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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION PLANS FOR SPACE COMMUNICATION TECHNOLOGY

ROBERT E. ALEXOVICH

National Aeronautics and Space Administratjon
Lewis Research Center
Cleveland, Ohio 44135

ABSTRACT

{n January, 1973, a declslon was made by
the Natlona! Aeronautfes and Space Administra-
tion (NASA)} to de-emphasize space communicatlons
research and de-slopment, A re-examinatior of
that decision and an assessment of its conse-
quences has resulted In a decision by NASA to
increase signiflcantly its space communications
activities.

A program plan is presented for a space
communjcations application utilizing the
30/20 GHz frequency bands (30 GHz uplink and
20 GHz downlink)., Results of market demand
studies apd spacecraft systems studies which
significantly affect the supporting research
and technology program are also presented,
along with the scheduled activities of the
pragram plan,

INTRODUCTION

_ {n January, 1973, a decision was made by

the Natlonal Aeronautics and Space Administration
(NASA) to significantly reduce Jts space communi=-
cations research and development effort, Sirze
that time, a number of position papers have been
pub!ished (refs, 1,2, and 3) which have addressed
the Tmpact of the reduced activity in space
communications by the NASA and have recommended
that the decision be re-evaluated, A re-examina=
tion of thst decision and an assessment of its
consequences has resulted in a new commitment  to
increase NASA's space communications activities.

A program plan for NASA's renewed'space
communlcations activities has been established.
The goals of thay plan are:

!. To enable growth in the capacity and
effective utilization of the finite and valuable
resource - the radiofrequency spectrum,

2. To develop technology focused on en-
ablting overall redugtion in communication service
costs.

3. To serve as a catalyst to the creation of
nety and Tnnovative services for the public good,

These goals provide a basis for a highly=
focused five-year plan, A major element of that
plan consicts of the development and testing of

“enabling technology required for a space/ground

system for trunking and direct-to-user applications
using the 20 Gz and 30 GHz allocated frequency
bands, The plan for the 30/20 GHz program (30 GHz
uplink frequency, 20 GHz downlink frequency) Is
shown In Figure | and includes systems and market
studies of potentlal operational systems, a plan
for a technology verification flight test and ex-
perimental operations, and a suppoiting research
and technology development plan.

BACKGROUND 5STUDIES
Market Studles

Two market studies were conducted to develop
demand forecasts for commurications sarvices In
the 1980-2000 time period, to characterize the
demand by user type, size, und demographics, to
project custs of terrestrial and satellite systems,
and to forecast the satellite share of the service
demand. The studies were performed by the U.5.
Telephone and Telegraph Corporation and Westetn
Union, and are reported In references 4 and 5,
respectively, Study results signiflcant to the
development of a supporting research and develop-
ment program are I(ncluded in the foliowing dis~
cussfon, Current on-orbit and planned satellites
operating nominally in the 4«8 GHz and 12-18 GHz
frequency bands (C and Ku bands, respectively} will

-occupy a significant fractfon of the useable gec-

synchronous orbit by 1982, as shown in figure 2,
Further, It is expected that these satellites will
occupy all avallable orbit slots by 1990, even with
closer satellite spaceing of 32 (4,5° s currently
ysed} and increases in data-bandwidth efficiency
(Bit/Hz} usage of avallable transponders, The ]
probable satellite market capture is projected to -
excead capacity by the 1990-1992 time period., The
development of the 30/20 GHz bands for satellites
can significantly increase commintcat tons capacity
because these bands offer the opportunity for the
use of low sidelobu, multi=narrow-beam antennas to

- achleve large-scale multiple reuse of each orbital

position and freguency, To be competitlve, however,
the development of satellite systems in the 30/20
GHz fregquency bands must achieve very high end~to-



end accass avallability, from 0,9995 to 0,9999,

To achleve this availability, the component and
subsystem roliabillties must be high, and tech-
nology must be develeped for dependable gparation
in o propagation media that Is characterized by
large signal attenuations due to raln (ref, 6).

Large costs are assoclated with central office
factlities and terrestrlal talls {(access 1links) In
large trunking systems. This tends to ruke direct-
to-user appllcatlons appear attractive, although
because of the high ecosts per unit bandwldth, a
market has not vet been ldentified which would
support such a service., The direct~to-user appll~
cation is stili being investligoted,

Systems Studles

Studies of operational systems concepts for
commupication satellites operating In the 30/20
6Hz frequency bands were performed by Ford Aero-
space and Cormunications and Hughes Alreraft
Company ard are reperted Ih references 7 and
8, respectively. The purpose of thesc studies
is to define operational systems concepts for
trunking and dircct-to-user applications, to
fdentify critical technology needs, and to esti-
mate systems costs. The operatfonal concepts
dafined for hoth applicatiens are too numergus
to parmit detatled descriptions here, but all the
concapts were designed for quadrature phase shift
keyed (QPSK) digital transmission with a bit
error rate (BER) of from IxI0™% to 1x107°, and
they ail utilized multi-narrow-beam antenna
systems.,

