of repeater installations and to serve the generally longer distances
over which communications are neeLed.
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,



Il`^

	 e

l;

The 806-890 MHz band is well suited to the urban cellular systems because of its short
range. Its short wavelength is also an advantage because it provides somewhat better building
penetration than the lower frequency mobile bands. The band is not well suited to non-urban
terrestrial mobile radio because the propagation ranges are short and many repeaters are
needed to cover large service areas. As noted in Volume 11, Uppal and Edwards report that
signal attenuation at 30 km range is 19,8 dB greater at 850 MHz than it is at 150 MHz. An
attempt to increase range by increasing the power can be expensive. There is less diffraction
of 850 MHz signals than at lower frequencies, and therefore terrain features block the signals
more severely than at lower frequencies, making deeper shadows behind hills and structures.
Increased tower height is not effective because the signal attenuation is mostly by obstructions
in the vicinity of the mobile. The characteristics that make the 806-890 MHz band attractive
for the urban cellular systems make the band unattractive for terrestrial non-urban mobile
communications.

Satellite -mobile communications do not have a frequency dependent range limitation,
They do suffer greater foliage attenuation at 850 MHz than at lower frequencies, but the high
elevation angles to the satellite reduce the probability that it will occur compared to the terres-
trial systems. Satellite mobile communications are essentially communications between two
points in free space, as demonstrated by many experiments with NASA's ATS satellites, and
as reported in the literature.t7l

The 80ti-890 MHz band is in the optimum portion of the spectrum for mobile communica-
tions. It has the following advantages:

• Vehicle antennas can be small, (e,9) have sufficient aperture and gain, vertical patterns to
avoid ground reflections yet accommodate the changes in elevation angle to the satellite as
the vehicle moves throughout the country, and have a pattern that is omnidirectional in
azimuth so that steering is not necessary. The antennas can be inexpensive.

• Satellite antennas can be built with sufficient gain to concentrate their transmitted energy
on the nation, or to have a number of beams that can provide effective frequency re-use.

4 • Ionospheric propagation effects are lower at 850 MHz than at lower frequencies. Faraday
rotation, scintillation fading, and group delay within the ionosphere have only small effects
on signal polarization, amplitude and phase fluctuations, and range measurement errors.

t, 
The propagation characteristics of the 806-890 MHz band make it the best available choice

for urban cellular systems, but a poor choice for non-urban terrestrial systems. The
wavelength of the 806 -890 MHz band makes it a near optimum choice for non-urban satellite
mobile communications. If channels within the band are assigned for satellite use, the oppor-
tunity exists to provide the nation with a ubiquitous radio telephone system in which the sub-
scribers use the terrestrial systems in densely populated areas and the satellite system in thinly

T M^le Communications, William Lee, McGraw Hill.

tsi General Electric Company, "Satellite-Aided Mobile Communications Limited Operational
Test in the Trucking Industry" July 1980, Final Report on NASA Contract NASS-24365.
The test was conducted at L-band using ATS-6. Antennas on the trucks were 30 inches
tall, one inch in diameter, of the Wheeler type with patterns as described here.

t9i General Electric Company, "Final Report on Application of Sa,ellite Communications and
Position Fixing Techniques to Land Mobile Systems," Contract DEA-76-20. GE Report
SRD-77-01. Describes experiments with a station wagon linked to ground stations through
the VHF (150-135 MHz) transponders of ATS-1 and ATS-3.
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populated areas. Accommodation of satellites within the band may increase the overall
elliciency of spectrum usage. Some limited sharing of channels may be possible because the
satellite downlink signals cannot interfere with the urban cellular systems.

Industry and Public Investment Already Committed

The sixth criterion of the FCC considers the industry and public investment already com-
mitted to a particular frequency band. Industry investments in the terrestrial cellular and oth-
er systems in the 806-890 MHz band are very large. Cellular mobile telephone promises to
make an important advance in the use of mobile radio. The investments and promise must
be protected. Specific assignments of channels are being made at the time of this writing, and
cannot be revoked once they are made.

Balanced against the commitments are the needs for the same kinds of services in non-
urban areas. Despite some claims to the contrary, unimpeachable experimental evidence and
propagation calculations based on theory clearly show that the 806-890 MHz band is not well
suited to terrestrial mobile use in thinly populated areas. In a private communication, a rep-
resentative of a concern that assists applicants for cellular licenses stated that his concern
discourages entrepreneurs who wish to apply for licenses in communities below 100,000 po-
pulation. All of the evidence leads to the conclusion that a large portion of the nation's po-
pulation will not benefit from the 806-890 MHz frequency allocation if it is used solely for
terrestrial systems. That portion of the population could benefit if some portion of the band
is used for satellite-aided mobile communications. The potential benefits were recognized
by the 1979 World Administrative Conference when it authorized the use of the band for sat-
ellites in Regions 2 and 3.

4.10.2.3 Status of Frequency Allocations

The Land Mobile Satellite service was recognized internationally when the World Admin-
istrative Conference in 1979 authorized Land Mobile Satellites in the frequency band
806-890 MHz. The authorization was made for Region 2, North and South America, for Re-
gion 3, Asia, and for Sweden and Norway in Region 1.

