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VOLUME 11
EXECUTIVE SUMMARY

1.0 INTRODUCT LON

In accordance with the Statement of Work requirements of the "“Planning
Assistance for the 30/20 GHz Program” contract with the NASA Lewis Research
Center (LeRC), Western Union was tasked to: review and critique the functional
design concepts and technical designs for a 30/20 GHz demonstration flight
system developed by TRW, Hughes, Ford Aerospace, GE, and RCA under the NASA
LeRC 30/20 GHz Program Phase 1I studies; veview and eritique the technical
design review reports submitted by NASA LeRG's technology readiness contractors.
The technology being developed under wultiple contracts awarded by NASA LeRC
are: baseband procassor, IF switch matrix, 30 GHz low noise receiver, 20 GHz
GaAs FET powar ampliifier, 20 GHz [mpatt power amplifier, 20 GHz dua) mode TWTA,

multi-beam antanna,

This volume, Volume II of the three volume final veport contains the
Tasks 4, 5 and 6 reports., TheTasks 4 and 5§ veports discuss the results of
Wes tern Unfon's review of the 30/20 GHz demonstration flight system functiunal
design concepts and technical designs developed by the aerospace contractors
under their respective Phase Il studies, Specifically, Task 4 reviewed TRW and
Hughes baseline and multipie design concepts and Task 5 reviewed Hughes and RCA

multiple design concepts.

The Task 6 report discusses the results of Western Union's raview of
the technical design review reports submitted by the technology readiness con-

tractors,

Highlights of tha three task reports are summarized in the following

sactions .
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1.1 TASK 4 - REVIEW $UMMARY

1.1.1 Gbjectives
The Task 4 objectives were to review, comment and offer recommendations

on Hughes and TRW 30/20 GHz communication system baseline and multiple design
concepts developed in accordance with the requirements of Tasks 1, 2 and 3 in

their respective Phase I1I study contracts.

1.1.2 Review of TRW and Hughes Baseline and Multiple Design Concepts

Under Task 4, Western Union reviewed, commented and offered recom-
mendations on Hughes and TRW's 30/20 GHz communication system baseline and
multiple design concepts developed in accordance with the requirements of their
respective Phase II contracts. Three Hughes and TRW task outputs were reviewed
as part of this effort. The three task outputs are:

Task 1: Baseline System Development
Task 2: Multiple Concepts Development
Task 3: Recommended Concepts for Detailed Development

in their respective Task 4 efforts.

The baseline and multiple concepts development efforts were based on
a two flight demonstration system. In the baseline concept development the com-
munications payload on Flight 1 was specified to censist of trunking and emergency
communications (ECS) on-board systems. On Flight 2 the communications payloads
consist of trunking and CPS on-board systems, the CPS capability replacing the

Flight 1 ECS. No restriction was placed on launch vehicle size.

In the multiple concepts development Hughes and TRW were free to select
and recommend alternative design scenarios. Constraints placed on the multiple
concept development effort were that launch vehicle size for Concept 1 was

restricted to SUSS-D and for Cencept 2 a SUSS-A. The three types of serivces
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i.e., trunking, CPS and ECS need not be demonstrated concurrently on the same

R e L L S e

flight and the intent is to use an existing bus with minimum modifications with

an objective to 1imit the launch vehicle size to SUSS-A as an upper bound.

Both TRW and Hughes functional system design configuration, availability
and BER objectives stated and the transmission data are compatible with the NASA

SOW requirements. .

System availability is a key performance parameter for trunking appli-
cation. In the baseline design the use of diversity earth stations, adaptive
rain response techniques, and normal operating margins were identified as the
system design approaches to be used to achieve the required availability. The
required margin to maintain the specified availability is 20 dB for uplink and
10 dB for downlink. The ability of the baseline system to meet system performance
and availability requirements has not been clearly shown. Further analysis is
required to establish the adequacy of the total syst#m margin to satisfy the
availability requirement as the satellite position is moved towards the orbital
extremes. The question of the adequacy of system margin as a function of satellite
location should be addressed. In view of the availability requirements and
extensive frequency reuse, the design of the larger antenna with one steerable
trunking beam for measurement of interbeam interference characteristics and cross
polarization and implementation of dual orthogonal feed system to maximize
frequency reuse should be a requirement for the demonstration system. The
scalability of the antenna subsystem to 20 fixed beams and six scanning beams
is not addressed. The size of spacecraft antenna and TWTAs vary over a
considerable range and no effort is made to be consistent with the specification
of the subsystems being developed under the technology contracts. The trunking
ground station sizes also vary over a large rarge. However, Western Union ;?

recommends that the maximum antenna size be 7.5 meters.
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The baseline design concept for network control should be reassessed,
A static control approach does not lend itself to the level of traffic antici-
pated in an operational system and precludes redistribution of resources as traffic
demands or a real time basis. While more complex, a dynamic network control

approach is felt to be more efficient and appropriate.

1.2 TASK 5 - REVIEW SUMMARY

1.2.1 Objectives

The Task 5 objectives were to review and offer comments and recommenda
tions on Hughes and RCA 30/20 GHz communication system final design conception
relative to their respective SOW requirements, Western Union's perception of
30/20 GHz communication system requirements, and constraints in terms of system

cost and launch vehicle size imposed by NASA.

1.2.2 General Comments

Although generally buth the contractors meet the baseline NASA
Statement of Work requirements for a single demonstration flight, it is Western
Union's opinion that no single concept proposed by either of the two countractors
convincingly demonstrates a high degree of scalability to an operational system.
A detailed discussion of the system aspects and other ccnsiderations to demonstrate
scalability to an operational system was presented in Task 3. The system concepts
reviewed here either emulate the previous system design ccncepts or provide

further details, and no significantly different or new concepts have been proposed.

1.2.3 Comparison of Hughes and RCA Concepts

Hughes has proposed both TDMA and FDMA transmission modes for trunking
on a non-simultaneous basis. There are four primary and two secondary nodes. The
nodes are Los Angeles, Cleveland, New York or Tampa and Washington, DC or Houston.

The primary and secondary nodes for either transmission mode are the same. The
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transmission data rate per channel is 256 Mbps in either transmission mode.

In the FDMA case multiplexing and demultiplexing is accomplished at RF prior

to any frequency translation. Complete connectivity is provided by a 6 x 4

(6 input, 4 output) IF switch and two redundant paths are provided to bypass
the failed cross-point switches. The transmitter is driven by a 40 watt TWT.
The trunking earth station size is 5 meters with 500 watt TWT. The rain margin
is provided by adaptive power control. An 8 watt solid state power amplifier
{SSPA) provides back-up for TWT for clear weather operation only. Frequency

reuse is demonstrated using spatial and polarization isolation.

Customer Premise Service (CPS) is provided by independently scanned
uplink beam and downlink beams. The signals after downconversion are routed
to the baseband processor where the signals are demodulated, stored and forwarded.
If the uplink signal from a particular CPS station is forward error coded (FEC)
due to rain, the signal is decoded by the baseband processor. Downlink signals
to stations suffering severe rain attenuation are FEC encoded in the béseband
processor. The data transmission rates are either four 32 Mbps or one 128 Mbps.
The earth station sizes for 32 Mbps and 128 Mbps are 3 meters and 5 meters,
respectively. The ground station HPA for 32 Mbps and 128 Mbps stations are
7 watts and 10 watts, respectively. Hughes has proposed the use of LEASAT bus
which requires SUSS-A launch vehicle. The satellite design has a four year
operational 1ife. The satellite antenna has monopulse tracking for high antenna
pointing accuracy. There is no cross-connected between the baseband processor

and TDMA switch.

RCA has proposed TDMA transmission mode for trunking and non-simul-
taneous TOMA or FDMA transmission mode for CPS service. The spacecraft antenna
subsystem is the same as proposed by TRW and Ford in the technology development
contracts. There are four primary nodes and two alternate nodes. The nodes are
Los Angeles, Cleveland, New York or Tampa and Washington, DC or Houston.

5
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Connectivity among the nodes is provided by a 4 x 4 (four input, four output)
TOMA IF switch matrix with internal redundancy to bypass failed cross-point |
switches. The trunking transmission rate is 256 Mbps. The ground station
antenna size for trunking station is five meters using 400 watt TWTA. Adaptive
power control is used to provide uplink rain margin. The CPS transmission

rates are either four channels at 3C Migs or one 120 Mbps. The ground station
antenna sizes for 30 Mbps and 120 Mbps are three meters and five meters, respec-
tively. The HPA size for both sizes of CPS stations are 200 watts. The routing,
ceding/decoding and store forward is provided by the baseband preccessor being
developed by Motorola. RCA has a much lighter spacecraft bus with a SUSS-D
launch capability. The design 1ife of this satellite is four years. The comuni-
cation throughput of both RCA and Hughes is essentially the same. One of RCA's
concepts has cross-connect between CPS and trunking. In general, RCA has made

an effort to utilize the sub-subsystem being developed by others. However, the
interface problems have not been addressed. Neither Hughes nor RCA has inves-
tigated instrumentation to MOhitor system performance parameter, nor have they
addressed the impact of such instrumentation on weight, power and cost of the

satelljte.

1.3 TASK 6 - REVIEW SUMMARY
1.3.1 Objectives

The Task 6 objectives were to review, comment and offer recommendations
on the new technology system and technical designs defined in technical design
review data submitted by NASA's technology readiness ccntractors. Two sets of
design review data from each of 12 technology readiness contractors were ~é

reviewed in the Task 6 effort.



1.3.2 Areas of New Technology and General Comments

Technology readiness contracts have been awarded in seven areas. Each
contract calls for a systems study and design effort and a "proof-of-concept”
(POC) mode)l which will demonstrate the transferability of the paper design to
hardware, The five areas are:

o 30 GHz Luw Noise Receivers

o GaAs FET Power Amplifiers

e Impatt Power Amplifiers

o TWT Amplifiers

o Satellite Switched - Time Division Multiple Access Switches
e Baseband Processors

e Multi-Beam Antennas

The contractors' efforiy have been jidged based on three sets of
references: the NASA Contract Statements of Work received by each, the Western
Union Task II report on Functional Requirements and the output of other NASA
30/20 GHz program contracts in the systems area, as wel] as on more genpral

communication system requirements,

Generally, there seems to have been insufficient attention paid to
the overall system design and allocation of performance to various system
elements, and to obtaining information on the range of system element performance
necessary to make an optimum allocation, In addition, 1ittle attention has been
paid to a defining and assuring the system element reliability needed to build a
spacecraft with a ten year design 1ife. Western Union feels that much more
effort is needed in these two areas if a successful 30/20 GHz program is to be

realized.



1.3.3 Low Noise Receivers

Two contractors participated in this study - LNR, Inc. and ITT,
Both chose the same design, an image enhanced mixer, which represents current
state of the art to obtain the 5 dB noise figure called for in the specification.
However, since the potential for improvement of this concept is 1imited, new
development programs will be required for future designs. Within these limita-

tions both contractors are providing satisfactory hardware.

1.3.4 GaAs FET Power Amplifiers

Contracts were awarded to TI and TRW. While both contractors' designs
meet the specifications given to them, the resulting designs have too little
power output and are too large to be useful in a Ka-band satellite as presently

conceived.

1.3.56 Impatt Power Amplifiers

Two contracts were awarded, to LNR and TRW. While the specifications
will be met by the contractor's designs, the resulting units will be of question-
able utility to a Ka-band satellite design, even though they have higher power
output and are smalier than the GaAs FET designs. In addition, the narrow band-
width available from the Impatt Amplifiers will make satellite design and redun-

dancy switching more difficult than for a wideband amplifier.

1.3.6 TWT Power Amplifier

One contract was awarded to Hughes. The bandwidth and power output
of this amplifier are satisfactory for a Ka-band satellite, but its size,
especially the power supply, lead to some serious questions about overall

satellite configuration.

1.3.7 Satellite Switched - Time Division Multiple Access Switches

Two contracts were awarded, to GE and Ford Aerospace. Both contractors

selected the same approach for the basic 20X20 switch, a coupled crossbar
8



design with GaAs FET crosspoints. Both designs appear satisfactory for the
task, although many minor points need to be clarified, including the reliability/
redundancy analysis. The same architecture has been extended to a 100x100

switch by GE for CPS use. This approach is more questionable.

1,3.8 Baseband Processor

One contract was awarded to Motorola. The design seems basically
satisfactory, although in a number of areas, such as forward error correction

coding, an investigation of alternate approaches would be useful.

1.3.9 Multiple Beam Antennas

Two contracts were awarded, to TRW and Ford Aerospace. The TRW
uses a more or less standard design, requiring four reflectors or a complicated
two reflector system. The Ford design uses only two reflectors for equivalent
performance., On the other hand, the Ford feed design is heavily tied into a
fixed frequency plan. A combination of these idea§ would be desirable, if

possihx,
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TASK REFORT
PLANNING ASSISTANCE FOR THE 30/20 GHZ COMMUNICATION PROGRAM
NASA CONTRACT NAS3-22461, TASK 4

1.0 INTRODUCTION

Under the requirements of NASA Contract No. NAS3-22461, Task 4,
Western Union was tasked to review, comment, and offer recommendations on
Hughes and TRW's 30/20 GHZ communication system baseline and multiple design
concepts developed in accordance with the requirements of their respective Phase
Il contracts. Three Hughes and TRW task outputs were reviewed as part of
Western Union's Task 4 efforts. The three task outputs are:

- Task 1: Baseline System Development

- Task 22 Multiple Concepts Development

- Task 3+ Recommended Concepts for Detailed Development in
their respective Task 4 efforts.

The baseline and multiple concepts development efforts were based on
a two flight demonstration system. In the baseline concept development (task 1)
the communications payload on Flight 1 was specified to consist of trunking and
emergency communications (ECS) on-board systems. On Flight 2 the communica-
tions payloads consist of trunking and CPS on-board systems, the CPS capability
replacing the Flight 1 ECS. No restriction was placed on launch vehicle size.

In the multiple concepts development (task 2) Hughes and TRW were
free to select and recommend alternative design scenarios. Constraints placed on
the multiple concept development effort was that the launch vehicle size for
Concept 1 was restricted to SUSS-D and for Concept 2 a SUSS-A.

Western Union's review, comrnent, and recommendation efforts was
performed through direct interface with Hughes and TRW, and through written
interim reports. Western Union attended the Hughes/TRW presentations made to
NASA at the LERC and offered verbal comments and recommendations during the
course of the meetings. Subsequently, the written report material submitted by
the two contractors were reviewed and interim task reports were submitted to

1-1
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NASA with comments and recommendations. This Task Report is a consolidation
of the previous verbal and interim report comments and recornmendations with
additional review comments incorporated relative to the Hughes/TRW Task 3
recommended concepts.

The criteria or guidelines against which the baseline and multiple design
concepts was reviewed are:

o The SOW for the Phase If studies "Requirements Determina-
tion for the Demonstration nf a 30/20 GHZ Communication
System," Tasks 1, 2, and 3.

o Other direction given by the NASA Program Office.

o Western Union's perception of the functional requirements
for a demonstration system based on projections of initial
operational system traffic density, routing, and
performance.

0 Compliance with NASA program objectives, both technical
and cost.

The review comments and recommendations on the Hughes/TRW Tasks
1, 2, and 3 outputs are given in the next three sections, respectively.

The key objectives of the 30/20 GHZ program are:

0 to develop the xey technology needed for operational
systems in the 30/20 GHZ band;

o to demonstrate, through an experimental flight program, the
applicability of the band and readiness of the technology for
operational 30/20 GHZ systems;

o to develop the technology to conserve valuable spectrum
resources;

o to develop system design concepts and technology that
provide cost competitive services relative to other trans-
mission media, satellite or terrestrial.

1-2
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The Phase I Fixed Communications System Market Demand Assessment
studies provided a forecast of telecommunication service demand for the 1990-
2000 year time frame that substantially exceeds the available capacity of "C" and
"Ku" band systems. Three major service categories were identified in those
studies; voice, data, and video. Within the three service categories those
applications that are broadcast services are excluded as candidates for Ka band
systems, the remaining applications being possible Ka service candidates contin-
gent on other technical and operational ronstraints imposed by the Ka kand system
for specific services..

If one assesses the satellite carrier community in terms of the types of
services each provide, three specific types of carriers can be identified; trunking
carriers, CPS carriers, and trunkng/CPS carriers. Irrespective of their classifica-
tion, all carriers are likely to provide a mix of services that include voice, data,
and video traffic. Development and demonstration of Ka band technology
applicable to the commercial services environment must consider the requirements
of the three basic types of carriers mandating that the demonstration system have
both trunking and CPS capabilities.

To demonstrate the applicability of the Ka band to commercial
services, the basic capabilities and performence of the trunking and CPS systems
must be equivalent to that expected for an operational system. Key technical/
performance characteristics such as availability, switching/routing capabilities,
network control, system synchronization, throughput capacity, adaptive compensa-
tion tvechniques, etc. must be demonstrated. While it is recognized that the
demonstration system will not be sized to provide full operational system capabil-
ities, it is essential that the technology and system capabilities be directly scalable
1o operational system requirements.

1-3
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2.0 DEMONSTRATION SYSTEM DESIGN REQUIREMENTS

The baseline design requirements were derived from the "Requirements
Determination for the Demonstration of a 30/20 GHZ Communications System"
SOW modified in accordance with the results of review meetings between NASA
and the Phase 2 contractors.