The Federal Communications Commission has not yet allocated a spectrum within that
band for satellites. NASA has played a key role in presenting the case for land mobile satel-
lites to the FCC, culminating in a "Petition for Rulemaking — Mobile Satellite Service" that
was filed on November 24, 1982. In that petition "NASA proposes that the Commission
promptly institute rulemaking to consider the following:

I. Allocation of 821-825 MHz and 866-470 MHz (both currently in reserve) to the Mobile
Satellite Service on a primary basis.

2. Continuation of the reservation of 845-851 MHz and 890-896 MHz until 1990, to main-
tain the availability of sufficient spectrum for the commercial phase of a Mobile Satellite
Service while the results of an experimental use of 821-25 and 866-70 MHz bands... are
evaluated.

3. Allocation of from 35 MHz to 80 MHz of spectrum in each direction at S-band, or Ku-
band, for "feeder-link" purposes, i.e., for access to and from the Mobile Satellite by
fixed satellite earth stations to be interconnected to the Public Switched Telephone Net-
work ("PSTN") and to other terrestrial communications systems, such as base stations
for private mobile operations."

4-239



  

i'

NASA also called attention in the Petition to the underutilized segment of the
1500-1600 MHz (L-band) that is currently allocated to Aeronautical-Mobile services. "NASA
does not here propose an immediate allocation of L-band spectrum for Land Mobile Satellite
use... However, in the anticipation that the mobile communications market will experience
substantial growth over the next two decades, and that there will develop sufficient demand
for Mobile satellite services of a type not requiring interoperability with 800 MHz cellular and
Private Systems, NASA suggests that the Commission give consideration to the future alloca-
tion of up to 20 MHz of L - band spectrum ( 1 0 MHz for uplink, and 10 MHz for downlink)
for Land Mobile Satellite services."

The FCC is under great pressure to assign spectrum in the 800 .900 MHz band to services
other than satel!ite mobile. Cellular and private users would like more bandwidth than they
now have assigned. Other new services that are requesting allocations include air-to-ground
telephone for airline passengers and a new Personal Radio Communications System. We note
that the telephone service for airline passengers could be furnished more effectively by satel-
lite and probably at lower cost than the present plan of communication through a nationwide
terrestrial network of tower mounted relays.

The FCC staff response has generally been cool to suggestions that spectrum in the
800 .900 MHz band be allocated to land mobile satellites. The staff has not perceived as
strong an advocacy for the satellite mobile service as it has for the other services. Pressures
for the satellite service are building. The Department of Communications (DOC) in Canada
is proceeding with a Mobile Satellite (MSAT•X) that will provide mobile services in Canada.
NASA and DOC have agreed in principle to a joint Mobile Satellite Experiment that will in-
volve the use of the Canadian satellite for mobile communicate , ns in the United States.

4.10.2.4 International Coordination

In addition to solving the problems of spectrum assignment in the United Sidles, coordi-
nation with Canada and Mexico is necessary. The satellite beams will overlap the borders of
the other countries. There is a potential for interference to the satellite system from other
systems in other countries. Perhaps the coordination with Canada is in progress because of
the Canadian initiative with their MSAT.

4.10.2.5 Commentary on Regulatory Aspects

All of the spectrum below 10 GHz has been allocated. Every new application of radio
communications that needs spectrum below that limit will have to be fitted in by adjustment
of current allocations. As technology develops, many allocation readjustments will be neces-
sary.

S

Land Mobile Satellite Service requires a relatively narrow total bandwidth. It is technically
feasible to olace the SerVICP. WIt11111 hrnAd Cpprl n_m l imits, b It	 VUfor CCMpatibility	 tl

	

nl •1	 IN	 ?

land mobile services and equipments, some specific assignments are preferred.

	

The accommodation of LMSS into the spectrum is a subject of active discussion and re-	 ,.
quests for regulatory action. This report attempts to present information useful to regulatory

agencies as they consider the service in comparison with other contending uses of the desired
portions of the spectrum. The probable outcome of regulatory actions cannot be predicted at
the time of this writing. Regulatory aspects of LMSS are a matter of ongoing concern that re-
quire a continuation of the effort that led to this report. a

?i
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P	 , 4.10.3 Institutional Aspects

4.10.3.1 Institutions That Provide Services
The institutional arrangement for the Land Mobile Satellite System will be essentially the

same as that of the terrestrial mobile radio systems. Services to subscribers will be provided
by Radio Common Carriers (RCCs), Wireline Carriers (WCCs), and Special Mobile Radio
Services operators (SMRs). Private users, such as large trucking companies, may operate
their own gateways as will public service entities.

Space System Operator

The space system, comprising the satellites, the Network Operating Center (NOC), and
the Satellite Operating Center (SOC), will be operated by a Space System Operator, a
"Carrier's Carrier." Channel assignments for all calls will be made at the NOC, much as the
assignments are made by a central computer in an urban cellular system. Records for billing
will also be kept at the NOC. The centralized control assures efficient use of the channel ca-
pacity and high performance quality. Call placement procedures are described in Sec-
tion 4.2.1.3.

The space system replaces the long distance telephone network for dispatch and public ser-
vice users, and most of the long distance network for telephone services. Wireline charges
are incurred only for the line between a fixed telephone and the nearest gateway, If there
were a gateway for each local office, there would be no long distance Wireline costs for any
calls.