The baseline system has been defined to be a two flight demonstration
system designed to demonstrate the technology and system performance for three
basic types of communications services:

- Trunking
- Customer Premise Services
- Emergency Communications Services

The trunking and Customer Premises Services (CPS) capabilities are
considered to be primary demonstration or experiment requirements and the
Emergency Communications Services (ECS) capabilities a secondary experiment
requirement.

The three types of services need not be demonstrated concurrently on
the same flight. Since the development of a CPS on-board baseband processor will
not be developed within a time frame compatible with Flight A hardware
availability requirements, current planning for a two flight program is to imple-
ment trunking and ECS capabilities on Flight "A" (1986), and Trunking and CPS
capabilities on Flight "B" (1988). The ECS subsystem may provide limited CPS
experimental capabilities.

The same spacecraft bus will be used for both flights. The intent is to
use an existing bus with minimum modifications with an objective to limit the

launch vehicle size to SUSS~A as an upper bound.

2.1 TRUNKING REQUIREMENTS

Basic requirements for the baseline trunking system, from the cited
SOV, are:



provide SS-TDMA and FDMA transmission capabilities
(simultaneous operation not a requirement).

support T3/T# user interface rates in SS-TDMA and FDMA
modes.

capable of achieving high nodal availability (.9999) using
diversity earth stations and a combination of fixed margin
and adaptive compensation techniques.

capability of SS-TDMA connectivity between seven fixed
beams.

CPS REQUIREMENTS

Basic requirements for the baseline CPS system, from the cited SOW,

Provide TDMA transmission capability with nominal burst
rates of 32/128 MBPS on the uplink and 256 MBPS on the
downlink

Provide on-board baseband switching/routing capability
Provide CONUS coverage using scanning beam antenna(s)
Capable of achieving a .999 link availability with a combina-
tion of fixed margin and adaptive compensation techniques
low cost user earth terminals

capable of supporting user rates ranging from 64 KBPS - 6.3
MBPS.

ECS REQUIREMENTS

The basic requirements for the ECS system are:

Uplink FDMA channel capabilities; 32 KBPS, 1.5 MBPS, and
6.3 MBPS.

Downlink channel capabilities: 6.3 MBPS TDMA; 32 KBPS,
1.5 MBPS, 6.3 MBPS FDMA in a bypass mode.

Three on-board processor modes:

1. Bypass mode for redundancy
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2. 6.3 MBPS emergency mode w/wo FEC
3. 6.3 MBPS CPS TDMA mode.
- Rapidly deployable earth stations.

2.4 OTHER CONSIDERATIONS

2.4.1 CAPACITY CONSIDERATIONS

Based on Western Union's perceptions of operational system require-
ments, additional demonstration system design considerations are addressed in the
following.

In Section 1.0 it was noted that the satellite carrier community could
be divided into three separately identifiable types of carriers in terms of the
transmission requirements for the market segments they address. The three
carrier types identified were; trunking only carriers, trunking/CPS carriers, and
CPS only carriers. In a previous effort (reference 4) market share estimates were
developed for each of the carrier types and based on the estimates, satellite
capacity requirements for operational systems were developed. The projected
capacity requirements for the three carrier types in the year 2000 time frame are:

0 trunking only carrier - 10 GBPS

o trunking/CPS carrier - 4 GBPS Trunking
- 4 GBPS CPS

o CPS only carrier - 4 GBPS

Initial operational system capacity requirements in the 1990-1995 time
frame will be lower than that given above, reasonable projections being 2 GBPS
CPS and 4 GBPS trunking for a trunking/CPS carrier, 2 GBPS for a CPS carrier,
and 6 GBPS for a trunking carrier. In the design and development of the 30/20
GHZ demonstration system the initial capacity requirements should serve as a
guideline for demonstrating the scalability and system dynamics of the experiment-
al system to an operational capabilities.
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2.4.2 TRUNKING CONSIDERATIONS

Pertinent factors that need to be considered relative to operational
system capabilities include: extension of the number of fixed Leams; adaptive rain
compensation control implementation; frequency reuse; link design and capacity
constraints.

The number of fixed beams considered to be required for an operational
trunking system is projected to be at least 18-20. Beam connectivity in the
demonstration system is limited to four beams. To demonstrate that connectivity
can be extended to an 18-20 beam system the TDMA switch implemented in the
demonstration system should be a 20x20 switch capable of demonstrating the
switching dynamics (switching speed, switch mode reconfigurability) required for
the operational environment. Further the demonstration system antenna subsystem
design and the design of other trunking and spacecréft subsystems should clearly
demonstrate scalability to operational system requirements,

The three primary adaptive rain compensation techniques anticipated in
the trunking system are; FEC, downlink power control, and uplink power control.
The demonstration system requires development of appropriate control algorithms
and network monitor/control mechanisms.

Frequency reuse is a requirement in the implementation of a high
capacity (4-10 GBPS) multi-beam trunking system. Experiments are required to
establish frequency reuse capabilities and constraints in the Ka band system
designs. The demonstration system design must be capable of demonstrating
frequency reuse via orthogonal polarizations and beam separation. The preferred
approach is to design the system with at least one fixed beam in rain zone "E" to
provide for cross polarization isolation experiments, and a second steerable heam
capable of being moved into the above fixed beam coverage area to provide for
beam isolation and interbeam interference experiments. These beams may be in
addition to the seven beam capability planned for the demonstration system, but
need not be.

The NASA SOW specifies uplink/downlink rain margins for the demon-
stration system. Rain attenuation in the Ka band is extremely severe, particularly
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in rain zones Doy [33, and E. Reference 4 gives rain attenuation in the various rain
zones for a system in which the satellite is located at the 90°W longitude. For that
scenario the trunking system availability criteria (,99999) could be satisfied with a
combination of diversity earth stations and adaptive compensation techniques.

As the satellite location moves outward toward the orbital extremes
(70°W and 140°W) the rain attenuation will increase appreciably as rain path length
increases with decreasing earth station elevation angles. Rain cell size is a
function of rain rate and for a constant rain rate the increased attenuation
introduced by decreasing elevation angles is not reflected by a proportional
increase in diversity gain, An important factor in establishing the demonstration
system technical design requirements, performance, and constraints is to establish
the worst case rain attenuation conditions and the attendant system margin
requirements to satisfy availability criteria. Technical limitations can then be
identified and alternative concepts developed that can optimize orbit utilization
and on-orbit capacity.

2.4.3 CPS CONSIDERATIONS

The same basic trunking coniderations identified in the preceeding
subsection apply to the CPS system. In the CPS case the number of scanning
beams required for an operational system is expected to be at least six.

The CPS system design consider ' additional adaptive rain attenuation
capabilities and dces not have the benefit of diversity gain because of cost
constraints. The adaptive control algorithms, monitor, and control must be
extended in the CPS design to incorporate the additional adaptive capabilities.

The effects of rain attenuativry as a function of rain rate, satellite
location, and earth station elevation angle are substantially more severe for CPS
relative to the trunking case because of the single site earth station implementa-
tions. Orbital utilization, on-orbit capacity constraints, and technical limitations
must be identified in the demonstration system CPS design. Further considerations
in this respect are hybrid design (FDMA/TDMA), customized uplink/downlink
transmission rates, and adaptive rates.
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CPS system capacity will be allocated between a large number of user
networks and a demand assigned pool. User network allocation and switching/
routing assignments are relatively fixed, changing only as users enter or leave the
systems or amend their capacity requirements. The on-board baseband processor
and the CPS network control subsystem should reflect the mix between fixed and
demand assigned requirements in its real time processing capabilities. As a
guideline 40% of the CPS traffic can be considered to be fixed assigned requiring
only a manual control capability to change assignments/routing, and the remaining
60% can be considered to be demand assigned requiring real time processing
capabilities.

2.4.4 MASTER CONTROL STATION (MCS)

For purposes of this review effort it is assumed that the Network
Control Center (NCC) is co-located with the Master Control Station. Reference 4
outlines in more detail, MCS and NCC functional requirements. Some of the key
functional requirements are:

o monitor/measure satellite position data - plan and execute
station keeping maneuvers to station keep the satellite
within to at least j-_.05° East/West ard i.OSD North/South.

) provide network synchronization
- perform ranging measurements via either turnaround

ranging in conjunction with 3 other trunking stations
or by loop back ranging at 3 trunking stations plus the
MCS using unique words.
- compute satellite ephemerides from the ranging data.
- transmit ephemeride data via OW channel(s) to net-
work earth stations for computation of their own
respective slant range and range rates.

0 monitor spacecraft health and control: reconfiguration of
on-board systems; trunking IF switch matrix mode configur-
ation; CPS on-board processor switching/routing control -
manual control for fixed assigned channels, dynamic control
(real time) for demand assigned channels.
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synchronization of TDMA burst assignments with trunking IF
switch, baseband processor, and scanning beam (CPS)
antenpa track.

redistribution of resources in accordance with traffic
loading requirements.

central control for adaptive rain response requirements
within the networks.

monitor/control of all network earth stations, particularly
unattended stations.
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3.0 REVIEW, COMMENTS, AND RECOMMENDATIONS
HUGHES/TRW BASELINE DESIGN CONZEPTS

3.1 INTRODUCTION

The Hughes/TRW Baseline Design concepts were developed in accor-
dance with the Task | requirements under their respective "Requirements Deter-
mination for the Demonstration of a 30/20 GHZ Communications System" contract.
Hughes/TRW contract SOW requirements are for a two flight demonstration
program encompassing three communications networks; trunking, CPS, and emer-
gency. The trunking and CPS networks are primary demonstration system
experiment requirements and the emergency communication network is a second-
ary experiment requirement.

To provide adequate development time for an on-board baseband
processing unit for the CPS network, initial pianning calls for the trunking and
emergency systems to be flown on Flight A (1986) and, trunking and CPS systems
to be flown on Flight B (1988). The emergency system on Flight A will have
limited CPS capabilities.

The trunking system to be flown is required to demonstrate both
SS-TDMA and FDMA transmission capabilities. The CPS system is required to
demonstrate TDMA and baseband switching/routing capabilities, and the emer-
gency system is required to demonstrate hybrid FDMA/TDMA capabilities. Section
2,0 describes the conceptual design requirements more fully.

In the development of the baseline system design concepts, the two
contractors were directed to limit the design to the NASA SOW and to program
office directions.
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3.2 TRW BASELINE SYSTEM DESIGN CONCEPTS OF POOR QUALITY

3.2.1 TRW Baseline Trunking Design Concepts

3.2.1.1 Summary of Trunking Design Concepts

The TRW baseline design concepts provide trunking capabilities on both
demonstration flights; SS-TDMA and FDMA on Flight A and S5-TDMA on Flight B.
The transmission rate in the SS-TDMA mode is 512 MBPS pe; transponder,
providing a total system capacity of 2.0 GBPS in the four transponder system. In
the FDMA mode each transponder is capable of handling two FDMA carriers, each
operating at a transmission rate of 274 MBPS.

The baseline system is designed for seven trunking beams directed at:
Cleveland, New York, Boston, Washington DC, Seattle, Los Angeles, and Tampa.
Since there are only four transponders, connectivity is restricted to the Cleveland
beam and any three of the remaining six beams. One transponder is dedicated to
Cleveland, and the remaining three are shared by NYC/Tampa, Wash. DC/Seattle,
and Boston/Los Angeles. An on-board TDMA IF switch provides beam connectivity
in the SS-TDMA mode, and an FDMA switch provides connectivity between beam
pairs in the FDMA mode.

The transponder power amplifiers are dual mode TWTA's that normally
operate in the low power mode (approximately 10W) in clear weather and in the
high power mode (75W) when precipitation is present at a trunking node. The
TWTA power is adaptively controlled. Impatt and GaASFET solid state amplifiers,
being developed under technology development contracts provide redundancy for
the TWTA's on a 3:2 basis. The output power of the solid state amplifiers is limited
to about 10 watts, therefore, the redundancy provided is limited to clear weather
conditions, i.e., the additional margin realized by TWTA operation in the high
power mode is not available. The power amplifiers are also shared with an ECS
carrier on Flight A and a CPS carrier on Flight B.

Two 4.0 meter antennpas are provided for CONUS coverage, one

providing earth coverage in the eastern half of CONUS and the second coverage in
the western half. The two antenna subsystem was selected to minimize off axis
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scan losses that would otherwise exist with a single antenna subsystem because of
the wide FOV.

The system performance design objectives are: system availability
.9999; BER = 10"6; and system operating margin of 20 db on the uplink and 10 db on
the downlink.

Rain response techniques employed to meet the systems availability
criteria are: use of diversity earth stations; adaptive downlink power control; and
adaptive FEC. These mechanisms are in addition to the normal operating margins.

The trunking frequency plan provides for frequency reuse only through
beam isolation because all trunking carriers are horizontally polarized.

The on-board TDMA and FDMA IF switches are controlled from the
Master Control Station. In the baseline systems a 6x6 TDMA switch matrix is
planned for Flight A and a 5x5 TDMA switch matrix on Flight B. With four
transponders a #4x4 switch matrix is required, the additional! ports available
providing redundancy.

The Network Control Center (NCC) is colocated with the Master
Control Station (MCS). The primary integrated facility functions are:

- spacecraft station keeping

- range measurements/processing

~- system (network) synchronization

- reallocation of system resources, TDMA switch reconfigura-
tion, and burst slot assignments (fixed and demand)

- monitor/control of spacecraft health

- monitor/control of network earth stations status and con-
figuration

- experiment scheduling, control, and data collection/
processing.

TRW plans for use of a Fleetsatcom spacecraft bus capable of shuttle
launch using a SUSS-A launch vehicle with Liquid Apogee Kick Motor (LAKM)



augmentation. The LAKM is used because of its restart capability and the neey for
a perigee burn, as well as an apogee burn, to lift the payload into the synchronous
orbit.

The spacecraft design life is two years (N/S station keeping) but it does
not provide eclipse operation.

The baseline trunking ground segment is designed with 12.0 meter
diversity earth stations at each node. The diversity earth stations are utilized
because of the stringent availability requirement for trunking. The diversity gain
realized will, in conjunction with other adaptive rain response capabilities,
contribute to the margin required to meet system availability criteria.

The demonstration system trunking earth stations will be equipped with
TDMA, FDMA, and diversity switching capabilities with user and diversity inter-

faces to T3-T4 rates.

3.2.1.2 Comments and Recommendations

Comments and recommendations on the TRW baseline trunking design
have been generated from review of the TRW baseline design report relative to the
requirements outlined in Section 2.0.

SYSTEM: The functional system design configuration, availability and BER objec-
tives, and the per channel transmission rates are compatible with projected
operational system requirements based on the results of earlier market demand
assessment studies. From an operational system point of view, TDMA has the
highest priority and a 512 MBPS burst rate is compatible with expected trunking
system requirements. The demonstration system design should clearly show that
the satellite trunking capacity can be scaled upward to as high as 10 GBPS
throughput and that the number of beams can be increased to the 18-20 range. In
this respect the TDMA switch to be implemented should be at least a 20x20
switching matrix to demonstrate the scalabilty and switching dynamics, i.e., switch
mode reconfiguration, switching speed, isolation, etc.
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System availability is considered a key performance parameter for
trunking applications. In the baseline design the use of diversity earth statiuns,
adaptive rain response techniques, and normal operating margin were identified as
the system design approaches to be used to achieve the required availability. The
primary concern in the link budget analysis given was to achieve the operating
margin requirements, 20 db uplink/10 db downlink, specified rain attenuation tables
are given in Reference 4 for each CONUS rain zone. The tables give margin
requirements to satisfy the link availabilities specified. Comparing the Reference
4 tables with the TRW trunk link budget it is seen that the .9999 link availability is
satisfied, at the satellite position chosen, with the margins provided in the analysis
plus addition of FEC margin and diversity gain. Moreover, availability can be
achieved with diversity gain only assuming it behaves as expected, i.e., diversity
gain increases on a db for db basis with single site rain attenuation.

Further analysis is required to establish the adequacy of the total
available system margin to satisfy the availability requirement as the satellite on-
orbit position is moved toward the orbital extremes. For a given rain rate at a
trunking node the diversity gain can be expected to be essentially constant with
.decreasing earth station antenna elevation angles the rain path length increases
and hence rain attenuation will increase. The question of the adequacy of system
margin as a function of satellite station location should be addressed. Orbital arc
constraints will limit on-orbit capacity or will require additional technology tc
resolve.

A consideration in specifying the satellite G/T is that the low noise
receiver noise figure is specified to be 5.3 db. The specified noise figure is based
on the technology available in the 1986 time frame. In optimizing system
performance, and in view of the system margin requirements, another look at the
LNA noise figure may be beneficial in that some G/T improvement may be realized
if a lower noise temperature can be achieved, with new technology, so that other

systein noise sources are the limiting factors.

Further attention should also be given to shared use of the trunking
transponders with ECS and CPS carriers. The ECS and CPS carriers are not
homogenous with the trunking carriers and intermodulation effects on the smaller
carriers at the back-off leve! identified, 4.7 db, may be more severe than
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anticipated requiring additional back-off of the trunking PAs. This in turn will
reduce the available margin.

In general, the ability of the baseline system to meet system perfor-
mance and availability requirements has not been clearly shown.