Radio and Wireline Carriers

An RCC or WCC installs his own gateway with its interface to the telephone network after
receiving authorization from the FCC and contracting with the Space System operator, Sub-
scribers may purchase their own mobile telephones or lease them from the RCC or WCC,
who may also furnish terrestrial cellular or other mobile telephone services. A call request
placed by a mobile is received at the NOC via a common signalling channel. The NOC
notifies the appropriate gateway, and assigns the talking channel pair to the mobile and gate-
way, which then proceed to communicate directly. In-band signalling is available for direct
coordination between mobile and gateway after the link has been assigned by the NOC.
Bandwidth, and uplink power if appropriate, are assigned by the NOC. If the call is placed by
a mobile with terrestrial cellular compatible equipment, a 30 or 15 kHz channel bandwidth is
assigned. If the mobile uses 4 kHz single sideband, the corresponding bandwidth is assigned, i
The NOC monitors the duration of the call, and records a charge based on bandwidth, power
and time. The RCCs and WCCs are billed monthly for the service provided by the Space
System Operator.

Private Dispatch Users

Private dispatch users with their own gateways will be served by the NOC in the same
manner as the RCCs and WCCs. Fleet calling will be provided. Private dispatch users which
cannot justify the installation of a gateway will be served by SMRs, who each serve a number
of small dispatch users through a gateway.
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Public Service Users

Public service users will employ the telephone and dispatch modes. They may choose to
share the trunking services provided by the NOC, in some cases obtaining service through

RCCs, WCCs or SMRs. In other cases they may install their own gvtoways and share the
trunking services; i.e., the use of demand assigned channels. Discussions with public service
users have revealed a reluctance to accept trunking with other users. They express a strong
desire to maintain their traditional practice of having channels devo^ed exclusively to their
own use. The Space System Operator may lease channels to publi; service users at a cost that
will provide an adequate return on investment. It is not clear that leased channels will pro-
vide better service, but it will be more costly to the users than the trunking service.

Wldeband Data Service Users

Wideband data services will be provided in the same manner as the telephone services.

Links between the remote data transmission equipment and the central computing facilities
will be set up by the NOC. Record -keeping and billing will be NOC functions.

Interactive Data and Position Location Users
Interactive data and position location services will be centralized at the NOC. The low

throughput, bursty data does not justify a call setup between a mobile and a gateway for each
data transmission. A single data burst may contain only a few hundred bits and may last only
a fraction of a second. Position location interrogations and responses are also fractional-
second transmissions. A single computer at the NOC can compute a very large number of
position locations and thus eliminate the need for a computer at each user's gateway.
Centralizing	 the functions at the NOC greatly improves overall efficiency and reduces cost.

Data collected at the NOC is sorted and transmitted to the users' gateway terminals at in-
tervals appropriate to each user's needs. A typical interval may be once an hour. Priority
data, such as an emergency, will oe immediately relayed to the user's gateway. 	 Special re-
quests by a user, such as the nurrent condition or location of a specific vehicle, will be
fulfilled immediately. The vehicle will be interrogated, and the data will be obtained and re-
layed back to the user without delay.

A further advantage of centralizing the interactive data and position fixing at the NOC ac-
crues to users who have needs only for those services but only infrequently for a few vehi-

cles. Their needs may not justify the installation of a gateway. They may obtain the service
through an SMR, or if none is available to serve them they can obtain it by TELEX or tele-
phone directly to the NOC. The services are thus available at low cost to very small users as
well as to large ones.

4.10.3.2 Institutional Arran gement Features

The institutional arrangement for serving LMSS subscribers 1s already in place. It has the
following features:
• Services to subscribers will be furnished by business enterprises that now furnish mobile

radio services.

• The types of services that can be offered to subscribers will increase and new markets for
the services will open.

M ,se ,,
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• LMSS augments and complements existing and planned terrestrial mobile services. The
LMSS servir" are in addition to the terrestrial services and will not replace or reduce the
terrestrial service businesses.

• A new business entity, the Space System Operator, will furnish the centralized control of
the system, and ot her functions roughly corresponding to the centralized control in an ur-
ban cellular radio izaephone system.

• The use of large numbers of inexpensive gateways operated by independent business en-
terprises all operating through the satellite under centralized control nearly eliminates the
need for long-distance wireline interconnections.

4.111.3.3 System Financing and Development

The land mobile satellite system will require a large investment. It is likely that the
first implementation will employ satellites built with current technology. As demands for
the services grow and larger capacity spacecrafl are needed, advanced technology spacccrd't
will be required. Two important institutions are essential to the implementation and
development — the financial and corporate structure that will fund, build, and operate the
system and the government-aerospace team that will develop the new technology that will
enable the later versions of the system to meet the demands for services, NASA will play
an important role in the development of space technology, particularly in large space strut-

;	 lures and spacecraft power systems,
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Appendix A

SATELLITE MOBILE SIGNAL PROPAGATION

Radio propagation between satellites and mobiles is significantly different from propagation
between mobiles and terrestrial base stations. The deep Rayleigh fading that cannot be avoid-
ed oil terrestrial links can be reduced to insignificance on the satellite links by proper
design of the mobile antenna. Signal strength is within a few dB throughout a satellite beam
footprint; thus dynamic range of the signals is small compared to the dynamic range experi-
enced its it changes its range from a terrestrial base station. Signal blockage due to
hillsand mountains is less for satellites than for terrestrial links because the satellite is at it
high elevation angle. Communications between the satellite and mobile are always direct line-
of-:,fight. II' the path is clear, communications are reliable. If the path is obstructed, the sig-
nals are completely blocked.