ANTENNA SUBSYSTEM/BEAM CHARACTERISTICS: The antennas have been
identified as a critical technology because of the stringent design requirements

imposed on supporting structures and the attendant influence on antenna perform-
ance (i.e., surface tolerance, gain, efficiency, etc.). In view of the availability
requirements the design of the larger antennas should become a demonstration
system requirement.

The design of the baseline antenna subsystem should also consider:

- the need for one steerable trunking beam to provide for
measurement of interbeam interference characteristics and
cross polarization isolation. .

- implementation of dual orthogonal feed system to maximize
frequency reuse and provide for cross polarization measure-
ments.

- the antenna subsystem scalability to increase the number of

beams to 18 or more in an operational system.

TRUNKING EARTH STATIONS: The size of the trunking earth stations in the
baseline design concept is 12.0 meter. An analysis of system availability was given

in Reference 4, considering earth station antenna size, margin requirements in
each CONUS rain zone as a function oi availability, and various adaptive rain
response techniques in addition to diversity earth station gain. That analysis
indicated that regardless of the earth station size (5.0M, 7.0M, and 12.0M were
examined) a .9999 link availability could not be atiained in all rain zones without
benefit of diversity gain. Assuming diversity gain behaves as expected (1.0 db
additional diversity gain per each db added single site attenuation) above a single
site attenuation on the order of 18.0 db, then the .9999 availability could be
satisfied by all of the antenna sizes. The only advantage of the 12.0M antenna
versus the 5.0M is some additional clear weather margin equal to the differences




between the gain of the antennas. The disadvantage of the 12.0M antenna is that
its cost, implemented, is substantially higher than a 5.0M or 7.0M antenpa. With
two antennas implemented in a diversity configuration at each trunking node, cost
savings with use of the 5.0M and 7.0M antennas are significant. Western Union
recommends that the largest antenna size be no larger than 7.0-7.5 meters.

3.2.2 TRW Baseline Emergency Communication System (ECS)
Design Concepts

3.2.2.1 Summaeary of ECS Design Concepts

The Emergency Communication System is a cecondary demonstration
system experiment that would be implemented on Flight "A" only. The primary
objective of the ECS is to demonstrate the applicability of the "Ka" band in
establishing communications links to a disaster area using small rapidly deployable
earth stations. The ECS provides limited CPS and technology experimental
capabilities with implementation of low rate (6.3 MBPS) TDMA channels, variable
power dividers, and phase shifters where the latter two are applicable to CPS
scanning beam control.

The ECS is designed to operate with three earth station sizes; 2.0M,
3.5M, and the 12.0M trunking earth stations proposed by TRW (note Western Union
previous recommendation that trunking earth station size be limited to 7.0-7.5M).
The 2.0M and 3.5M earth stations are deployable within a disaster area to establish
emergency communications.

Five operating modes are provided:

- Analog bypass mode with filtering and AGC

- One 1.5 MBPS and 7-32 KBPS SCPC (FDMA) channels with
on-board demodulation/remodulation.

- One 1.5 MBPS and 7-32 KBPS SCPC (FDMA) channels with
on-board demodulation, FEC decoding, and remodulation.

- 6.3 MBPS channel with on-board demodulation/remodula-
tion.
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- 6.3 MBPS channel with on<board demodulation, FEC de-
coding, and remodulation.

The basic uplink transmission capability of the 2.0M earth stations is
one 32 KBPS channel using a 2 watt power amplifier. The 3.5M earth statlons can
transmit up to a 6.3 MDPS composite transmission rate comprised of a combination
of one 1.5 MBPS channel with rate 1/2 coding (3.0 MBPS transmission rate) and
multiple 32 KRPS channels. The trunking earth station uplinks operate at 6.3 MBPS
in a TDMA mode. The downlinks to earth statlons in the ECS beam (1.5) are 6.3
MBPS TDM channels and to the trunking spot beams 6.3 MBPS TDMA channels.
The performance objective of the ECS is a BER 1076,

The uplink 1.5 MBPS and 32 KBPS SCPC channels are demultiplexed in
an analog demultiplexer and demodulated. The baseband digital bit streams are
multiplexed into a 6.3 MBPS bit stream in accordance with their respective
addressed destinations. The muitipiexed 6.3 MBPS bit streams are routed through
an $S-TDMA switch to their respective downlink channels.

The ECS provides full interconnectivity between the 1.5° amergency
beam and the three active trunking beams. There are two 1.5° emergency beams
that utilize the two 4#.0M satellite antennas to provide east CONUS and west
CONUS coverage. East and west CONUS coverage cannot be provided simultane-
ously. The 1.5% vertically polarized emergency beams are formed by steerable 19
horn feed clusters that are capable of forming reduced beams widths of .9° and .3°,
depending on how many and which feed horns are excited. The emergency beam
positions in CONUS are steerable by a mechanical x-y positioner controlled from
the MCS.

The nominal operating margins provided for the 2.0M system operating
at 32 KBPS uplink and 6.3 MBPS downlink are 15.0 db and 6.0 db, respectively.
Margins provided for the 3.5M system operating at 6.3 MBPS uplink and downlink
are 17.0 db and 10.0 db, cespectively, The ECS availability Is not identified, but
bacause of the lack of adaptive raln response capabilities it Is expected to be
samewhat less than .999.
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Control of the ECS is centralized in the MCS to minimize on-board and
earth station processing requirements.

3.2.2.2 Comments and Recommendations

The objective of the ECS is not oriented toward its applicability in a
commercial carriet environment, but to access its potential as a rapidly deployable
system to establish emergency communications capabilities within a disaster area.
The ECS design concept developed by TRW has application in this respect but with
important limitations.

A premise of the ECS is that rapidly deployable earth stations would be
moved into a disaster area to establish a communication capability to national or
state disaster control centers, as the case may be. An obvious limitation is that
there are 50 states in addition to a national headquarters, and a concept providing
connectivity between a disaster area and any one of the possible 5! control centers
using trunking system fixed beams is impractical. A more viable approach might
be implementation of multiple steerable beams or connectivity via scanning CPS
beams. Restriction of ECS coverage to CONUS has political implications that
would also have to be addressed.

The operating margin provided in the ECS and the absence of adaptive
rain response capabilities limit the availability achievable to somewhat less than
.999, restricting the systems use and capabilities under rain conditions, particularly
in rain zones D, D3, and E.

In the TRW design concept, the ECS would share trunking channel
TWTA's with TDMA or FDMA carriers. The ECS carrier is substantially smaller
than either the TDMA or FDMA carriers and can potentially suffer severe
intermodulation interference effects because of the non-homogenious carrier sizes.

A more detailed analysis of intermodulation interference is necessary.
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3.2.3 TRW Baseline Customer Premises Services (CPS)
Design Concepts

3.2.3.1 Summary of CPS Design Concepts

Implementation of CPS capabilities in the 30/20 GHZ demonstration
system is planned for Flight "B" because of the need to develop the baseband
processor technology to be flown. The CPS system design concept provides
connectivity between users accessing the network through CPS and trunking earth
stations with cross connectivity between the trunking and CPS system implemented
on-board the satellite. Cross connectivity is accomplished by interfacing the on-
beoard CPS communication subsystem to input/output ports of the on-board trunking
SS-TDMA IF switch. Individual user connectivity is accomplished in the CPS
baseband processor at the 64 KBPS channel level.

User interface rates to the CPS system extends from 64 KBPS to 6.3
MBPS (T-2), with the average rate nominally at 1.544 MBPS (T-1). The baseline
CPS system operates in an FDM/TDMA mode on the uplink and TDMA mode on the
downlink for users accessing the network through CPS earth stations. For users
accessing the network through trunking earth stations operation is in a $S-TDMA
mode on both the uplink and downlink. Satellite access is through the fixed spot
beams for the trunking earth stations and through independent east and west
scanning beams for CPS earth stations. There are voids in the CONUS coverage
through the central states and South Florida. TRW asserts that coverage required
in those areas could be prcvided by fixed spot beams.

The total transmission capacity of the baseline CPS system is 768 MBPS
divided between the trunking beam(s) accesses and accesses through the east and
west CPS scanning beams, i.e., 256 MBPS uplink/downlink capability via the
trunking beams and each of the two CPS scanning beams.

CPS earth stations can access the satellite via five uplink channels,
four of which transmit at a 32 MBPS burst rate and one at a 128 MBPS burst rate.
A CPS earth station may be equipped to operate over multiple uplink channels
depending on its specific traffic requirement. The downlink burst rate to all CPS
earth stacions is 256 MBPS. '

= S sS




¢

CPS traffic originating at trunking stations is embedded within the 500
MBPS trunking TDMA channel(s). Interconnectivity to the CPS communication
subsystem on-board the satellite is provided at an output port of the SS-TDMA IF
switch. The aggregate uplink CPS capacity from all trunking stations is 256 MBPS.
Similarly, traffic originating at CPS earth stations with trunking earth station
destinations is cross connected between the two systems at an input port of the on-
board SS-TDMA switch, The aggregate downlink capacity to all trunking stations
is 256 MBPS.

The performance objectives of the CPS system are to achieve a system

availability of .999 at a BER 1075,

CONUS coverage for the baseline CPS system is provided by two
scanning beams, one of which provides coverage of the eastern half of CONUS and
the second the western half of CONUS. The beams are independent of each other
and cover their respective footprint areas via esight tracks that are sesquentially
scanned in an east-west direction. The CPS scanning antenna system uses the two
4.0M reflectors in conjunction with a feed system employing 30 pill boxes for
transmit and 20 pill boxes for receive. Beam scanning is accomplished by
programmed control of the relative phase and power of each array element (pill
box).

Beam control and scan setting times are projected to be less than 500
nanoseconds and 1.5 microseconds, respectively. Beam dwell time at each
programmed beam location is adaptable to the traffic capacity and propagation
conditions that exist. Traffic smoothing between scanning tracks is also accomp-
lished by virtue of the adaptable dwell time.

Scanning losses are a concern. Scanning losses on boresight along the
beam tracks is on the order of .3 to .4 db, however, scanning losses between two
tracks can range from 3.5 to 6.0 db.

Frequency reuse is provided by beam separation and orthogonal polar-
ization. The east and west beams are independent and spatially separated. The
scanning beams are vertically polarized and hence, are orthogonal to the horizont-
ally polarized trunking beam.
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The CPS baseband prucessor is the heart of the CPS system. The
processor design Is based on TRW's proposed design for the POC model. The
baseline processor has three sections, each section capable of accommodating up to
five FDM/TDMA carriers and providing user connectivity on an individual channel
basis. Internal processing includes demultiplexing the FDM carriers, demodulation,
decoding, routing, encoding, remodulation, and TDMA burst capabilities. FEC
decoding and encoding is adaptively controlled and are independent.

The processor design is oriented toward implementation with LSI
wherever possible. The technology drivers in the processor design are micro-
electronic chips to perform high speed demodulation, decoding, and switching
processes.

The power amplifier in each of the CPS downlink channels is a 75W
TWTA that is continuously operated at full power, consequently, adaptive downlink
power control is not provided in the conceptual CRS system design.

Adaptive rain response capabilities in the conceptual CPS system design
include: independent R/2 FEC on the uplink and downlink, uplink power control, and
bit rate reduction. In the latter case the information rate of the 32 MBPS channels
is reduced to 16 MBPS to provide for the %R encoding. The 128 MBPS channe} does
not have an FEC coding capability, Earth stations with 128 MBPS channel transmit
at an information rate of 16 MBPS on a separate channel. The information bit rate
of the 128 MBPS channel is therefore reduced by a factor of eight.

The normal clear weather operating margins provided in the CPS
conceptual design are: 4.7 db uplink in the 128 MBPS channel; 6.7 db uplink in the
32 MBPS channels; and 5.3 db in the 256 MBPS downlink channels.

The CPS earth stations are 3.5M systems with step tracked antenna
subsystems. The earth stations are non-redundant and can be equipped with both
32 MBPS and 128 MBPS uplink capabilities. The upconverter and downconverter
are agile to provide the capability to be switched to any of the five assigned uplink
carrier frequencies depending on specific requirements. System synchronization,
burst timing, and precision ephemeride data for each earth staticin are provided by
the Master Control Station via the order wire channel.
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The network control concept for the CPS network is a highly central-
ized architecture in which virtually all of the processing is performed at the
Master Control Station (MCS). The MCS provides:

- satellite CPS scanning patterns control

- baseband processor routing control

- CPS earth station parameters monitoring and control

- ranging measurements In conjunction with other trunking
earth stations

- precision ephemeride computations

- network synchronization and burst timing

- satellite orbit determination and control.

Programming and control of the CPS scanning beams is a function of
traffic density at each beam dwell location, load leveling requirements between
beam tracks, and propagation conditions and adaptive rain response functions
initiated at specific dwell locations.

The MCS controls application of the various rain response functions
based on data collected from network earth stations and the satellite. The rain
response functions controlled are: uplink power, uplink FEC, downlink FEC, and
information rate reduction. In the case of the 128 MBPS uplink channels, the MCS
will switch the uplink channel to a 32 MBPS FEC encoded channel with an
information data rate of 16 MBPS at CPS earth station where rain is present on the
transmission path. Depending on prevailing rain conditions one or more of the
adaptive rain response capabilities can be enabled concurrently.

Baseband processor routing control is a function of traffic activity and
call set up and termination requests received from each CPS earth station.
Extensive processing capacity is required because all baseband processor channels
are controlled on a real time basis on demand.

TDMA synchronization and timing functions are distributed between the
satellite, MCS, and CPS earth stations. The satellite master oscillator is used as
the system time reference and as a frequency source for all downlink carriers and
data clocks. All earth station oscillators are phase locked to the satellite MO.
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Frame start is established at each terminal by a combination of carrier, data clock
tracking, and a downlink timing epoch signal consisting of one bit per TDMA burst,

The MCS measures the satellite range in conjunction with 2 to 3
trunking stations and computes the satellite position and velocity (ephemerides) to
a high level of precision. Range measurements are continuous and the frequency of
ephemeride computations is high. The ephemeride data together with burst timing
is transmitted to all CPS earth stations via the OW channel. The CPS terminals
compute their own range and range rate and correct their burst timing on a
continuous basis. The objective in making continuous range measurements,
precision ephemeride computations, and continuous CPS burst timing corrections is
to achieve a CPS burst arrival accuracy at the satellite of +2 nanoseconds,
eliminating the need for unique word detectors and synchronization buffers on-
board the satellite and optimizing TDMA frame efficiency.

The status of all network earth stations and the spacecraft are
monijtored at the MCS and In the event of a fault appropriate commands are
initiated via the network OW channels.

In addition to the functions identified the MCS also performs satellite
orbit determination and station keeping functions, monitors and control trunking
network functions, and pérforms other operational, experiment, and mission related
functions.

New technology required for implementation of the MCS includes:
development of systems timing technique; baseband processor control; scanning

beam control and calibration; and earth station network control.

3.2.3.2 Comments and Recommendations

Comments and recommendations on the TRW baselijie CPS design
concepts, reviewed relative to the NASA specified requirements and other con-
siderations outlined in Section 2.0, are given in the following.

SYSTEM: The functional system design configuration, availability and BER objec-
tives stated, and the transmission data rates are compatible with the NASA SOW
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requirements outlined in Section 2,0. From an operational system point of view
TDMA has the highest priority in terms of transmission mode desirability. A basic
premise of the CPS concept is that the earth stations are low cost systems,
precluding consideration of diversity earth stations for availability purposes. With
consideration given to the adaptive rain response capabilities in the baseline CPS
design that include: independent uplink and downlink FEC; uplink power; and
reduction of the information rate to 16 MBPS; the system avallability requirement
(.999) at a BER 1078 cannot be met in all rain zones. The CPS availability
problem was considered in Reference 4. Comparing the Reference 4 margin
requirements for a .999 availability to the TRW link analysis, the uplink availability
in rain zones D3/E and the downlink availability in rain zone E cannot be satisfied,
however, an availability exceeding .995 is achieved. Further impact on achieving
availability will be introduced as the satellite on-orbit station is moved toward the
orbital extremes Increasing the rain path length and rain attenuation. Further
analysis and additional design alternatives are necessary to resolve the availability
problem.

The CPS baseline design concept did not provide adaptive FEC in the
128 MBPS uplink channels. The 128 MBPS transmission rate was reduced to 16
MBPS information rate plus %2 R/FEC by switching to one of the 32 MBPS carriers
with its FEC enabled, It appears that traffic originally carried on the 32 MBPS
carrier and all but 16.0 MBPS of the traffic on the 128 MBPS carrier is dropped.
The apparent traffic reduction is severe and an availability problem persists in rain
zone "E", Alternative design concepts should be identified to achieve the CPS
availability criteria with minimum reductions in information rates. These could
include: customized SCPC carrier sizes and increased antenna sizes in rain zone
"E"s variable rate TDMA techniques, etc.

A comparative assessment of complexity and cost between trunking
CPS cross connectivity on-board the satellite and at individual trunking stations is
desirable. Since there will be a limited number of trunking stations, implementa-
tion at the trunking stations may be economically a more viable approach.

ANTENNA SUBSYSTEM: Two CPS scanning beam antennas, previously described,
are incorporated in the baseline CPS design concept; one scanning beam providing
east CONUS coverage and the second providing west CONUS coverage. The
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polarization of the scanning beams are orhogonal to the trunking begms to provide
for a limited demonstration of frequency reuse. Considering the number of
scanning beams and trunking beams necessary for an operational satellite with 4.0
Gbps trunking and 4.0 Gbps CPS capacity, a more rigorous demonstratiori of
frequency reuse factors achievable is necessary to demonstrate scalability of the
baseline concepts to operational system capabilities.

A fundamental requirement of the demonstration system is to demon-
strate not only scalability but also operat!unal system dynamics.

Scanning beam losses are also a concern, particularly at the crossover
betwegn tracks. High scanning losses compound an already difficult avatlability
problem and must be reflected in the link analysis in considering adaptive rain
response requirements under worst case design cenditions.

MASTER CONTROL STATION: The generai fuinctioncl capabilities of the MCS
were previously outlined. The MCS functions of primary interest relative to the

CPS system are the network control and system synchronization/timing functions.

The network control capabilities in the TRW baseline design are
extensive requiring very large real time processing capabilities. The network
control design provides a capability to individually route up to 60,000 - 64 KBPS
channels between beams on a real time demand basis. This is substantially more
capability than necessary for an operational system environment. The CPS
network is comprised of a large number of individual user networks . nd a pool of
demand assigned channels. The user networks are expected to be fixed assigned or
wired connections requiring assignment or raassignment only when a user enters or
leaves the CPS system. This kind of channel assignment does not require a real
time capability but can be accomplished manually at a control terminal. It 1s
expected that the complexity and cost of the network control center can be
reduced by considering the split between manually assigned and real time demand
assigned requirements. A reasonable estimate is that 40% of the channels can be
manually assigned and 60% demand assigned.

The TRW baseline design concept for system synchronization and timing
was also well conceived. The objective was to minimize earth station cost,




eliminate some on-board processing (UW detection/buffering) to establish uplink
synchronizations, and to enhance TDMA frams efficiency. The synchronization and
timing approach is certainly a desirable one in a fully matured operational CPS
system with several thousands of eartih svarions. For the demonstration system,
with a limited number of CPS earth stations, the processing requirements and
accuracy can be relaxed to reduce MCS costs. Substantially larger guard times are
tolerable and the frequency of ephemeride updates to the CPS terminals can be
reduced. The demonstration system must, however, be scalable to a fully
implemented CPS system and the ability to achieve improved synchronizations and
timing accuracies should be demonstrated. From a capital investment point of
view it is desirable to minimize initial investment cost and gracefully grow the
system as the network matures so that further capital investments are made on an
incremental basis only when needed.

3.3 HUGHES BASELINE SYSTEM DESIGN CONCEPTS
3.3 Hughes Baseline Trunking Design Concepts
3.3.1.1 Summary of Trunking Design Concepts

The Hughes baseline design concepts provide trunking capabilities on
both demonstration flights; SS-TDMA and FDMA on Flight A and $S-TDMA on
Flight B. The transmission rate in the SS-TDMA mode is 500 MBPS per
transponder, providing a total system capacity of 2.0 GBPS in the four transponder
system. In the FDMA mode each transponder is capable of handling two FDMA
carriers, each operating at a transmission rate of 274 MBPS.

The baseline system is designed for seven trunking beams directed at:
Cleveland, New York, Boston, Washington DC, Seattle, Los Angeles, and Tampa.
Since there are only four transponders connectivity is restricted to the Cleveland
beam and any three of the remaining six beams. One transponder is dedicated to
Cleveland, and the remaining three are shared by NYC/Tampa, Washington
DC/Seattle, and Boston/Los Angeles. An on-board TDMA IF switch provides beam
connectivity in the SS-TDMA mode, and and FDMA switch provides connectivity
between beam pairs in the FDMA mode.
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The transponder power ampliflers are dual mode TWTA's that normally
operate in the low power mode (15W) in clear weather and In the high power mode
(75W) when precipitation is present at a trunking node. The TWTA power ls
adaptively controlled. Impatt and GaASFET solld state amplifiers, belng developed
under the technology development contracts provide redundancy for the TWTA's on
a 32 basis. The output power of the solid state amplifiers is limited to about 10
watts, therefore, the redundancy provided is limited to clear weather conditions,
l.e., the additional margin realized by TWTA operation in the high power mode s
not available.

A single 4.1 meter (13.5 ft) antenna is provided for CONUS coverage.
The half power beam width of each beam is 0.3°, Scan loss and total antenna
losses are significant, 4.0 db and 6.3 db, respectively, at 27.5 GHz.

The system performance design objectives are: system availability
.9999; BER 10"6; and system operating margins. of 20 db on the uplink and 10 db
on the downlink.

Rain response techniques employed to meet the system availabillty
criteria are: use of dlversity earth stations; adaptive downlink power control;
adaptive uplink power control; and adaptive FEC. The raln response mechanisms
ave In addition to the normal operating margins.

The trunking frequency plan provides for demonstration of frequency
reuse by beam isolation and orthogonal polarization. The New York beam s
vertically polarized and the remaining six beams horizontally polarized.

The on-board TDMA and FDMA IF switches are controlled from the
Master Control Station. A 6x6 TDMA |7 switch is planned for both demonstration

flights in the baseline concept.

The Network Control Facility Is colocated with the Master Control
Statlon (MCS). The primary integrated facility functions are:

- network control
- spacecraft control
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- procassor control
- TT&C
- service

The Network Control allocates channel assighments to teunking and
CPS earth statlons on a demand basis and as a function of traffic loading with
time,

System synchronization and timing funetions are sharad by the MCS and
the spacecraft. The local oscillator frequencies at all eacth statlons are phase
locked to the spacecraft master oscillator (MQ).  The long term drift of the
spacecraft master osclllator is monitored at the MCS from which commands are
periodically genarated to update the MQ.  The spacecraft alsd generates a
preamble for frame start synchronization at all earth stations.

The MTS measures satellite range and range rate In conjunction with
two other trunking statlons.  Using the measured data a prediction of the
spacecralt ephemeris Is computed.  The predicted ephemeris and eacth station
location data are used to calculate the slant range and range rate for cach eacth
station.  Finally burst timing assignments are computed and transmitted to all
aarth stations via the QW ehannel. The trunking and CPS earth statlons maintalin
their relative burst timing assighments by linear extrapolation of prior data
batween updates from the MCS.

Hughes plans for use of a Leasat spacecraft bus capable of shuttle
launeh using a SUSS-A lavneh vehicle.

The trunking earth stations in the baseline system design are laM
space diversity systems using either D33 or D84 diversity switches and intercon-
nectad by either a terrastelal microwave or fibre optic Hink. Diversity spacing is on
the order of 16-32 KM (10-20 miles). The earth stations are equipped for TDOMA
and FDMA operation at 500 MBPS and 274 MDPS, respactively, At Cleveland and
New York two FDMA channels are planned.  The diversity tarth statlons are
utilized begause of the steingent avallability requirement for trunking, The
diversity gain reallzed willi In conjunction with other adaptive rain response
capabilitias, contribute to the margin required t© meet system availability critecia.
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1.3.1.2 Comments and Recommendations

Comments and recommendations on the Hughes baseline trunking design
congepts have been generated from review of the Hughes baseline design report
relative to the requirements outlined in Section 2.0, The results are essentially the
same as the comments and recommendations given relative to the TRW baseline
design concepts. For completeness they are repeated in the following as they apply
to the Hughes baseline design concepts.

SYSTEM: The functional system design configuration, availability and BER objec-
tives, and the per channel transmission rates are compatible with projected
operational system requirements based on the results of earlier market demand
assessment studies.

From an operational system point of view, TDMA has the highest
priority and a 300 MBPS burst rate is compatible with expected trunking system
requirements.  The demonstration system design should clearly show that the
satellite trunking capacity can be scaled upward to as high as 10 GBPS throughput
and that the number of beams can be increased to the 18-20 range. In this respect
the TDMA switch to be implemented should be at least a 20x20 switching matrix to
demonstrate the scalability and switching dynamics, l.e., switch mode reconfigura-
tion, switching speed, isolation, etc.

System availability s considered a key performance parameter for
teunking applications. In the baseline design the use of diversity earth stations,
adaptive raln response techniques, and normal aperating margin were identified as
the system design aparoaches to be used to achieve the required availability. In
the teunk link budget, a fair amount of operating maintenance margin was built
into the design E/N o' The uplink and downlink power are both operating in the high
power mode to compensate for the 20 db uplink and 10 db downlink rain
attenuations identifled, Rain attenuation tables are given in Reference 4 for each
CONUS rain zone. The tables give margin requirements to satisfy the link
avallabilities specified. Comparing the Reference # tables with the Hughes Trunk
Link Budget it is seen that the 9999 link availability Is satisfled with the margins
provided In the analysis plus addition of FEC margin and diversity gain. Moreover,
avallability ean be achieved with diversity gain only assuming 1t behaves as
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expected, i.e., diversity gain increases on a db for db basis with single site
attentuation above 18 db.

The Hughes conceptual design utilizes 12.0M antennas for the diversity
trunking earth stations. The analysis given in Reference 4 shows that trunking
availability can be satisfied with an antenna size as small as 5.0M. Western Union
recornmends that trunking antenna size be limited to 7-7.5 meters which will
provide substantial cost savings relative to 12.0M antennas and still satisfy
availability objectives.

An additional consideration with respect to availability is the orbital
position of the satellite. Rain attenuation increases appreciably as the earth
station elevation angle decreases. Further analysis is necessary to determine
whether there are orbital position constraints imposed as a consequence of the
increased attenuation levels relative to total available margin as a function of the
satellite position. In this case assuming a constant rain rate the diversity gain
achievable is fixed and the increased attenuation resulting from the increased rain
path lengths at the lower elevation angles will tend to use up, and coul¢ exceed,
the available margin.

A consideration in specifying the satellite G/T is that the low noise
receiver noise figure is specified to be 5.3 db. The specified noise figure is based on
the technology available in the 1986 time frame. In optimizing system
performance, and in view of system margin requirements, another look at the LNA
noise figure may be beneficial in that some G/T improvement may be realized if a
lower noise temperature can be achieved with new technology, so that other

system noise sources are the limiting factors.

Further analysis is necessary for the multi-carrier transponder opera-
tion (TDMA-FDMA - ECS/CPS). While on a power basis it may be possible to
operate in a multi-carrier mode, a detailed intermodulation analysis may preclude

such operation, particularly since the carriers are non-homogenous.

ANTENNA SUBSYSTEM/BEAM CHARACTERISTICS: The antennas have been
identified as a critical technology because of the stringent design requirements

imposed on supporting structures and the attendant influence on antenna perfor

3-21

1
|
1
!
f
i
|
i
|
k
i




=N
3

mance (surface tolerance, gain, efficiency, etc.). In view of the availability
requirements the design of the larger antennas should become a demonstration
system requirements.

The design of the baseline antenna subsystem should also consider:

- the need for one steerable trunking beam to provide for
measurement of interbeam interference characteristics and
cross polarization isolation.

- antenna subsystem scalability to increase the number of
beams to 18 or more In an operational system.

SYSTEM SYNCHRONIZATION AND TIMING: The Hughes' synchronization and
timing approach represents a well conceived open loop system in which various
functions are distributed between the spacecraft and the MCS. The MCS functions

include computation of range, range rate, and burst timing for all network earth
stations, No indication is given relative to consideration of tradeoffs (cost,
complexity) between performing the functions locally based on MCS ephemeris
estimates. To establish the minimum cost approach a trade-off analysis should be
developed.

In the demonstration system synchronizatior and timing accuracies can
be relaxed because of the limited number of earth stations. The key criteria is
that the system demonstrate scalability to a fully implemented operational system
and appropriate system dynamics. Potential demonstration system cost savings
that can be realized by relaxing accuracies, providing the other criteria are
satisfied, should be assessed.

TRUNKING EARTH STATIONS: The size oi the trunking earth stations in the
baseline design concept is 12.0M. An analysis of system availability was given in

Reference #%, considering earth station antenna size, margin requirements in each
CONUS rain zone as a function of availability, and various adaptive rain response
techniques in addition to diversity earth station gain. That analysis indicated that
regardless of the earth station size (5.0M, 7.0M, and 12.0M were examined) a .9999
link availability could not be attained in all rain zones without benefit of diversity
gain. Assuming diversity gain behaves as expected (1.0 db additional diversity gain
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per db added single site attenuation) above a single site attenuation on the order of
18.0 db, then the .9999 availability couid be satisfied by all of the antenna sizes,
The only advantage of the 12.0M antenna versus the 5.0M is some additional clear
weather margin equal to the differences between the gain of the antennas. The
disadvantage of the 12.0M antenna is that its cost, implemented, is substantially
higher than a 5.0M or 7.0M antenna. With two antennas implemented in a diversity
configuration at each trunking node, cost savings with use of the 5.0M and 7,0M
antennas are significant. Western Union recommends that the largest antenna size
be no larger than 7.0-7.5 meters.

3.3.2 Hughes Baseline Emergency Communication System (ECS) Design

Concept

3.3.2,1 Summary of ECS Design Concept

The Emergency Communication System is a secondary demonstration
system experiment that would be implemented on Flight "A" only. The primary
objective of the ECS is to demonstrate the applicability of the "Ka" band in
establishing communications links to a disaster area using small rapidly deployable
earth stations. The ECS provides limited CPS experimental capabilities with
implementation of low rate (6.3 MBPS) TDMA channels and a steerable antenna.

The base ECS systemn provides for 6.3 MBPS channels, one in each of
three trunking spot beams and one in the steerable 1.5° beam. Uplink transmission
rates are 6.3 MBPS, or 1.5 MBPS and/or up to 7-35 KBPS channels operating in
SCPC and SCPC-TDM modes. All downlinks are 6.3 MBPS TDMA.

The uplink channels are demodulated, routed to the appropriate TDMA
multiplexer and remodulated for transmission downlink. Downlink transmissions
are via three of the trunking spot beams and the steerable 1.5° beam that can be

positioned to cover an emergency or disaster area anywhere within CONUS.

The 2.0M ECS earth stations are designed to be rapidly deployable to an
emergency area. The performance objective of the ECS channels are BER 10'6.
The nominal operating margins provided on the uplink and downlink including

adaptively controlled downlink power is inadequate to satisfy a .999 availability
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objective in all CONUS rain zones, however, for the demonstration system,
operation is not essential during periods of heavy rains.

Control of the ECS is centralized in the MCS to minimize on-board and
earth station processing requirements.

3.3.2.2 Comments and Recommendations

The objective of the ECS is not oriented toward its applicability in a
commercial carrier environment, but to assess its potential as a rapidly deployable
system to establish emergency communications capabilities within a disaster area.
The Hughes ECS design concept has application in this respect, but with limita-
tions. The same comments made relative to the TRW concept apply to the Hughes
concept and they are repeated in the following for completeness.

A premise of the ECS is that rapidly deployabie earth stations would be
moved into a disaster area to establish a communication capability to national or
state disaster control centers, as the case may be. An obvious limitation is that
there are 350 states in addition to a national headquarters, and a concept to
providing connectivity between a disaster area and any one of tie possible 51
control centers using trunking system fixed beams is impractible. A more viable
approach might be implementation of multiple steerale beams or connectivity via
scanning CPS beams. Restriction of ECS coverage to CONUS has political
implications that would also have to be addressed.

The operating margin provided in the ECS and the absence of adaptive
rain response capabilities limit the availability achievable to somewhat less than
.999, restricting the systems use and capabilities under rain conditions, particularly
in rain zones D,y Dy, and E.

In the Hughes design concept the ECS would share trunking channe!l
TWTA's with TDMA and FDMA carriers. The ECS carrier is substantially smaller
than either the TDMA or FDMA carriers and can potentially suffer severe
intermodulation interference effects because of the non-homogenous carrier sizes.
A more detailed analysis of intermod interference is necessary.
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3.3.3 Hughes Baseline Customer Premises Services (CPS) Design Concepts

3.3.3.1 Summary of CPS Design Concepts

Implementation of CPS capabilities in the 30/20 GHz demonstration
system is planned for Flight "B" because of the need to develop the baseband
processor technology to be flown. The CPS system design concept provides
connectivity between users accessing the network through CPS and trunking earth
stations with cross connectivity between the trunking and CPS systems imple-
mented on-board the satellite. Cross connectivity is accomplished by interfacing
the on-board CPS communication subsystem to input/output ports of the on-board
trunking SS-TDMA IF switch. Individual user connectivity is accomplished in the
CPS baseband processor at the 64 KBPS channel level.

User interface rates to the CPS system extend from 64 KBPS to 6.3
MBPS. The baseline CPS system operates in an FDM/TDMA mode on the uplink
and TDMA mode on the downlink for users accessing the network through CPS
earth stations. Each CPS scanning beam has a transmission capacity of 250 MBPS
on the uplink and downlink. The uplink capacity is divided between six TDMA
carriers; five operating at 25 MBPS burst rates and the sixth at a 125 MBPS burst
rate. The downlink is a single carrier operating at a 250 MBPS burst rate.

CPS users can also access the CPS system through the trunking beams
via either the trunking earth stations or CPS earth stations within the trunking spot
beams. The uplink and downlink channel sizes and capacity for accessing via CPS
earth stations is the same as for CPS earth stations accessing through the CPS
scanning beam; five 25 MBPS and one 125 MBPS TDMA channels upiink and one 250
MBPS channel downlink. CPS users accessing the network through trunking
stations operate within the trunking SS-TDMA network. User data is uplinked and
downlinked at a 500 MBPS burst rate. Interface to the CPS system is at the on-
board TDMA switch.