Major impairments in the satellite-mobile signal path are the following:

•	 Signal blocking by structures and terrain features

!i •	 foliage attenuation

t' •	 Ionospheric scintillation

•	 Group delay in the ionosphere

•	 Multipath reflections at low elevation angles

f Space loss, the reduction in signal level due to the spreading of the signal energy as the
r signal propagates through space, is given by:t,.
c # Loss (d6) = 37 + 20 Iog 10 D + 20 log10f

Where: D = dis%in,I a in statute miles
n f = frequem y in MHz

Space loss is thus about 183 dB in the 800 - 900 MHz band contemplated for the mobile
a	 ,' radio satellite.	 If the satellite effective radiated pnwer (ERP) were one watt, and the mobile

antenna gain were 0 dB, the power received from the satellite would be -183 	 dB below one
wait (-183	 d13W),	 The signal strength is increased by the increase in transmitter power and

H

by the sum of the increased gains of the satellite and mobile antennas. 	 Signal impairments
reduce the signal levels except for brief, small increases during scintillation fades.

When a structure or terrain feature, a building or hill, is directly in the path between the
'r y' satellite and a mobile, the signal is attenuated severely. 	 It is not feasible to provide enough

signal margin to permit communications by reflections from other structures or terrain fea-
"? lures in the area, which is the practice in terrestrial mobile communications. 	 There may

1K),: be some diffraction around the edges of buildings or over the lops of hills, but the effect isE a 4
not significant for the satellite links.	 Experiments with the ATS-6 satellite at L-band (1550 -
1650 MHz) disclosed that even the trunk of a large tree would cast a sharp shadow for the
signal from the satellite.

A practical way to estimate the areas that are blocked by structures and terrain features is
!o observe the shadows on a bright sunny day at a time when the sun is near the azimuth and
elevation angles that the satellite would have. Where there is direct sunlight, communication
with the satellite would be good; where there are shadows the signals would be blocked. Sat-
ellite azimuth would be a little west of south for the eastern states and a little east of south
for the western states. Elevation would be about 30 degrees in Maine and 60 degrees in Tex-

,i
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as with intermediate elevations in other parts of the contiguous states.

Building penetration is desired for some applications, such as paging and law enforcement.
In the 800 - 900 MHz band building attenuation is typically 20 to 30 dB.	 Terrestrial pag-
ing services and local police radio systems have adequate power density in their service areas 	 x
to penetrate most buildings. It is not feasible to provide sufficient power density on the earth
front it satellite to achieve direct building penetration. A nationwide paging ser-
vice using satellites would require local terrestrial repeaters to relay the paging signals into the
buildings. A paging service with direct satellite-to-paging-receiver may be feasible if building
penetration is not required.

The power density of a satellite signal is compared with the power density of a typical ter-
restrial paging service. The much greater power density of the terrestrial service is sufficient
to overcome the building attenuation and produce a detectable signal in the paging receiver

4	 while the satellite signal is inadequate.

For the terrestrial service:
Runge, paging transmitter to receiver: 	 15 kilometers
Paging transmitter power:	 500 watts
Transmitter antenna gain: 	 10 dB
Effective radiated power: 	 5kW
Power density outside building:	 I.77x10-6 W/m2

For the satellite signal:
Range, satellite to receiver: 	 38,000 km
Satellite transmitter power:	 I watt
Satellite antenna gain:	 50 dB
Effective radiated power:	 100 kw
Power density outside building:	 5.4x10-12 W/1112

In this example, the power density from the terrestrial transmitter is thus .29x10 6 or 54.6 dB
greater than the satellite signal.

The satellite signal level outside the building is sufficiently strong to be received by the
paging receiver, as shown by the following simplified power budget.

Space attenuation, 38,000 km: -183 dB
Satellite transmit power: 0 dBW
Satellite antenna gain: 50 dB
Paging receiver antenna gain: -10 dB
Received signal power: -143 dBW
Receiver noise power density: -194 dBW/Hz
Receiver C/N 0 : 51 dB Hz
Noise bandwidth factor: (10 kHz): 40 dB
Carrier .,) noise ratio: 11 dB

While there is sufficient signal to receive the satellite signal outside the building, there is
not a sufficient margin to overcome the 20 to 30 dB building attenuation.

t

Foliage attenuation is severe in the 800-900 MHz band. The branches of dry, dormant de-
ciduous trees without leaves may not attenuate signals sufficiently to block communications,
but when the trees are wet or in leaf they will almost certainly block satellite signals when	

J

they are in the direct path. Elevation angles to satellites are nigher than the elevation angles
to lower mounted terrestrial radio transmitter-receivers. The probability that foliage is in the
signal path is less for the satellite than for the terrestrial links, although the advantage may be
offset somewhat by the larger fade margin on the terrestrial links.

i
A-2

i

°1



Foliage attenuation may he avoided on the satellite links by moving the mobile out 1'rom
under it Iree or to it spot in it forest where an opening in the canopy clears the path to the sat-

ellite. Communications may be unsatisfactory when in motion along a road lined with trees
close to the road on the side toward the satellite.