The total transmission capacity of the baseline CPS system is 750

MBPS; 500 MBPS through the trunking beams and 250 MBPS through the single CPS
scanning beam to be implemented.
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Hughes proposes six scanning beams for an operational system with a
total transmission capacity of 1.5 GBPS plus 500 MBPS for trunkirg beam accesses.

The performance objectives for the CPS system are t» achieve a system

availability of .999 at a BER 1078,

CONUS coverage for the baseline CPS system is provided by six
scanning beams each of which scan a designated region within CONUS. The beams
are independent of each other and individual beam scanning is accomplished by
programmed control of the relative phase and power exciting the array feed horns.
The beam dwell time is determined by the traffic capacity at each scan position
within the respective regions. In the demonstration system a single scanning beam
is planned using 32 feed horns in the feed array. The operational version with six
scanning beams would have a total of 192 feed horns. Critical technology for the
CPS scanning beam design are the variable power dividers and phase shifters. The
CPS scanning beam-beam width is 0.3°.

In the baseline CPS system frequenéy reuse is achieved by beam
separation. The CPS beams are vertically polarized and orthogonal to the
horizontally polarized trunking beams.

The Hughes baseband’ processor design concept is based on a static
network control approach as opposed to a dynamic control appreach. In the static
approach channel connectivity is preassigned and the assumption is that excess
capacity exists so that channel assignments can be made at the earth station
without requiring on-board switching on a dynamic or demand basis. On-board
routing and switching is therefore not a real time process. The static network
control approach is oriented toward the Hughes objective to minimize MCS costs.

The on-board baseband processor incudes FDMA demultiplexers, de-
modulators, FEC decoders, the routing switch, FEC encoders, TDMA high speed
multiplexer, and TDMA burst modulator.

The power amplifiers in each of the CPS downlink channels are 75 Watt

TWTA's that are operating at full power continuously, therefore adaptive downlink
power control is not available.
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Adaptive rain response capabilities in the conceptual CPS system design
consist of uplink and downlink FEC (R 1/3, K=5). The normal operating margins
provided are 17.0 db uplink and 8.4 db downlink.

TDMA synchronization and timing functions are distributed between the
satellite, MCS, and CPS earth stations. All earth station oscillators are phase
locked to the satellite master oscillator. The satellite generates a preamble that is
used to synchronize frame start at all earth stations; MCS, CPS and trunking. The
MCS in conjunction with two trunking stations measures satellite range and range
rate. The satellite state vectors are computed and using the predicted ephemeris
data the range, range rate, and burst timing for all earth stations are computed.
The timing data is transmitted to all earth stations to update their respective
microprocessor timing algorithms. Between timing updates the individual earth
stations revise their respective burst timing by a linear extrapolation of previous
data. The CPS stations generate a preamble to provide for carrier and clock
recovery at the satellite receive TDMA modems.

The CPS earth stations are 3.0M non-redundant systems equipped with a
step tracked antenna. The stations are sized for one 25 MBPS and one 125 MBPS
uplink. The power amplifier implemented is a 500 watt TWTA that is shared by the
two uplink carriers. The nominal uplink power required for the 25 MBPS uplink is
40W and for the 125 MBPS uplink, 200W.

3.3.3.2 Comments and Recommendations

Comments and recommendations on the Hughes baseline CPS design
concept, reviewed relative to the NASA specified requirements and other consider-
ations outlined in Section 2.0 are given in the following.

SYSTEM: The functional system design configuration, availability and BER objec-
tives stated, and the transmission rates are compatible with the MASA SOW
requirements outlined in Section 2.0. From an operational point of view TDMA has
the highest priority in terms of transmission mode desirability. A basic premise of
the CPS concept is that the earth stations are low cost systems, precluding
considerations of diversity earth stations for availability purposes. With considera
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tion given to the adaptive rain response capabilities in the baseline CPS design,
independent uplink and downlink FEC, the system availability requirement (.999)
cannot be met in all rain zones., The CPS availability problem was considered in
Reference 4. Comparing the Reference 4 margin requirements for .999 availability
to the Hughes link analysis, the uplink availability in rain zones D3 and E cannot be
satisfied, however an availability exceeding .995 is attained. To satisfy the
availability criteria (.999), in rain zone "E", an approach given iri Reference 4 was
reduction of transmission rates and an increase of earth station size. Alternative
design concepts need to be addressed to resolve the availability problem.

Hughes assumption in developing the network control concept was that
excess capacity was available and therefore dynamic network (and baseband
processor) control was not necessary. In Reference 4 the projected CPS transmis-
sion capacity for a fully matured operational system is 4.0 GBPS and for an initial
operational system 2.0 GBPS. The transmission capacity in the baseline design
concept is about 2.0 GBPS (operational system), If the projections are relatively
accurate excess capacity is not likely to be availahle. Further, traffic distribution
assumptions are necessary to preassign capacity or channels. With the absence of
accurate traffic distribution data on an apriori basis, system resource utilization is
apt to be inefficient. While more complex, it seems that a dynamic network
contro! approach would be more appropriate. The demonstration system must show
scalability (capacity and system dynamics) to an operational system.

A comparative assessment of complexity and cost between trunking -
CPS cross connectivity on-board the satellite and at individual trunking stations is
desirable. Since there will be a limited number of trunking stations, implementa-
tion at the trunking stations may be economically a more viable approach.

It is assumed that the trunking channel TWTA's shared by the trunking
and CPS carriers carry CPS or trunking traffic and not both simultaneously (on the
demonstration system). Separate TWTA's are necessary for an operational system
since inadequate power is available for simultaneous shared use (see Hughes link
budgets).
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The link budgets did not consider CPS scan losses at beam edge. The
analysis should reflect the worst case operating environment so that appropriate
margin and rain response approaches can be established.

ANTENNA SUBSYSTEM: Six CPS$ regional scanning beams are incorporated in the
baseline design concept to provide CONUS coverage, each with a 250 MBPS
transmission capacity, With projections for an operational system (fully matured)

on the order of 4.0 GBPS additional scanning beams will be necessary. The plan
for the demonstration system is to implement a single scanning beam. This is felt
to be totally inadequate. With 4.0 GBPS CPS and 4.0 GBPS trunking requirements
for an operational satellite extensive frequency reuse is necessary, The demon-
stration system should vigorously demonstrate reuse capabilities through both
spatial isolation and orthogonal polarization. Further the demonstration system
should clearly demonstrate not only scalability but the systems dynamics of an
operational system. The weight of the feed assemblies for a six beam scanning
system is high and adding additional scanning beams will further increase the
weight, and is likely to impact the potential capacity achievable in an operational
system. Other alternative designs should be pursued considering the preceeding.

MASTER CONTROL STATION: The baseline design concept far network control
should be reassessed. A static control approach does not lend iiself to the level of

traffic anticipated in an operational system and precludes redistribution of
resources as traffic demands on a real time basis. While more complex, a dynamic
network control approach is felt to be more efficient and appropriate.

The CPS network is comprised of a large number of individual user
networks and a pool of demand assigned channels. The user networks are expected
to be fixed assigned or wired connections requiring assignment or reassignment
only when a user enters or leaves the CPS system. This kind of channe! assignment
does not require a real time capability but can be accomplished manually at a
control terminal. The cost of the MCS control center can be reduced by
considering the split between manually assigned and dynamically assigned require-
ments. A reasonable estimate is that 40% of the channels can be manually
assigned and 60% demand assigned.
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The link budgets did not consider CPS scan losses at beam edge. The
analysis should reflect the worst case operating environment so that appropriate
margin and rain response approaches can be established.

ANTENNA SUBSYSTEM: Six CPS regional scanning beams are incorporated in the
baseline design concept to provide CONUS coverage, each with a 250 MBPS
transmission capacity. With projections for an operational system (fully matured)

on the order of 4.0 GBPS additional scanning beams will be necessary. The plan
for the demonstration system is to implement a single scanning beam. This is felt
to be totally inadequate. With 4.0 GBPS CPS and 4.0 GBPS trunking requirements
for an operational satellite extensive freuqency reuse is necessary. The demon-
stration system should vigorously demonstrate reuse capabilities through both
spatial isolation and orthogonal polarization. Further the demonstration system
should clearly demonstrate not only scalability but the systems dynamics of an
operational system. The weight of the feed assemblies for a six beam scanning
system is high and adding additional scanning beams will further increase the
weight, and is likely to impact the potential capacity achievable in an operational
system. Other alternative desgins should be persued considering the preceeding.

MASTER CONTROL STATION: The baseline design concept for network control
should be reassessed. A static control approach does not lend itself to the level cof

traffic anticipated in an operational system and precludes redistribution of
resources as traffic demands on a real time basis. While more complex, a dynamic
network control approach is felt to be more efficient and appropriate.

The CPS network is comprised of a large number of individual user
networks and a pool of demand assigned channels. The user networks are expected
to be fixed assigned or wired connections requiring assignment ot reassignment
only when a user enters or leaves the CPS system. This kind of channel assignment
does not require a real time capability but can be accomplished manually at a
control terminal. The cost of the MCS control center can be reduced by
considering the split between manually assigned and dynamically assigned require-
ments. A reasonable estimate is that 40% of the channels can be manually
assigned and 60% demand assigned.
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EARTH STATION: The use of a single 500 watt TWTA for shared use by 25 MBPS ;
and 125 MBPS carriers is inadequate based on the link calculations. The power !
required for the two carriers was 240 watts, a back-off of slightly more than 3.0 db
from saturation. A 3.0 db back-off is inadequate, 6-8 db being more appropriate to ;
minimize effects of intermodulation. Separate TWTA's may be necessary for each

channel.
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4.0 REVIEW, COMMENTS, AND RECOMMENDATIONS - TRW/HUGHES
MULTIPLE DESIGN CONCEPTS

4.1 INTRODUCTION

Under Task 2 of their respective Phase [l study contracts, TRW and
Hughes were tasked to develop Multiple Design Concepts for a two flight
demonstration system. Each contractor was required to develop two design
concepts for which the design guidelines were basically the same as those
applicable to the baseline design concept (Section 2.0) except for launch vehicle
constraints imposed by NASA. The constraints were that the Design Concept |
launch vehicle size was limited to a SUSS-D capability (1200-1400 lbs), and the
Design Concept 2 launch vehicle size was limited to a SUSS-A capability (2200 lbs).

The objective of the multiple design concepts is to reduce the Phase Il
flight system cost. The baseline and multiple design concepts provide NASA with a
range of flight system capabilities and costs. The purpose of the demonstration
system is to demonstrate the technology, system performance, and capabilities
required for an operational system. In addition scalability of the demonstration
system to an operational system and operational system dynamics must be
demonstrated. Based on the foregoing criteria for the demonstration, the lowest
cost flight system meeting these objectives can be selected from the baseline and
multiple design concepts.

4.2 TRW MULTIPLE DESIGN CONCEPTS

4.2.1 SUMMARY OF TRW MULTIPLE DESIGN CONCEPTS

4.2.1.1 GENERAL

TRW's Design Concept 1, SUSS-D compatible, limited the on-board
communications subsystem to a Trunking only capability on Flight A and a CPS
only capability on Flight B. In the Design Concept 1, neither ECS or FDMA
capabilities were considered. In Design Concept 2, SUSS-A compatible, again
Flight A was limited to a Trunking only capability, however adequate weight and
power margin are available for some secondary experiments. Flight B provided
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both Trunking and CPS capabilities with on-board cross connectivity, the communi-
cation subsystem design being essentially the same as the Baseline Design concept.

4.2.1.2 DESIGN CONCEPT 1 - SUMMARY

The on-board communications and support subsystems in Design Con-
cept 1 are designed to be compatible with a SUSS-D launch capability. Because of
the size and weight constraints imposed by the SUSS-D, the on-board system on
Flignt A was limited to Trunking capabilities only, and the Flight B on-board
system was limited to CPS capabilities only.

In Design Concept 1, the dual 4.0M antenna apertures of the baseline
design concept are replaced by a single 3.0M (10ft) aperture with a .45°
beamwidth. In addition, a .76M (30 inch) antenna with a 1.5° beamwidth is
provided for spacecraft TT&C communication with Cleveland and spacecraft
autotrack via two dispersed beams.

The Flight A trunking system design concept provides seven fixed
beams of which four can be active simultaneously. The transmission rate of each
trunking SS-TDMA channel is 512 MBPS, therefore with four active channels the
trunking throughput capability is 2,042 MBPS. The on-board trunking communica-
tions system, aside fromi antenna size, is basically the same as in the baseline
design concept. Two of the trunking beams, Cleveland and Los Angeles, are fixed
in the Flight A design to support satellite attitude control requirements. Boston
and New York share a common .45° BW beam. As in the baseline design,
adaptively controlled dual mode TWTA's are incorporated in the design for rain
response purposes.

The Flight B CPS design concept provides a single scanning beam with
an increased pill box array to minimize scanning losses over a 6° FOV. Since
trunking is not provided on Flight B, the fixed beam feeds are removed and
separate transmit and receive scanning beam pill box arrays are provided to
eliminate the need for a diplexer.

The capacity of the CPS system is reduced substantially from the
baseline design concept capabilities, and the burst rates have been halved. The
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clear weather downlink burst rate is 128 MBPS and the high and low rate uplink
channels are 54 MBPS and 16 MBPS. One 64 MBPS and four 16 MBPS uplink
channels are provided for. Independent adaptively controlled 1/2R FEC is
incorporated in the downlink and uplink for rain response purposes. As in the
baseline system, the 75W TWTA is normally operated at full power.

The CPS Baseband processor on Flight B is scaled down to support a
single input and output port since there is only a single 128 MBPS CPS channel and
the Trunking subsystem has been deleted.

The frequency plan provides for frequency reuse on Flight A only.
There are four active spot beams that share two frequencies. Frequency reuse is
provided by beam separation only and provisions are not incorporated in the design
to demonstrate frequency reuse via orthogonal polarizations. The limited CPS
capabilities on Flight B do not provide frequency reuse capabilities through either
space separation or othogonal polarization.

The MCS at Cleveland and the Los Angeles earth station provide three
axis references for spacecraft attitude control. The Cleveland carrier used for on-
board sensing is the 3.5 MBPS TT&C signal and Los Angeles transmits a 30GHZ
beacon signal. There is about 10db of rain fade margin designed into the control
links. Under deep fade conditions the spacecraft can maintain its attitude within
acceptable limits for periods of greater than 24 hours,

Other MCS functions are essentially the same as in the baseline system
except for scaling to match reduced system capacity.

The trunking earth stations proposed for concept 1 are 12.0 diversity
systems. A space diversity implementation is necessary to achieve trunking system
availability (.9999) objectives. The TDMA transmission rate from the trunking
stations is 512 MBPS for each TDMA channel implemented, and the BER perfor-

mance objective is 10-8,

With a lower availability (.999) requirement and reduced transmission
rates the CPS earth stations are 3.5M systems. CPS stations can be equipped with
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one 64 MBPS and/or one or more 16 MBPS TDMA uplinks. All CPS earth station's
receive the 128 MBPS TDMA downlink. Again, the BER objective is 10'6.

The system synchronization and timing approach is the same as
described in the baseline design.

4.2.1.3 DESIGN CONCEPT 2 - SUMMARY

The on-board communications subsystem in design concept #2 are
essentiaily the same as the baseline design concept. The communication sub-
systems on Flight A is limited to a trunking capability only. On Flight B both
trunking and CPS capabilities are provided.

The guidelines for Design Concept 2 limit the launch vehicle to SUSS-A
with a solid propellant upper stage which reduces the payload weight capability
relative to the baseline launch vehicle where augmentation was incorporated with a
liquid apogee kick motor (LAKM).

In Flight A, space, weight, and power margins are available for
allocation to secondary experiments since the payload carries the trunking com-
munications subsystem only. In Flight B with CPS and trunking capabilities, no
allocation is available for secondary experiments.

To limit payload weight to 2200 lbs. various operational constraints are
being assessed. These include: limited eclipse operation; limited N/S station-
keeping; and constraining the number of high power links.

The concept 2 antenna subsystems, beam configurations, signaling
rates, and communications subsystems are the same as in the baseline concept
except for the method of interconnecting the trunking and CPS systems, on-board.
In the concept 2 design, CPS traffic originating in a fixed trunking beam are
uplinked as CPS carriers independent of the uplink trunking carriers. Since they
are in a different portion of the band, the CPS FDMA carriers can be demulti-
plexed and interfaced directly to the CPS Baseband Processor Unit without
traversing the IF SS-TDMA switch. In the downlink the CPS traffic shares the
trunking carrier on a time shared basis with trunking traffic. The CPS traffic is
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distributed across the trunking frame utilizing trunking dead time. After de-
modulation of the uplink CPS carrier, all traffic addressed to specific earth
stations are accumulated and then Time Division Multiplexed with trunking traffic
within the trunking frame. This approach permits the CPS downlink to share a
common frequency with trunking and does not require downlink power sharing.

Other features of the Concept 2 Trunking and CPS design approaches
were described in Section 3.0 in the baseline systems description.

4.2.1.4 COMMENTS AND RECOMMENDATIONS

The comments and recommendations given in Ser;ition 3 for the TRW
baseline trunking design concept applies to the present Design Concept #1 Flight A
trunking system. An additional comment is that the use of a 10 foot antenna will
reduce clear weather margin relative to the baseline design, all other factors being
equal, necessitating use of the adaptive rain response mechanisms for more shallow
rain fades.

The Design Concept #l, Flight B CPS system is inadequate to
effectively demonstrate operational system capabilities, performance, and
dynamics. The total ciear weather transmission rate is 128 MBPS with a lower
throughput capacity based on TDMA frame efficiency and the demands for
adaptive FEC. A single CPS scanning beam is incorporated in the Flight B design
using the 10 ft. reflector. The basic design of the antenna subsystem varies
considerably from the baseline design in that additicnal phase shifters are required
to reduce scan losses, separate transmit and receive arrays are planned, the
beamwidth is wider, and the number of tracks required are fewer. The design
variations are sufficiently widespread that a clear demonstration of scalability to
an operational system, operating performance, and system dynamics is question-
able. The limitation to a single scanning beam, limited transmission capacity,
reduced baseband processor capabilities, and absence of a trunking communications
capability severely limit the ability of the demonstration system to adequately
demonstrate the technology and performance dynamics required in an operational
system environment. The consensus is that the capabilities of Design Concept #1
are inadequate and will not satisfy program objectives.
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The comments and recommendations given in Section 3.0 for the
trunking and CPS systerns apply to Design Concept #2 and are not reiterated here.
A further comment relative to trunking/CPS system interconnectivity is that
trade-off analysis between the various connectivity approaches should be
performed to identify the relative merits and limitations of each with respect to
operational system network and internetwork traffic flow scenarios.

4.3 HUGHES MULTIPLE DESIGN CONCEPTS

4.3.1 SUMMARY OF HUGHES MULTIPLE DESIGN CONCEPTS

4.3.1.1 GENERAL

In approaching the multiple design concept development task, Hughes
ascertained that the need for 30/20 GHZ satellite systems would be limited
because of the potential to considerably expand "C" and "Ku" band capacity
through high frequency reuse factors achievable with implementation of multiple
spot beams on "C" and "Ku" band satellites. Hughes's view was that the need for
30/20 GHZ systems would have to be generated by designing and marketing the
system for specific target markets. The result was that their Multiple Design
Concept | and Design Concept 2, Flight 1 was oriented toward specific tele-
conferencing applications, although the capabilities exist for various analog and
digital operating modes to accommodate a wide range of applications.

Design Concept {1 provides for operation on sixteen channels, two in
each of eight beams. The design concept is an FDMA transmission system in which
traffic routing to specific beams (and earth stations) is accomplished by frequency
assignments.

Design Concept #2, Flight #1 is the same as Concept #! except that
the system is expanded to a fourteen spot beam capability. Twelve of the fourteen
beams have two channels and the remaining two have expanded capacity capabil-
ities in the form of one additional TWTA and two low power solid state amplifiers.
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Design Concept #2, Flight #2 is essentially the same as the baseline
system except for lower transmission data rates and the deletion of adaptive FEC
decoding/coding on-board.

4.3.1.2 DESIGN CONCEPT #1 - SUMMARY

Design Concept {1 is designed to provide a video teleconferencing
network for NASA. The premise is that after completion of demonstration system
experiments NASA would lease back the satellite from a carrier who would buy it.

The Concept #1 system is designed for a SUSS-D launch capability and
a Hughes HS376 bus is proposed. The system operates in an FDMA transmission
mode in which sixteen channels are available, two in each of eight spot beams.
Eight of the sixteen channels (one in each beam) are always available for point-to-
point communications. The second channel in each beam can be either a broadcast
channel or in the absence of a broadcast transmission, a second point-to-point
channel can be switched into each beam.

Each channel is capable of operating at a transmission rate of up to 50
MBPS providing a total transmission capacity of 800 MBPS. The on-board
communcation subsystem is a transparent repeater therefore analog transmissions
can also be accommodated. The on-board system can therefore handle compressed
digital video transmissions that range from 56 KBPS to 50 MBPS, and analog video
transmissions. Multichannel operation within each transponder is possible with
appropriate TWTA back-ofi considerations. The bandwidth of fourteen of the
wideband channels is 100 MHZ and two channels are 3u0 MHZ to provide for
additional SCPC carriers in each wideband channel.

The Hughes analysis indicates that each channel is capable of accom-
modating up to 14-T-1 carrers, or 5-6.3 MBPS carriers, or 2-3 27 MHZ analog
video carriers.

The link design provides for rain margin of 10 db on the uplink and 5 db

on the downlink. On-board adaptive FEC and downlink power control are not
provided.
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In the Concept #1 plan the second flight is identical to Flight #1,
serving as an on-station back-up or to provide increased capacity.

The earth stations in Concept /1 are 4.0 Meter terminals equipped to
provide digital video codecs and transmission equipment in accordance with user
requirements. Channel assignments are handled via an OW channel with the MCS.
Diversity earth stations are not considered in this design concept.

4.3.1.3 DESIGN CONCEPT #2 - SUMMARY

Design Concept #2, Flight #1 is an expanded version of the Concept #!
design approach to fit a Leasat bus. The number of spot beams has been increased
to fourteen to accommodate a customer community outside of NASA.

Beams [-7 share the spectrum with beams 8-14, the frequency reuse
capability made possible by beam separation.

Twelve of the fourteen beams have two wideband channels and two
have increased channel capabilities provided by three additional power amplifiers
feeding each beam.

The transmission capabilities, analog and digital, are the same as
Concept #1. In the present case channel assignments and the broadcast capability
are segregated to each of the two seven beam groups.

Design Concept #2, Flight #2 is similar to the baseline design concept
with lower data transmission rates and no on-board adaptive FEC capabilities. The
Flight #2 system is also designed to fit a Leasat bus.

The trunking communications system uses an SS-TDMA/FDM transmis-
sion mode in a six beam configuration.

The beams are grouped in three pairs; i.e., New York-Cleveland, Los

Angeles- Washington DC, and Chicago-San Francisco. Each group has two 125
MBPS TDMA channels one of which can be fixed assigned to a high density traffic
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iocation and the second time shared between the two cities in the group. With six
TDMA channels the transmission capacity of the trunking system is 750 MBPS,

The CPS communication system provides connectivity between trunking
nodes and CPS nodes through 2-125 MBPS and 2-25 MBPS TDMA channels that
share the trunking power amplifiers. Connectivity between CPS and Trunking is
provided via the on-board SS-TDMA switch.

The CPS scanning beam provides sequential 'DMA coverage of up to
fifteen spot locations. Beam scanning control is originated at the MCS in
accordance with channel and connectivity demands.

An on-board processor is provided for CPS operation. Uplink transmis-
sions from the trunking and CPS beams are demodulated and routed at baseband to
addressed downlink beams, remodulated and burst out downlink via the addressed
beam channel.

The earth stations in Concept #2, Flight #1, are the same as in Concept
i#1 except that the power amplifier size has been reduced (to 100 watts) because of
increased satellite antenna gain.

The earth stations in Concept #2, Flight #2 are 4.0M terminals for both
trunking and CPS, that operate in a TDMA transmission mode.

Synchronization and timing for the TDMA systems is as described in
Section 3.0. The transmission link design provides for 10 db of rain margin on the

uplink and 5 db on the downlink.

4.3.1.4 COMMENTS AND RECOMMENDATIONS

The 30/20 GHZ market scenario on which Hughes based their multiple
design concept is not compatible with previous detailed 30/20 GHZ Communication
System Demand Assessment Studies performed by Western Union and ITT. The
results of those studies indicated that there will be a substantial demand for Ka
band satellite communication services in the 1990 to 2000 year time frame for not

only video, but for voice and data services. The Western Union and ITT demand
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assessment forecasts were based on an extensive literature research effort as well
as surveys of a broad range of corporate, institutional, and Government user
groups. While the absolute magnitudes of the capturable Ka band market may be
questioned, the forecasts represent the most credible information available at this
time and, consequently, should be the basis on which the various 30/20 GHZ design
concepts are developed.

Multiple design concepts #! and #2-Flight #1 have limited usefulness in
terms of developing the appropriate technology and demonstrating the performance
and dynamics applicable to an operational system designed to meet the voice,
video, and data markets forecasted in the WU and ITT studies.

The conceptual designs, oriented toward forcing a video teleconfer-
encing market, assumed that outages are acceptable for this type of service and
provisions were not incorporated to achieve the availability requirements identified
for trunking and CPS systems. Adaptive rain response techniques (FEC, power,
variable rate) and diversity earth stations were not considered. The available
system margin is limited to the 10db uplink and 5db downlink rain margins provided
for in the link ana.ysis plus a small amount of excess margin. '

It is, of course, possible to operate the system in FDMA and TDMA
operating modes, but the design proposed by Hughes does not provide the necessary
electronics in the network or MCS earth stations for the latter. In either case
system availability and operational constraints are not appropriate for an opera-
tional system designed to satisfy the service needs for the markets forecasted.

The Concept #2 - Flight #2 design is conceptually similar to the
baseline design but again its operational capabilities relative to identified trunking
and CPS requirements, the forecasted markets, and the baseline design itself, are
constrained.

The transmission rates of the Concept #2 - Flight #2 system are
reduced relative to the baseline and it is a low availability design that does not
have benefit of adaptive rain response mechanisms or diversity earth station gain.
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In addition to reduced transmission rates and low avallability, multi-
channel operation of the lower power TWTA's (relative to the baseline system)
requires a detailed intermodulation analysis to establish that trunking performance,
even in clear weather, can be achievad.

In the CPS system the CPS beam is steerable to fifteen locations. CPS
traffic can originate and terminate anywhere within CONUS and, therefore, the
CPS scanning beam must be capable of providing CONUS coverage rather than
coverage of specific CONUS nodes. Further, sequentially positioning of the beam
to provide connectivity reduces TDMA efficiency.

Scalability to fully matured operational system capacities and demon-
stration of operational system dynamics was not addressed for either the trunking
or CPS systems.

In general the recommendation is that Hughes multiple design concepts
be redeveloped in accordance with the requirements and considerations outlined in
Section 2.0,



5.0 REVIEW, COMMENTS, AND RECOMMENDATIONS - TRW/HUGHES
CONCEPT RECOMMENDATION

3.1 INTRODUCTION

TRW and Hughes Task #3 effort, under their respective Phase II study
contracts, is to assess the capabilities of the baseline and multiple design concepts
developed relative to the objectives of the demonstration system and identify the
concepts each recommends for further study in the subsequent Phase Il study tasks.

3.2 TRW CONCEPT RECOMMENDATION

TRW has assessed the capabilities of four design concepts that include
the baseline concept, concept #1, concept #2, and a high capacity satellite
concept. The high capacity sateilite concept is oriented to provide substantial on-
station capacity and an 8-10 year design life for operational use following the
experimental period.

The baseline coitcept, concept #1, and concept {#2, sateliite systems
were described in Sections 3.0 and 4.0 and provide no post experiment operational
life.

TRW's cost comparison indicates that program cost is relatively insensi-
tive to satellite size.

The order of the TRW recommendations for further development is the
high capacity satellite, baseline concept, and finally the concept #2 system.

5.2.1 COMMENTS AND RECOMMENDATIONS

TRW's concept recommendations all provide high rate SS-TDMA trunk-
ing and scanning beam CPS system capability with a baseband processor operating
in a TDMA transmission mode. The recommended concepts are compatible with
operational system functional requirements identified by Western Union in Refer-
ence 4,
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The primary candidate recommended for further study, the high capac-
ity satellite, is intended to provide high capacity post experiment operational
capabilities. At this juncture Western Union recommends that operational use of
the demonstration system satellites not be a consideration. The satellite size can

therefore be reduced, the key objectives of the demonstratioin system being to
demonstrate:

- applicability of 30/20 GHZ band to operational system

applications

- performance capabilities relative to operational system re-
quirements

- scalability to an operational system

- operational system dynamics.

TRW has restrained the design concepts developed to date to the same
basic trunking and CPS TDMA design approaches with variations in capacity as a
function of launch vehicle design. While the recommended concepts are ¢smpat-
ible with the Reference 4 functional requirements, the study efforts need to be
expanded. For example, in all of the design concepts: no effort was made to
verify system availability; tradeoffs between system synchronization/timing and
network control approaches were not considered; TDMA efficiency in the CPS
system was not evaluated as a function of scanning beam dwell requirements;
tradeoffs between use of fixed spot beams (in addition to trunking spot beams) in
conjunction with the scanning beams in the CPS system to optimize TDMA
efficiency; traffic density and routing scenarios were not developed for use in
concept development and design optimization. For the concepts developed
projections of technologies that can produce significant reduction of earth station
{CPS) costs, not necessarily in the demonstration system time frame, but in time
for initial operational system are necessary. CPS earth station costs are of
paramount importance in the development of an economically competitive CPS
system. The implication of the above comments is that the scope of the design
affort should be expanded before a demonstration flight system design concept can

be selected, beyond that the requirements in Section 2.0 and comments/recom-
mendations in Section 3.0.
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5.3 HUGHES CONCEPT RECOMMENDATIONS

Hughes, in their Task #3 effort, provided a cursory assessment of:
transparent repeater FDMA versus satellite switched (IF switch & Baseband
Processor switched) TDMA transmission approaches; antenna design and earth
coverage alternatives for multi-spot beam and scanning beam systems; and other
technologies that are oriented toward FDMA transmission techniques that presum-
ably will result in the lowest cost ground segment, particularly in the CPS case. In
the CPS system the ground segment is the major component in user servic# costs
and, consequently, it requires considerable attention in the design of Ka band
systems to control user service costs so that they are economically competitive
with service costs using other media over relatively short (several hundred miles)
transmission distances.

Hughes assessment of antenna size and realizable antenna gain con-
sidering scan loss incurred because of the wide FOV required to provide CONUS
coverage, was directed toward a satellite with a single antenna capability. A two
antenna system providing east and west earth coverage can resolve the scan loss
problem producing improvement in realizable antenna gain as the antenna size is
increased.

A comparison of uplink/downlink interconnectivity via fixed spot and
scanning beams revealed that: scanning beam interconnectivity requires a base-
band processor for efficient TDMA operation and it is not a viable FDMA
technique; fixed beams permit operation in a TDMA or FDMA mode at their
respective maximum per channel transmission rates in a multi-channel transponder,
however, multi-channel FDMA operation results in loss of satellite capacity
because of channel PA back-off requirements to reduce intermodulation interfer-
ence; multi-channel FDMA operation produce problems in combining uplink
carriers; the scaii.ing beam is more flexible in that capacity can be transferred
from link-to-link to match traffic levels by varying beam dwell times; the
complexity and cost of the scanning beam is higher than for fixed beams.

The use of transparent repeaters eliminates the need for on-board

switchirig and minimizes the number of active elements in the satellite repeater.
It is, however, less spectrum efficient than the SS-TDMA approach.
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Hughes briefly identified design approaches, applicable to an FDMA
concept, that tend to reduce earth station costs. Those identified are: FDMA
operation in a multi-carrier configuration permits use of lower burst rates that
simplify TDMA synchronization and timing requirements :'.i.. tend to lower earth
station cost; amplifier (PA) efficiency in a multi-channel sysic:1 can be enhanced
by use of predistortion techniques that provide pseudo-linear power amplifier
operation; that excess spectrum can be traded to reduce intermodulation interfer-
ence effects; on-board regeneration will reduce uplink power requirements; and
that systems availability can be maintained by adaptive uplink power control and
trading off z2v:ilable capacity for margin.

Hughes recommended two concepts for further development, a refined
Concept #1 and a refined Concept #2 Flight #1, both transparent repeaters
applicable to FDMA operation. The Concepts recommended will provide analog,
TDM and TDMA transmission capabilities with the constraints previously
identified. Demonstration capabilities include (but are not limited to): use of
many fixed beams for earth coverage; on-board regeneration; shared use of TWTA's
between antenna feeds; low speed switching of carriers between beams to
redistribute capacity; adaptive rain compensation;. etc.

3.3.1 COMMENTS AND RECOMMENDATIONS

Hughes' recommended concepts are spot beam FDMA concepts oriented
toward reducing earth station costs, and eliminating the need for on-board
switching/routing, and scanning beams. The muiti-channel transparent repeater
FDMA concepts permits system operation in analsg, TDM and TDMA transmission
modes using carrier sizes and burst rates up to the maximum channel throughput
capability. The basic assumption in the recommended concepts is that available Ka
band spectrum is unlimited, because of the 2.5 GHZ bandwidth and, therefore,
some inefficiency in spectrum use is permissable. This assumption is contrary to
one of the primary objectives of the 30/20 GHZ communications system program;
i.e., efficient utilization of the Ka band spectrum.

The primary motivation in recommending the FDMA concepts is to

lower earth station costs which is essential if Ka band satellite systems are to be a

viable competitor with other transmission media. At the present time it is well
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known that analog FDMA and low burst rate TDMA transmission systems, particu-
larly earth stations, are substantially less costly than high burst rate SS-TDMA
systems. To conclude that FDMA system will hold a cost advantage over higher
rate SS-TDMA systems at the time initial Ka band systems are expected to be
implemented, based on the present relative costs, may be presumptuous and
inaccurate, The use of LSI techniques even in the present time frame, can
substantially reduce the cost of high rate TDMA terminals. The current problem is
that the demand for high speed terminals has not yet developed and until a
reasonable market does develop, suppliers will not make the capital investment
necessary to translate discrete component terminal designs into LSI components.
Digital processing and semiconductor technology is also changing rapidly and it is
likely that new technology developed during the next decade will result in
substantial cost reductions for TDMA systems relative to current costs. An
excellent example of the impact that a viable market has on hardware and systems
cost is the CATV market. The cost of video receivers in 1976 was on the order of
10K and today a 24 channel remotely tunable video receiver can be purchased for
3.5K.