Dala on foliage attenuation arc available in the literature, but none is presented here be-
cause the effect is so severe on satellite links that foliage should t isidered a complete
block to the signals in the same way as structure and terrain feature bw. ng. When foliage
is in the direct path, the signals are almost certain to be blocked. When it is not present,
communications are reliable.

Ionospheric scintillation is an occasional cause of fading on signals passing through the
ionosphere between satellites and the earth. The scintillation is caused by irregularities in the
horizontal distribution of free electrons in the ionosphere. They cause the signal ray paths to
be bent, thus focussing energy toward, then away from a point on the earth as the irre.gulari-
tics move. Figure A-I illustrates the mechanism.

A fading episode may start suddenly, last a few minutes or a few hours, and stop sudden-
ly. Occurrences are less frequent at mid latitudes near the magnetic poles and magnetic equa-
tor. 'rhe rate of occurrence is greater during the peak of the eleven year sunsport cycle than
during the years of few sunspots. Fading is more likely to occur near local midnight than at
other times of day, but it may happen at any time.

t `;	 The magnitude of the fading is greater at lower frequencies than at higher frequencies. At
y	 VIIF, it few hundred MHz, the signal may vary from a few dB above the undisturbed signalr

:cvcl to 30 or wore below the undisturbed level. Deep fades are usually of short duration —
it fraction of a second — although periods of reduced signal level lasting for several minutes

r	 have been attributed to ionospheric scintillation.

Fading amplitude is less at higher frequencies, but it has been observed at C-band, 4-6

Gllz. att Fang and Pontes summarize the gross features of 4/6 -GHz ionospheric scintillation as
follows:

tt

	

	 I. Scintillations occur in the geomagnetic equatorial region, mainly between 30 degrees mag-
netic north and 30 degrees geomagnetic south and expand and contract as solar activities
increase and decrease, respectively.

4 y

2. The frequency of occurrence of scintillation events has strong diurnal peaks. The proba-
4

	
bility of occurrence is greaten .bout one hour after local ionospheric sunset, and scintilla-
lions may last for hours until midnight.

3. The frequency of occurrence varies by season, with peak activity around vernal equinox
and high activity at autumnal equinox.

Ii

	

	 4 An f`' relationship with s between 1.5 and 2.0 exists between the 4 and 6 GHz scintilla-
tion amplitudes.

5. The power spectral densities of the	 i.itillati(-n generally exhibit a power law requency
dependence for spectral frequencies gr^ale: nr t the Fresnel frequency. An f` 3 asymp-
totic frequency dependence can by comrJc­ Ia reasonable for most weak scintillation

t `	 events.

6. All these features have annual variatie: s .ztR,,,	 11-year sunspot cycles.

tiI Fang, D.J. and Pontes, M.S. "4t;•,3Hz 1 , 1°; r fie Scintillation Measurements During the
Peak of Sunsport Cycle 21," Comsat, re. 	 Y,)I. 11, No. 1, Fall 1981.
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Figure A -1. Cause of ionospheric scintillation

Annual statistics of ionospheric scintillation at Hong Kong, latitude 22 12'N, geomagnetic lati-
tude 10.52 N, are presented in Figure A-2, courtesy of Dr. Fang. POR refers to the Pacific
Ocean region, served by satellite INTELSAT IV F8 at 174 E. IOR refers to the Indian Ocean
region served by satellite INTELSAT IV-A FI at 63 E. SSN is sunspot number. Note that
the peak of the sunspot cycle occurred in the 1979-1980 period.

The data presented by Fang and Pontes does not apply directly to the 800 .900 MHz band
and to the more northerly latitudes of the United States. The geomagnetic latitude of the
contiguoti q states is from 40 ° N to 60° N.

The data are presented here to show the temporal pattern of scintillation occurrence, and
the general nature of the phenomenon. The frequency of occurrence is less at the geomag-
netic latitudes of the contiguous states, but the magnitude of the fading is greater at 800-900
MHz than it is at 4/6 GHz. While the effect will be noticed occasionally in an operations

	e. I
	

mobile satellite system, it will not have a major effect on signal reliability,

Group delay in the ionosphere refers to the additional time it t:':es for a signal to arrive at
the earth from a satellite because the radio waves travel more slowly through the ionosphere
than they travel in free space or in the lower atmosphere. Group delay has no significant

effect on narrow band communication signals, but it results in range errors when the signals
are used for position fixing by ranging methods. Group delay can cause distortion of wide
band communication signals if the delay is different for the upper and lower sidebands of the
signals.
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Figure A -2. Annual statistics of ionospheric scintillations at Hong Kong earth station

Millman (2) states the "presence of the ionosphere introduces an increase in the effective
q group path length relative to free space and that, for frequencies in the VHF range and

Ay above, the one-way range increase (in centimeters) can be expressed, as a first approxima-

lion, by the function
40x106	(:

0RA m	
2 	

N,.ds

' where	 the	 frequency,	 f is	 in	 cycles/sec	 and	 the	 integrated	 electron	 density	 is	 in
cleclrons/e n.,

Note that the amount of the range error varies inversely with the square of frequency.