It is felt that the concept development study effort should be expanded
to include a more thorough assessment of the technology that is expected to be
available in the 1990 time frame and the impact of the projected technology on
system cost, considering both FDMA {analog, TDM, TDMA) and SS-TDMA system
designs.

Reference 4.0 discussed the capacity requirements for operational Ka
band trunking and CPS systems for the three basic types of carriers, i.e., trunking
only, trunking/CPS, and CPS only carriers. The objectives of the demonstration
system are to demonstrate:

- the applicability of the 30/20 GHZ band to operationa}
system applications

- performance capabilities relative to operational systems
requirements

- scalability to an operational system

- operational system dynamics.
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Bated on the cited objectives the demonstration system design should
not be constrained and, indeed, should be a reduced capacity replica of an
operational satellite. For example, the satellite antenna subsystem should not be
limited to a single antenna with its consequent reduction in gain due to scan loss,
when a dual antenna system will permit use of larger antennas, lower scan losses,
and higher realizable gain. Similarly, the CPS system, by definition, must be
capable of providing CONUS coverage, therefore, scanning beams and fixed spot
beams are required to satisfy the earth coverage requirements.

In general, the study effort and concept development needs to be
expanded to appropriately address design and cost tradeoffs between FDMA and
SS-TDMA systems and to select a design concept that is as near to fully satisfying
projected operational system requirements as possible, considering the technology
expected to be available in the 1990 time fraine. The expanded effort should
include development of traffic density and routing scenarios to provide a basis for
comparison of the relative capabilities and efficiency of system alternatives and
for design optimization. More detailed analysis is required to clearly show that the
systems design satisfies performance requirements, i.e., BER, availability, etc.
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SECTION 1
TASK REPORT 5
INTRODUCTION

1.0 OBJECTIVES

Under the requirements of NASA Contract No. iNAS3-22461, Western
Union was tasked to review, comment and offer recommendations on Hughes and
RCA Phase II Final Concept Design for 30/20 GHz trunking and CPS communica-
tion systems. As a part of Western Union's Task 3 efforts, the multiple concepts
developed by the two contracts were reviewed relative to the NASA SOW and
Western Union's perception of 30/20 GHz communication system requirements
based on the results of earlier Western Union market demand assessment studies
and the functional design described in the Task II report on the present Planning
Assistance Program.

The design concept development was based on satisfying the baseline
requirements set forth in the SOW for a single demonstration flight system. Key
constraints on contractors were cost constraints, and the launch vehicle size for a
single demonstration flight. The outputs of this task are:

) review of two (2) design concepts,
o comparison of experiment capabilities.
1.1 GENERAL COMMENTS

Although generally both the contractors meet the baseline NASA
Statement of Work requirements for a single demonstration flight, it is Western
Union's opinion that no single concept proposed by either of the two contractors
convincingly demonstrates a high degree of scalabiiity to an operational system. A
detailed discussion of the system aspects and other considerations to demonstrate
scalability to an operational system is presented in Task 3. Various aspects which
need further study and pointed out in Task 3, also apply to this Task 5 effort. In
general, the system concepts proposed in Task 5 either emulate the previous
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system design concepts or provide further details. In general, Western Union

concluded that, no significantly different or new cencepts have been proposed in
the two contractor's reports that were reviewed.
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SECTION I
DEMONSTRATION SYSTEM DESIGN REQUIREMENTS

2.0 INTRODUCTION

The objective of this section is to review, discuss and evaluate the
various system design concepts proposed by Hughes and RCA consistent with the
requirements set forth for space, ground and control segments for a 30/20 GHz
operational system for three classes of carriers, 1) trunking, 2) CPS and 3)
CPS/trunking.

Under the NASA Task 3, Phase Il technical design requirements for the
three carrier classes considered the design efforts of the contractors were to be
addressed to the entire space, ground and control segment subsystem for the
demonstration of 30/20 GHz network concepts such that a practical cost target
could be established. The objective of the demonstration sateilite is to establish
the feasibility of a fully operational satellite communication network to be
operated by various classes of carriers, i.e., trunk only, Customer Premise Service,
only and trunk/CPS. Although the Task 5 effort is directed toward the demonstra-
tion satellite, under cost and payload constraints, the system design must be
scalable to a fully operational commercial communication satellite network.

This Task Report is a comprehensive review of the design concept
reports submitted to NASA under Task 3 by the following two contractors:

1. Hughes, "Phase Il Flight Experiment System Preliminary
Design Report, April 28, 1981" Document Code !-4-H-2-T4.

2. RCA Astro, "30/20 GHz Demonstration Systems, May 12,
1981 Suplement to Presentation of April 23, 1981."

The baseline design requirements are derived from "Requirements
Determination for the Demonstration of 30/20 GHz Communication System”
Statement of Work. A baseline system has been defined to demonstrate the
technology and system perf“rmance for two basic types of communication services:
Trunking and Customer Premise Services.




Present planning is directed toward a single demonstration flight
system using an existing spacecraft bus with minimum modifications. with an
objective to limit the launch vehicle to SUSS-A as an upper bound.

2.1 TRUNKING REQUIREMENTS

The basic requirements for the baseline trunking system, from the SOW,
are:

o Provide SS-TDMA and optionally, FDMA transmission
capabilities (simultaneous operation not required).
Support T3/T4 user interface in SS-TDMA and FDMA mode.
Capable of achieving high riodal availability (0.9999) using
diversity earth stations and combinations of fixed margin
and adaptive compensation techniques.

o Capability of SS-TDMA between four primary nodes and two

alternate nodes, although only four beams may be operated
at one time,

2.2 CPS REQUIREMENTS

Basic requirements for the baseline CPS system, from the cited SOW
are:

0 Provide TDMA transmissivn capability with nominal burst
rates of 30/120 MBPS on the uplink and 240 MBPS on the
downlink.

) Provide on-board baseband switching/routing capability.

" Provide maximum coverage using two scanning beams.
Capable of achieving a 0.999 link availability with a
combination of fixed margin and adaptive compensation
techniques.

Low cost user terminals.
Capable of supporting user rates from 64 KBPS - 6.3 MBPS.
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2.2 GENERAL CONTEXT AND COMMENTS ON BASIC SYSTEM ISSUES

The concepts provided by the two contractors satisfy the minimum
requirements set forth in the Statement of Work. Although the concepts are well
conceived, there are no significant variations between the concepts proposed, or
significant departures from the SOW, by Hughes and RCA insofar as system
configuration and throughput capacity are concerned. In comparison to previous
design concepts presented by Hughes, the current concepts are more in line with
the Statement of Work. RCA has furnished somewhat more detail and analysis of
various aspects of their previous system design.

The space segment configuration and its capabilities proposed by the
contractors are chosen to be compatible with the launch vehicle required to deliver
the payload into orbit. The significant issues to be addressed in the demonstration
flight are:

Antenria subsystem and f#am characteristics,
Network synchronization and timing,
Baseband processor,

Master Control Station,

Technology experiment,

c O O O O O

Earth station interface.

In view of the fact that the present effort is toward an evolutionary
ilight system with cost and launch vehicle constraints, it is essential that the
concepts proposed by contractors be demonstrated to a high confidence level which
verifies a smooth transition from a demonstration system to a fully operational
system. Based on Western Union's perception of operaticnal system requirements,
the fellowing demonstration system considerations are not addressed adequately
and require further investigation:

Frequency reuse,

Antenna subsystem and beam topology,
Link availability,

Synchronization and timing,

0O O O o ©o

Terrestrial interface,
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o  Consideration of existing and projected traffic requirements
and its impact on space segment design.

In Western Union's Task 3 report to NASA, various aspects of system
consideration have been discussed in detail in Section V, "System Considerations."
It is Western Union's belief that in order to verify the transition from a
demonstration satellite system to an operational system, the topical studies and
analysis discussed in Section V of Task 3 also apply to the system designs proposed
under Task 5.

A brief description of the significant features is given below.

o Hughes has proposed both TDMA and FDMA transmission
modes for trunking on a non-simultaneous basis. The
primary and secondary nodes for either transmission are the
same. The transmission data rate is 256 MBPS in both
transmission modes. The FDMA transmission multiplexing
and demultiplexing is done at RF. The CPS is provided via
the baseband processor. There iz no cross-connect between
the baseband processor and the TDMA switch. The trans-
ponder can be configured to operate either in a CPS or
trunking mode non-simultafieously. The trunking and CPS
operational concepts suggested by RCA are similar to the
Hughes' concept. RGA has provision for FDM/FDMA opera-
tion using ground adaptive power control utilizing the avail-
able trunking and CPS hardware on the spacecraft. RCA's
FDMA operation is for CPS whereas Hughes' is tor trunking
operation.

o  The availability summary by RCA for a BER of 107°
indicates that an availability of 0.9999 for trunking is not
satisfied in rain zone E. For CPS an availability of 0.999 is
met only in rain zone F with a 9.6 db FEC gain. Details of
availability and link analysis are given in the RCA report
dated April 23, 1981.
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The RCA communication payload has essentially the same
capabilities as Hughes insofar as the throughput for trunking
and CPS operation is concerned. Hughes has an FDMA
capability for trunking at 256 MBPS where RCA has FDM/
FDMA capability for CPS operation at 32 MBPS., By a
suitable reconfiguration of the IF switch it is conceivable to
have a limited FDMA operation in the RCA design.
Furthermore, with essentially the same capability, RCA has
a much lighter bus with a SUSS-D launch capability, com-
pared to the LEASAT bus proposed by Hughes which requires
a SUSS-A launch vehicle, Both the RCA and Hughes
satellite designs have a four year operational design life.

Hughes met the specified 18.0 db and 8.0 db uplink and
downlink margins respectively for trunking. The 18.0 db
uplink margin is provided by a 500 Watt TWT at the ground
station. Since a large clear weather margin is not essential,
adaptive power control should be considered. This will
result in increased reliability of the earth station TWT
amplifiers. RCA has used two 200 Watt TWTA in parallel to
provide the specified rain margin. An adaptive power
control implementation at the ground station will permit
operation of the TWTA in a backed-off mode thereby
enhancing its reliability.

RCA has not investigated in detail the synchronization
aspects of the system.

Both Hughes and RCA have not investigated instrumentation
to monitor various parameters and the impact of such
instrumentation on the weight, power and cost of the
satellite.

RCA has made reference to the hardware being developed

by other contractors and makes use of the "best case"
specified parameters under consideration, and it is there
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fore, an optimistic design. Furthermore, interface problems
with the equipment of various vendors are not addressed.
However, it must be noted that only RCA has made an
effort to co-ordinate and utilize the hardware being
developed by other major aerospace contractors.

e
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SECTION lII
REVIEW OF HUGHES AND RCA DESIGN CONCEPTS

A brief review of the two contractors design report is summarized in
this section.

3.1 HUGHES

Under this task Hughes has proposed the following two concepts.

3.1.1 Option 1

This concept uses a 3.0 meter antenna for both receive and transmit
beams. For trunking operation the antenna generates six beams pointed toward Los
Angeles, Cleveland, New York or Washington and Washington D.C. or Tampa. Only
four of the six beams are active at any one time. The peak gain of the antenna is
56.1 db and 53.1 db for receive and transmit respectively. With edge losses of 5.1
db and 5.6 db, the net gains for receive and transmit beams are 51.0 db and 47.5 db,
respectively. Since the receive beam width is about two-thirds of the transmit
beamwidth, more than twice the number of receive beams with respect to transmit
beams are required to provide the same coverage. The New York and Washington
D.C. beams are frequency isolated. The Los Angeles and Cleveland beams are
isolated from each other and others by polarization and/or spatial isolation. The
Option 2 frequency plan utilizes the available spectrum more efficiently using
frequency reuse by virtue of spatial and polarization isoiation.

The TDMA transmission rate for trunking operation is 256 MBPS per
beam. Complete interconnectivity is provided by éx# (six input - four output) IF
switch, Two redundant paths are provided to by-pzass failed cross-point switches.
The transmitter is driven by a 40 Watt TWT. An 8 Watt Solid State Power
Amplifier (SSPA) provides back-up for the TWT for clear weather operation only.
The microwave subsystem consists of two sets of identical units. One set is used
for trunking service. The other set can be used for either scanning beam or trunk
service by activating switches directly preceding and following the IF switch
matrix. Three for two redundancy is used for all units containing active devices
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except for the IF switch matrix which is internally redundant. The antenna has
monopulse tracking for high antenna pointing accuracy.

The ground station antenna size for trunking is five meter with spatial
diversity and the transmitter size is 500 watts. The uplink and downlink margins
exceed the required 18 db and 8 db respectively.

CPS operation is provided by single independently scanned uplink bearn
and downlink beams. In the CPS5 mode, the New York, Washington D.C. and
Cleveland beams are also covered with the CPS scanning beams. The signals after
down conversion are routed to the baseband processor where the signals are
demodulated, stored and forwarded. If the uplink signal from a particular CPS
station is forward error coded (FEC) due to rain, the signal is decoded by the BBP
decoder. Downlink signals to stations suffering severe rain attenuation are FEC
encoded in the baseband processor. The 128 MBPS multiplexed data stream is
modulated on an IF carrier, upconverted, amplified in a 40 watt TWT and
transmitted downlink. Since simultaneous operation of trunking and CPS service is
not required, the same frequency plan is used for both.

The ground station antenna size is three meters and the HPA size is 7
watts. The required 15 db rain margin is provided by 7.6 db of power control at the
ground station and a 7.4 db FEC improvement.

The changes incorporated in the antenna subsystem as compared to the
baseline, result in a significant reduction of antenna weight. These changes are as
follows:

1. Scanning beams and the beam forming network are reduced
from two to one for both transmit and receive.

2, Receive low-speed configuration switches are reduczd from
six to five.

3. Transmit low-speed reconfiguration switches are reduced
from seven to six.

4,  CPS receive feed horns are cut from 29 to 16.

5. CPS transmit feed horns are reduced from 15 to 10.

6. BFN pre-amplifiers are reduced from 32 to 19.
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7.  High speed switches for the receive CPS beam scanning
reduced from 26 to 14.

3.  High speed switches for the transmit CPS bearn scanning cut
from 12 to 8.

3.1.2 Option 2

Compared to Option |, this configuration includes the capability for a
four by four beam FDMA routing and two scanning beams for receive; and two
scanning beams for transmit, each with independent scanning capability. The nodes
for FDMA transmission are the same as those for TDMA transmission.
Multiplexing and demultiplexing is done at RF and full connectivity is provided by
channelization filters. The outputs of the muitiplexers are routed directly to the
TWTA or SSPA for downlink transmission. Since the receive beam width is about
two-thirds of the transmit beam, more than twice the number of receive beams as
compared to transmit beams are required to provide tlie same coverage. Each
scanning beam provides coverage for one sector. Each sector covers approximately
10% of the CONUS. Sector | scanning beam coverage includes spots at Seattle,
New York and Washington D.C. Sector 2 scanning beam coverage includes spots at
Cleveland, Denver and San Francisco. The scanning beams are orthogonally
poiarized.

Two types of ground stations are used in this configuration; five meter
antennas for trunking and large CPS (128 MBPS) stations, and three meter antenna
for small (32 MBPS) CPS station. The ground station HPA for the trunking station
is 500 watts, 10 watts for large CPS station and 7 watt for small CPS station. The
uplink rain margin of 15 db is provided by a 7.6 db power boost at the ground
station and a 7.4 db FEC improvement. With a 40 watt spacecraft transmitter, the
margin for five and three meter CPS stations is 12.9 db and 8.4 db, respectively.

3.2 RCA

Under this task RCA has proposed the following two concepts.
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3.2.1 Option 1

The antenna subsystem used by RCA in this conceptual design is the
same as that proposed by TRW and Ford. Both antenna subsystems are in
agreement with the baseline requirements. There are four primary nodes and two
alterate nodes. The nodes are Los Angeles, Cleveland, New York or Tampa and
Washington D.C. or Houston. Connectivity among the nodes is provided by a 4x4
TDMA IF switch matrix. CPS coverage is provided by a single scan sector beam
with contiguous coverage (10% CONUS) plus three other spot beam locations. The
routing, coding/decoding and store/forward is provided by the baseband processor
being developed by Motorola.

The trunking transmission rate is 256 MBPS. The CPS transmission rate
for TDMA is either four channels at 30 MBPS or one 120 MBPS. The downlink
transmission rate is 240 MBPS. For CPS transmission the system provides two 30
MBPS FDM/TDMA channels on uplink and one 120 MBPS channel on downlink.

The diversity ground station antenna for trunking service is five meters
using a 400 watt TWTA. The ground station antenna size for CPS terminals is five
meters for 120 MBPS stations and three meters for 30 MBPS stations. The HPA
size for both types of terminals is 200 watts.