Figure A-3 presents typical one-way range errors at 100 and 200 MHz as a function of eleva-
lion angle to the satellite. The range error is reduced by a factor of 16 at 800 MHz relative to
the delay at 200 MHz. The amount of the delay changes with time of day, season of year, the
eleven year sunspot cycle and with solar disturbances. It is usually possible to predict the
amount of group delay to within about one fourth of the actual group delay, hence to correct
range measurements to about one fourth the error introduced by the ionosphere.

General Electric (3) presents the effects of the ionosphere on range measurements from
NASA's A'rS-3 satellite to transponders at Gander, Newfoundland; Shannon, Ireland;
Itcyk_javik, Iceland; Thule, Greenland; Buenos Aires, Argentina; and Schenectady, N. Y. An
example i^, Figure A-4 which shows the difference in measured minus computed slant range

I !1 Millman, (I. IL, "A Survey ul"tropnxpheric. Ionospheric, and Exlraicrredrial ElNeu on Radio I'ropapannn
Itetween the Earth and Spore Vehicles" NATO-AGARD Symposium un "I'ropagalion Fachrrn in pate (t.nr
nuolicaliurls," Rome. Italy, Seplcmhcr 21 . 25. 1965, General Electric Co, Repou'1'IS I061iM111.

LU "Final Report on Phases I and 2 VIIP Ranging and Position Fixing Experimenl Ilsinl. A'1 :S Salcllnc+" I^
November 1068 - I Mac 1971. Contract Nu, NASS-11634 General Flectric 1(et)on S-71-1101).

A- 5 
ORIGINAL PAGE IS
OF POOR QUALITY

i

if



I'
Y

ONE-WAY RANGE BIAS DUE TO

•

4

2

•

6

1

WWF 2

LL

IC3

w
i	 •
rc

4

2

102

s

6

4

2

lot

H>S

0	 10	 20	 30	 40	 50	 60	 70}

ELEVATION ANGLE (DEGREES)

Figure A-3. One-way range bias due to tropospheric and ionospheric retardation.

A-6	 ORIGINAL PAGE IS
OF POOR QUALr1Y.

100 MC/SEC-DAY -

200 MC/SEC—DAY

100 MC/SEC-NIGHT

200 MC/SEC—NIGHT

IONOSPHERIC ERROR

TROPOSPHERIC ERROR

RH c RELATIVE HUMIDITY

10096 RH

0% RHO

P

104

a

s	 ^

e

lop
1

NK
6	 ^	 '

W
Z

3	 q

e	 W
W

zaK
102

i.	 s

3	 r
p

S

P

lot	
A

Si
-:1

It

AND RETARDATION



Y O Aw

a:

y Y q^Y

A A
O
W

4N
°n A

e^
Ye^ s^

gl

1

_^ 5

5

1

f

4a	

Y

• 6 ^ ^ OM	
^'fY	 A

" ^ W Y (1 y

Sll

^0

,0000

OOL1

gg

yD 0015

1g 0001

^S
0060

O 0000 a

4 N
_uo

p
'

0 Q0090 o

p
N

a 0050 p

0040

00 O
0 OOCO

^0 ^.

NCO of
H

0010
r

Y
0000 ^ d

E
lI 00Ez

N

OOZZ C

'e
0012

'$ S
OOOL y a

G
0065 ^ 7

^ p yam.

0091
y
y a

OUT y
M ODphd.

0091 7 '4
A 'O

0051 y,
^ b

OO4S Q tri
or
C

OOCS
m =u
k'0011

OO

(^OO

0000 0
0

0 00
8

m
^n

coo

00
%

O 
0 O

O e

00

rd

.+ o w ao n ^ w v n

spuOD800201H

A-7 ORIGINAL PAGE IS

OF POOR QU

e.



. - "., 4k" .. ;

J Rry ^t
\	 L

I•l

from the satellite to Schenectady during a 24 hour period. The measurements were made
through the VHF transponder of the satellite with an uplink frequency of 149 MHz and a
downlink frequency of 135 MHz.

The effects of the earth 's troposphere and ionosphere on satellite -earth signal paths are
summarized in Table A-I.

Multipath reflections at low elevation angles to the satellite can result in serious degrada-
tion of the signals. When the satellite is so near the horizon that the ground as well as the
satellite is within the beam of the ground station or mobile antenna, the ground reflection
and direct signal can interfere in the same way the ground reflections interfere in terrestrial
systems. A moving vehicle is subject to Rician or Rayleigh fading.

A stationary vehicle may find the signal level weaker or stronger than it would he if the
ground reflection were not present. It is stronger if the direct and reflected signal carriers are
In phase, weaker if they are not in phase. If a single ground reflection is dominant, i,e, there
are no significant reflections from nearby structures or terrain features, the interfernce pattern
has a Fresnel zone characteristic in the surrounding space. A received signal may be changed
from weak to strong by raising the antenna or moving it horizontally so that the difference in
path lengths for the direct and reflected signals is changed by one half wavelength. At UHF
the distance that it must be raised or moved is thus only a fraction of a meter,

If the transmit and receive frequencies are widely separated, the Fresnel zone patterns are

different for transmit and receive, and the position selected for a common antenna on the
basis of the received signal could be wrong for transmissions to the satellite. Frequency
separations contemplated for land mobile transmit and receive bands, typically less than ten
percent of the carrier frequencies, would usually provide a good transmission path if a good
receive path is selected by maximizing the recieved signal.

Geostationary satellites are not truly geostationary. While the distances they move may
not subtend large angles as veiwed from the earth, their diurnal excursions from their nomi-
nal positions may be many miles. As a land mobile satellite moves, the relative path lengths

3 of the direct and reflected signals change and the signal into a stationary vehicle antenna
changes from strong to weak. The change is not rapid, the strong signal usually persisting for
a period of minutes so that a message exchange is possible before a readjustment of the an-
tenna height is required.

Elevation angles to a land mobile satellite for the contiguous United States, Hawaii, and
southern Alaska are sufficiently high to avoid the multipath reflection problem by suitable
design of the mobile antenna. The problem cannot be avoided in northern Alaska. The
mobile satellite communications in northern Alaska may be conducted by stopping the vehicle
and adjusting its position either by moving it back and forth to a spot where the satellite sig-
nal is strong or by adjusting the height of the antenna. An understanding of the problem and
its solution may be gained by listening to ar. FM broadcasting station on a car radio in a weak
signal area. The car, stopped at one spot, may receive a noisy signal or no signal at all. Mov-
ing to another spot a few meters distant can result in clear reception.

a^
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TROPOSPHERIC AND IONOSPHERIC PROPAGATION EFFECTS
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6 K	 Appendix R

EXPERIMENTAL VERIFICATION OF TERRESTRIAL AND SATELLITE
PROPAGATION CHARACTERISTICS

Terrestrial and satellite signal paths are significantly different. Terrestrial signals are
plagued by multipalh reflections and obstructions. They are also affected by large signal level
changes as the relative distance changes between the mobile and the base or other mobiles.
Satellite signals are essentially free space paths with nearly constant signal levels provided that
the satellite is above an elevation angle such that vehicle antenna pattern can minimize
ground reflections. The satellite signals are blocked by objects in the direct path.

Figure B-1 is a cot.. )arison of satellite relayed signals and 150 MHz terrestrial land mobile
signals. Signal level changes of the land mobile signal are in excess of 20 dB. At 800 MHz
the pattern would be similar except that the fading rate would be higher in proportion to the
shorter wavelength. Fading rate is proportional to vehicle velocity and is affected by its direc.
lion of motion relative to the receiver.

The satellite signal was received at the General Electric Earth Station Labortatory via
NASA's ATS- 6 satellite from a truck like the one shown in Figure B-2. The satellite antenna
is the two centimeter diameter, 70 cm tall antenna on the front of the truck cab. The anten-
na pattern is omnidirectional in azimuth and has a vertical pattern from 4 degrees to 19 de-
grees elevation for reception and from 11 degrees to 28 degrees for transmission between the
-3 dB points. The linearly polarized antenna had a maximum gain of 7.3 dB, a net gain of 4.3
dB when used with the circularly polarized satellite. The truck transmitter power was 12 watts
at L-band ( 1550 MHz), Elevation angles to the satellite were between 13 degrees and 19 de-

7	 green as the trucks travelled on their routes throughout the northeastern quarter of the con-
_	 liguous states.

Five trucks in routine service engaged in the experiment over a period of seven months,
The voice communications were between the drivers and Company dispatchers at Staunton,
Virginia. The sig^,als were relayed by the satellite to General Electric's Earth Station Labora-
tory near Schenectady, New York, then simultaneously back through the same transponder
on another chennel of the satellite for a double hop simplex link. The satellite, with its 10
meter diameter antenna and 34 watts of t ransmitter power, had the capacity to relay a number
of the truck signals simultaneously.

The satellite signal recording of Figure B-1 is typical of all the signals during the long ex-
periment. Overpasses and other obstructions blocked the signal completely but briefly.
Table B-I shows the received signal-to-noise ratios in the trucks and at the Earth Station Lab-
oratory. The received signals in the trucks were stronger than those at the Earth Station Lab-
oratory where the recording of Figure B-I was made.

The effects of signal blockage are shown in Table B-2. Signal blockage would be less if the
satellite were at a higher elevation angle. The Southern Piedmont region was outside the -3
dB contour of the satellite beam footprint. None of the ionospheric impairments described
above had any identified effects on the truck communications.

The truck experiment was one of a long series of experiments with land, sea and air
mobiles that measured and confirmed the propagation characteristics of satellite mobile com-
munications. The following is a partial list of publications describing experiments with
NASA's ATS satellite.

Anderson, R. E., Frey, R. L., Lewis, J. R. and Milton, R. T., "Satellite-Aided
Mobile Communications: Experiments, Applications, and Prospects." IEEE Tran-
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saclions on Vehicular Technology, Vol. VT-30, No. 2, May 1981.

Brisken, A. F., Anderson, R. E., Frey, R. L. and Lewis, J. R., "Land Mobile
Communications and Position Fixing Using Satellites," IEEE Transactions on
Vehicular Technology, Vol. VT-28, No. 3, Aug. 1979.

Anderson, R. E., "Communications and Position Fixing Experiments Using the
ATS Satellites," Navigation, Vol. 20, No. 4, Winter 1973-1974.

"Communications Equipment for Alphanumeric Communications Via ATS-3 Sul-
ellite," Final Report on NASA Contract NAS2 -10764 Prepared by General Electric
Company, Prepared for National Aeronautics and Space Administration Ames
Research Center, Moffett Field, CA. June 1981.