32,2 Option 2

The antenna subsystem for this option is also the same as developed by
TRW. This option also includes 4 x 4 beam FDMA routing and channelization
assembly for trunking. The transponder can be configured either in FDMA or
TDMA mode at any one time. The transmission data rates remain same as in
option 1.
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SECTION IV
EXPERIMENT PLANS

4.1 CAPABILITIES

Hughes and RCA have each proposed two design concepts. Each design
concept can provide transmission system capabilities to coriduct most of the
important service, technology and combined service/technology experiments
identified in Sections 4.2, 4.3 and 4.4,

4.2 TECHNOLOGY EXPERIMENTS

The following set of experiments are necessary to demonstrate the
critical technology of the 30/20 GHz communications subsystems.

PT-1 (Transponder Performance Evaluation)

The objective of the experiment is to determine transponder perfor-
mance as a function of time in space environment and obtain fundamental data for
further advancement of transponder components.

The satellite transponder and associated antennas form the primary
portion of the communications subsystem on a communication satellite. Critical
parameters to be measured include gain, phase noise introduced by frequency
translation, delay, filter distortion effects caused by channelization filters, and
interference for all transponder path configurations.

PT-2 (20 GHz TWT Transmitter Experiments)

The objective of the experiment is to demonstrate an efficient,
multilevel 20 GHz TWT transmitter and evaluate its performance on-orbit. In the
analysis of baseband distortion, it is important to understand the nonlinearity
characteristics of the TWTA which is the primary contributor to transponder
nonlinearity. These characteristics may be affected by switching from one mode
to another or TWT input backoff in steps of 1 db by ground command.
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PT-3 (Multiple Spot and Scanning Beam Antenna Evaluation) and
PT-15 (30/20 GHz Multiple Scanning Spot Beam Antenna)

These two experiments should be conducted as one experiment. The
objective is to determine and evaluate beam pattern, gain stability and coupling

and to develop antenna technology so that high gain and high capacity scanning
beams can be fabricated.

This experiment is critical for the assessment of antenna design.
Concern with scanning beam systems include capacity limitation, scanning losses,
synchronization complexity, gain contour, and slope effects. Concerns with spot
beam antennas include switching hardware complexity, to confirm the choice of
the frequency/polarization plans, the isolation between fixed and scanning spots
(when the scanning are steered through or near the fixed beams antennas) should be

measured. Specific parameters to be measured include antenna gain, antenna
pattern, polarization isolation, beam pointing, etc.

PT-4A (Impatt Solid State Transmitter)
PT-4B (GaAsFET Solid State Transmitter)

The objective is to determine communications performance, life and
stability under space environment. Obtain fundamental data to guide future use of
Impatt and GaAsFET microwave power devices.

Solid state microwave power devices, used in suitable power combining

circuits are promising candidates for future efficient, reliable spaceborne trans-
mitter applications.

PT-7 (IF Switch Matrix Performance Test)

The objective of this experiment is to evaluate the performance of the
IF switch matrix in the operational environment.

The IF switch is one of the new technologies being developed by NASA.
The critical design parameters, which must be tested with the switch at maximum
reconfiguration rate, include connectivity, random switching, switching speed,
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beam isolation, etc. Reliability of the IF switch is a major concern. A self-test
feature checking any in/out connection by ground command would be useful.

PT-9 (Baseband Processor (BBP) Evaluation)

The objective of this experiment is to establish the on-orbit character-
istics of the BBP subsystem such as connectivity capabilities, FEC performance
and its susceptibility to electrical, mechanical and radiational damage.

The Baseband Processor has been designed using several advanced
technology developments. This necessitates the assessment of its characteristic,
and its numerous functions on-orbit. The advanced technology developments
include modulation technique, high speed baseband routing switch, modular
distributed processing techniques, memory configuration and the special LSI design.
Extensive tests should be conducted on the BBP functions within the satellite
system architecture such as store-and-forward capacity and routing capability,
isolation, redundancy capability (if used), FEC decoding (both hard and soft
decision) and encoding, including bit rate reduction (if used), under varied
conditions of SNR, BER, satellite positional stability, antenna pointing stability/
accuracy and sync word lengths. A provision to bypass the BBP (or parts thereof)
should be incorporated should an on-orbit failure require troubleshooting.

PT-16 (Synchronization)

The objective of this experiment is to demonstrate the feasibility of
synchronizing satellite beam steering with earth station burst timing. This
experiment is essential to evaluate the synchronization technique selected for the
ground station network. Key areas of concern include the synchronization of burst
assignments with the scanning beams, hardware and software function
complexities, stability of synchronization subsystem, etc. If applicable both open-
loop and closed-loop techriques should be evaluated.

PT-20 (Antenna Pointing Accuracy)

The objective of this experiment is to demonstrate the antenna pointing
accuracy requirements of the spacecraft and the earth terminal. Monopulse feeds
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pointing toward one or more earth stations is required. It is important for
maintaining synchronization and the communications link's performance that the
antenna pointing accuracy should be compatible with the beam width. The effects
of spacecraft pointing error on ground antenna tracking or pointing during normal
operations and station-keeping maneuvers should be evaluated.

PT-21 (Interference Assessment)

The objective of this experiment is to determine the level of inter-
ference versus beam separation assuming frequency reuse. The levels of cochannel
interference and cross-polarization isolation will directly affect the link's
performance. The measurement of these two parameters when the number of
beams is increased to about 20 beams will give an adequate assessment of the
antenna sidelobe level and beam separation assuming frequency reuse. This
experiment should be conducted during uniform and non-uniform loading of the
beam.

4.3 OPERATING EXPERIMENTS

The following experiments are necessary to demonstrate commercial
service applicability.

PS-1 (30/20 GHz Propagation Measurements) and
PS-29 (Propagation Experiment)

The object is to measure the radio wave propagation effects and
evaluate system performance on operating earth-space paths,

At 30/20 GHz, the troposphere has a significant effect on the carrier-
to-noise ratio of a propagation wave. The reduction in carrier to noise ratio
reduces the allowable data rate for a given bit error rate and the quality of
transmission.

In the most severe cases, transmission outages will occur. Propagation

measurements and studies are necessary to allow the prediction of outages with a
high degree of certainty so that the means to reduce the frequency and durations
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of these outages can be developed. A 20 GHz beacon instead of 30 GHz beacon
should be utilized for this experiment to avoid interference problems.

PS-10 (Bit Stability During Switching)

The objective of this experiment is to measure directly the effect of
diversity switching relative to bit integrity.

Power efficient digital receivers generally require the existence of a
digital clock synchronized to the received bit stream to control the integrate-and-
dump or matched filter's sampling instants, or to control otherwise the timing of
the output bit streams.

The received bit-transition time clock has some time jitter and
frequency drift corresponding to the oscillator phase noise and path change
velocity. The effect of diversity switching on bit integrity can be so severe that it
causes multiplexers or switches in the data link to produce a totally corrupted bit
pattern. These effects should be fully investigated.

PS-14 (System Synchronization Evaluation)

PS-24 (Synchronization Parameterization)

These two experiments should be conducted as one experiment. The
objective is to evaluate the stability of the network synchronization as a function
of time and SNR and to measure the time required for resynchronization after
drop-out.

Synchronization tracking loop depends on several parameters, including
the phase noise in the carrier induced by various oscillator short term stability,
carrier tracking-loop dynamic, transient response and acquisition, performance
requirements, and signal to noise ratio in the tracking loop.

Each synchronization tracking loop requires the use of some form of
phased locked oscillator tracking loop. In addition to tracking the oscillator phase
noise, the loop must also acquire the carrier in a reasonable acquisition time and
operate over the required range of oscillator-frequency drifts. The implications of
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these effects on the perfoririance of PSK or APSK modems should be considered
since the detection is only partially coherent because of the imperfect carrier
tracking caused by various loop noise affects.

Results of this experiment will determine the future synchrofization
schemes to be considered such as length of unique words, error threshold, and

modulation techniques.

PS-25 (Diversity Operation)

The objective of this experiment is to determine the increased avail-
ability afforded through the use of diversity techniques within a limited region of
coverage and to determine the optimum spacing required for best diversity
improvement.

The significant path loss variations at 30/20 GHz due to rainfall
necessitates the deployment of diversity arrangements. Space diversity is one
arrangement that needs to be thoroughly evaluated in terms of switching and
control techniques of traffic from one site to another without interruptions and the
effects on synchronization, the relationship between separation distance, fade
depth and diversity gain. This experiment is essential, since empirical data to
substantiate the belief that there is nearly a db for db diversity gain improvement
for cases where single site attenuation exceeds the 15-18 db range is not available.

PS-27 (Propagation Availability)

The objective of this experiment is to determine the service availability
and individual and joint fade statistics.

The severity of rain attenuation in the 30/20 GHz band, particularly
where high system availability is required, mandates that the system designer
consider multiple techniques for improving system availability. These would
include adaptive power control, adaptive FEC, space diversity earth station
complexes, and location of the satellite within the domestic orbital arc. Experi-
mental explorations of these and other techniques such as adaptive reduction of the



transmission data rate and the reduction of the number of quantization bits for
digital voice channel, are necessary for system design trade-off considerations.

PS-30 (User Acceptance)

The objective is to evaluate user acceptance of low cost communication
versus moderate service availability.

Duration and time of occurrence of outage are important factors in
determining the acceptability of low cost service. Requirements for minimum
EIRP, minimum antenna size and narrowband communications (voice, facsimile,
etc.) should be determined.

4.4 COMBINED OPERATION/TECHNOLOGY

The following experiments are necessary tv demonstrate commercial
service applicability and special technical cupabilities that enhance system perfor-
mance/availability.

PSAT-4 (Cophasing Parameterization)
PSAT-5 (Cophasing Stability Measurements)

The objective of the experiment is to determine the performance of
cophasing as a function of the measurement time, the measurement format, and
the signal-to-noise ratio of the system. To determine the stability of the phased
array as a function of time.

The cophasing operation is the process of taking a set of array phase
measurements and computing the deviations of the uplink and downlink beam from
the intended directions and correcting for these deviations by updating the steering
vectors associated with the phased array.

The required SNR's of the cophasing schemes are not known, nor are the

measurement times and measurement format (e.g., one single measurement, or
summed sequential measurement). These factors are interrelated. To obtain the
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data necessary for accurate design, a study of these relationships and array
instabilities is required.

PSAT-6 (Low Bit Rate FDMA/TDMA)

The objective of this experiment is to evaluate network performance
for low bit-rate (6.3 MBPS) FDMA/TDMA via the emergency service channels, link
performance, adaptive FEC, service quality for voice, FAX, TTY and freeze-frame
TV'

Low bit-rate FDMA/TDMA service could become a very important
application of 30/20 GHz communications to low cost CPS type services. Space-
craft equipment complexity, network performance and link performance need to be
evaluated and demonstrated.

PSAT-7 (Variable Bit-Rate SS-TDMA)

The objective of this experiment is to test network synchronization for
wideband communication with adaptive bit-rate.

Improved availability can be obtained by adaptive rediiction of the
transmission data rate, providing an increased level of energy per bit for given
available transmitter power conditions. This approach should be evaluated as g1t
of system design trade-off consideration.

PSAT-8 (Trunking and CPS Ex_wrime:?ts)

The objective is t& develup quantitative end-to-end system performance
data for trunking and CPS under various propagation conditions with and without
the aid of adaptive compensation and to develop network operational control
procedures.

It is necessary to evaluate the system performance in terms of system
parameters such as TDMA acquisition/reacquisition time, carrier and bit timing,
BER versus E/N ° performance, BER improvement with adaptive fade compensa-
tion, effects on system BER and synchronization due to station keeping, dynamic
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burst assignments, satellite switch reconfiguration, loss of primary reference
bursts, and BER as function of load variations, intermodulation characteristics,
BER as a function of TWT back-off and number of carriers and demonstrate the
performance of a DAMA control system.

PSAT-11 (Adaptive Polarization)

The objective of this experiment is to develop statistical data on
measured depolarization effects at 30/20 GHz as a function of rainfall statistics.
To develop an adaptive polarization tracking subsystem and to evaluate its
performance, particularly in heavy rain zones.

Rain depolarization is an important system and earth station design
consideration, particularly in linearly polarized frequency reuse systems. Param-
eters to be measured include polarization shift relative to measured rain rates,
BER with and without adaptive tracking, cross-polarization isolation and inter-
ference with and without adaptive tracking.

4.5 SUMMARY AND RECOMMENDATIONS

4.5.1 Hughes

The description of the experiments is very brief and methodology of
performing the experiments is not given. It is mentioned, however, that rnost of
the experiments will be conducted except the experiments which cannot be
accommodated in the system, namely:

PS-4 (Above 40 GHz Propagation)

PS-23 (C-Band and Ku-Band Experiments)

PSAT-4, 5 (Cophasing Experiments)

PT-15(30/20 GHz Multiple Scanning Spot Beam Antenna)
PT-6, 14, 17, 22 (Intersatellite L ink)

PSAT-3 (Multilevel TWT Control)

For the reasons mentioned in the previous section, it is important to
cor:.“1ct several of these experiments such as PSAT-4, PSAT-5 and PSAT-15.

< - on
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PS-4, PS-23, PT-6, PT-14, PT-17 and PT-22 cannot be accommodated in one flight
system.

PSAT-3 experiment is not considered to be important since a control
approach can be simulated during ground testing. It is expected, however, that the
control metihod will be demonstrated as part of PT-2 experiment.

4,5.2 RCA Astro

A substantial number of experiments will not be accommodated in the
RCA system. Several other experiments will be partially conducted. Evaluation
techniques, methods and the means to be used in performing the experiments are
not given, consequently, the meaning of "partially conducted" can neither be
deduced from the RCA report, nor is it given,

For the reasons mentioned in Sections 4.2, 4.3 and 4.4, it is important
to accommodate, PSAT-4, 5, 6 and to fully conduct PS-27, 29, 30, PSAT-11 and
PT-ljn

The rest of the experiment which will not be conducted are categorized
as follows:

o  PS-9 (FDMA/TDMA Operational Comparison)
No simultaneous FDMA/TDMA trunking mode incorporated in
NASA design concept.

o  PS-4 (Above 40 GHz Propagation)
Above 40 GHz bandwidth is not expected to be used beyond the
year 2000, also the placement of beacons on the spacecraft may
jeopardize the performance of other important experiments.

o PS-23 (C-Band Ku-Band Beacon Experiments)
This experiment is not an objective of the NASA experimental

system.

o PS-31 (30/20 GHz Propagation Phenomena)
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) PS-33 (30/20 GHz Propagation Experiment)
The objective of these experiments will be achieved by conducting
PS-1, PS-29.

) PSAT-1 (A/G Communications)
A separate frequency band should be allocated for A/G
communication.

o PSAT-2 (Spread Spectrum Feasibility)
Spread spectrum communications use a much wider bandwidth
than that of the data information for transmission.

o PT-13 (Small Earth Terminal Dual Feed Experiment)
Ku band is not part of this experimental system.

o PT-6 (Intersatellite Experiments)
) PT-14% These experiments require more than one
] PT-17 spacecraft,
) PT-20
4.6 EXPERIMENTS PLANS MATRIX

The matrix on the following pages identifies the experiments presented
by each contractor which can or cannot be supported by each communication
subsystem as well as the identification of the important experiments.

The experiments are in three categories:
- Service Experiments
- Service and Technology Experiments

- Technology Experiments

For the service experiments the following types of experiments are
shown in the matrix:

e

G e

TUAN

ZTTERETITE

i



£

o O 0O o O

Marketable Services, Performance, Demand, User
Acceptance

System Control Synchronization

Customer Premise Service Earth Stations

Propagation Experiments

Traffic Modeling Simulation

Enhancement of Link Availability.

The following types of experiments are shown in the matrix for the
Service and Technology Experiments category:

Q

Communications Service Experience
Enhancemerit of Link Availability

The following types of experiments are shown in the matrix for the
Technology Experiments category:

O 0 & O O o

Space Segment Experiments

Ground Segment Experiments
Transmission Impairments

System Performance and Monitoring
Acquisition Tracking and Synchronization
Intersatellite Link.
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ORIGINAL PAGE g
OF POOR QUALITY
TASX REPORYT

PLANNING ASSISTANCE FOR 30/20 GHZ COMMUNICATION PROGRAM

NASA CONTRACT NA3-22461, TASK 6

INTRODUCTION

Under the requirements of NASA Contract No. NAS3-22461,
Task 6, Western Union was tasked to review and critique
specific technology developments requirements and de-
velopment approaches used by the technolcj)y contrac-
tors, as well as the development progress. The inputs
to this task were the initial set of reports and pre-
sentations submitted to NASA in November of 1980 and
additional reports and presentations submitted up to

May 7, 1981.

Tecnnology readiness contracts have been awarded in
five major areas, all elements of the spacecraft de-
sign. Each contract calls for a systems study and
design effort and a "proof-of-concept" (POC) model
whicn will demonstrate the transferability of-the paper

design to hardware. The five areas are:

. 30 GHz Low Noise Receivers
. 20 GHz Power Amplifiers
. Satellite Switched - Time Division Multiple

Access Switches




. Baseband Proressors ORIGINAL PAGE g
P
. Multi-Beam Antennas OOR QUALITY

Three sets of contracts were awarded in the 20 GHZ

Power Amplifier area:

. GaAs FET Amplifiers
. Impatt Amplifiers

. TWT Amplifiers

In addition to the review of the contractors effort