"Satellite-Aided Mobile Communications Limited Operational Test in the Trucking
Industry," Final Report on NASA Contract NAS5 -24365, Prepared by General
Electric Company, Prepared for National Aeronautics and Space Administration
Goddard Space Flight Center, Greenbelt, MD. July 1980.
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Appendix C

COMMENTS BY COMSAT ON INSTITUTIONAL CONSIDERATIONS

Fredrick L. Hofmann

We have reviewed the draft of the Regulatory Aspects section of the final report prepared
by GE, and agree with the observations and findings. The attached report contains our addi-
tional comments.

INSTITUTIONAL

Institutional considerations for providing land mobile satellite services range from full
government ownership to private ownership providing a full range of communicadion services.
While NASA has historically advanced satellite communication techniques through hardware
development and demonstration, government ownership of art commercial service
has never been a serious consideration. Neither does it follow the trend toward commerciali-
zation of many functions which are presently performed by government agencies.

The majority of domestic satellite systems operating today providing specialized services
are owned by private companies and operated competitively. In the land mobile satellite case
this would equate to private ownership of the space segment by a company which would sell
services to mobile users and provide interconnection into the public switched network. It has
been shown that such a system can be designed to be compatible with a cellular mobile sys-
tem and provide first priority for call completion through the terrestrial system. Even so, a
system owned and operated in this manner will be perceived as competitive by wireline and
RCC companies, vying, if not directly for customers, then for spectrum. It is evident that to-
day the terrestrial cellular and mobile sevices enjoy the first priority for bandwidth and make
; I difficult to justify reservation of adequate and appropriate spectrum for future land mobile
satellite systems.

An alternative approach would have private ownership of the space segment, but the en-
tire capacity leased or provided on a wholesale basis to one or more retail carriers. Advan-
tages would include greater acceptance on the part of carriers (at least those who directly
benefited) and a greater probability of working out acceptance allocation of spectrum as
demand increases. This would also facilitate arrangements for providing interconnect between
mobile vn:ts and the public switched network. Leasees might be permitted to sitars in the
ownership of such a system.

A variation of this approach would be the case where several companies joined together,
none of them with majority ownership, and operated the space segment for their own se .i^es
,n a shared revenue basis. This might prove the most advantageous approach in terms of in-
suring that economic land mobile satellite service matures in a reasonable time period,
although it also would probably generate the greatest regulatory concerns and issues.

A question which may affect system design is related to the rates charged for services via
satellite and via terrrestrial circuits. Satellite communication costs are relatively distance-
insensitive, while terrestrial costs are distance-dependent. C&'is placed to or from a mobile
unit mny be routed via satellite or via terrestrial link, depending upon the vehicle location. If
there is any substaa.ial difference in rates, particularly in the case of long-distance calls, there
may be attempts to circumvent the proposed system architecture where first priority for call
placement would go through terrestrial circuits,

l
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REGULATORY

Government deregulation and court-ordered divestitures in the communications industry
are intended to permit competitive forces to operate to the benefit of the consuming public.
Advantages can include more alternatives and reduced costs for goods and services. While
these efforts are beneficial and have led to rapid ch p,ages in the communications industry, the
danger is that an economically viable mobile satellite system could be precluded through
premature and irrevocable assignment of spectrum for immediate uses. In the belief' that the
hybrid satellite and terrestrial mobile system has been studied sufficiently to determine its,
feasibility, then technical validation is warranted in the form of flight experiments such as the
proposed MSAT program with Canada, In its recent petition to the FCC, NASA has asked
for a minimum allocation, a total of 8 MHz in the 806-890 MHz band, which will permit early
experiments in both public and frrivate services with the MSAT program. NASA has request-
ed that an additional 12 MHz of bandwidth be reserved for future allocation, which would be
used when the land mobile satellite system concept is validated and an operational system
planned. Even this may not be enough to permit an economically viable system.

The counter argument against retaining reserve bandwidth for the possible use of a land
,z mobile satellite system is that this, and more, bandwidth will be needed it) satisfy the needs

of mobile cellular service. Thi, argument is based upon the projected needs in the very larg-
est metropolitan areas. The concern is that basing cellular mobile frequency allocation on one
or a very few areas will leave much of the country with capacity that will never be required or
used. The tradeoff that must be made is whether service in the few largest urban areas
should be limited in favor of allocating spectrum to a satellite service which much more
equally distributes the capacity over rural areas where it is needed. Despite the enthusiastic
response for cellular licenses, it is quite probable that the growth in the number of cells in-
stalled in any one metropolitan area will be at a fairly slow rate. The high cost of starting up a
new cellular system will in part dictate the growth rate. Little data is available on operating
costs, and even less on the cost of expanding cellular systems once in place to later accommo-
date more subscribers by reducing, through subdivision, the size of an individual cell. If the
cost to accommodate more subscribers throug!: cell subdivision to established systems is
prohibitively high, it will inhibit the desire of operators to subdivide, and hence restrict the
additon of subscribers.

EUntil adequate operating experience is gained with mobile cellular systems, the options for
allocation of reserve bandwidth in the 806-890 MHz band should be preserved. The pressing
issue thus appears to be preventing an irrevocable allocation at this time.
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