The trunking cencepts, shown In Flgure 3, are
based on the use of multi~-beam antenna systems
with ten 30 GHz frequency uplink beams orlginating
from ten majar trunking sites and ten 20 Giz fre-
guency downlink beams, one to each of the trunking
sltes, Spatially diversified earth terminals are
used to minimize outage due to rain atcenuation,
Two connected ground terminals, soparated by
several kilometers, are unlikely to be simylta-
necusly subjected to significant rain attenuation,
The trunking configurattons differ primarily. in
the methods of interconnect between the input low-
noise amplifiers and the output high-power ampli-
fiers, For fregquency-division multiple access
(FPMA} the method of Ipterconnect s by means of
hard-wired channel Fllters with varlous types of
output high-power amplifiers used 1o amplify
single or multiple channels., Complex multiplexing
is used between the oulput amplifiers and the
downlink feeds. The time~division multiple access
(TRMA) trunking concepts which were developed
improve satellite capacity utitfzation and provide
flexibility in dypamically adapting to changing
compunication rates between trunking sites. The
nethod of interconnect 5 by means of a svitch
matrix which provides a sequence of unequal time
interconneat conflgurations, The switching may
be done at an intermediate frequency or at base-
bapd frequency. The baseband switching configu-
ratlons require the additienal complexity of
demodulat fon and modulatfon In the spaceeraft,

This complication, however, Is offset by advan~
tages in bit stream regeneration and offers the
potential advantage of 1imited storage,

The direct-to-user concepts, deplicted in
figure ki, differ slightly from the trunking con-
cepts, #n these concepts, the space antenna
system employs 25 overlapping beams to cover the
contiguous states, Also, unlike the trunking
concepts, In which one separated palr of ground
terminals per beam Is used, there are many termi-
nals within the coveroge pattern of each beam in
the direct~to-user concepts. Beyond these differ=
ences, the FOMA and TDMA trunking and direct-to-
user goncepts are essentlally similar, Link
characteristics of these concepts are summarlzed
in Tables | and ().

Critlcal technalogles ta support the opera-
tional concepts were Identified by the systems
studles as spacecraft data handling, low-noise
amplifiers, high-power amplifiaers, antennas, and
ecarth terminals,

SUPPORTING RESEARCH AND TECHNOLOGY

Tha supporting research and technology devei=
opment plan for the 30/20 GHz space communicatiors
program has the followiny objectives:

I, To provide technology advances for radio-
freguency speatrum reuse and increased geosyn-
chronous orbit utiltizatlion,

2., To decrease development risk for opera-
tional systems. :

The philosephy of the supporting research and
technology plan is to develop experimental hard-
ware in each critical technology area and to con-
duct procf-af-concept tests of the hardware. It
is intended that the experimental hardware will be
suftably packaged te permit test operations in a
represehtative space environment, and that the
proof-of-concept tests will demonstrate satisface
tory performance In that environment. This pre-
cedure 1s plapned for all critical technology
arcas except-for the antenna, in which case suit-
able envirenmental similation does not appear to
be practical,

The schedule for cach development activity Is
ptanned to provide a technology data base to sup-
port the detailed design and development phase
{fig. 1) of the 30/20 GHz space communicatlons
program, ~ Therefore the schedule for each activity,
including proof-of-concept testing, is to be com-

pleted by the end of Flscal Year 1982. A schedule

of deliverable experimental hardware has also been
established to support a parallel in-house testing
program at the NASA's Lewls Research Center, The.
In-house program will provide valuable added in-
formation about systems performance and i{mplemen~

‘tation Josses by testing the experimental hardware

in combined configurations.



Spacecraft Data Handling

The supperting research and technology plan
for spacecraft data handling provides for the
devalopment of elemants which can be used to In-
crease connectivity (system end-to-end access) and
utilization of spacecraft communicatlon capacity.
Approaches are planned to support both direct-to-
user and trunking applications, but the fatter will
be emphasized based on market study projections.

" Development of experimental hardware and proof=
of-concept tests, as shown in figure 5, are planned
for an intermediate~frequency 10 by 10 switching
matrix for trunking, The matrix will connect any
set of 10 inputs to any set of 10 ocutputs, This
activitly Is to be initiaoted in Fiscal Year 13979
with two parallel one-year study contracts., A
follow-on contract for fabrication and testing of
the switching matrix will be awarded to one of the
firsteyear contractors, In addition, technology
studles for bit streom processing and full-base-
band processing will be started i4 fiscal Year
1980. Dercdulation and remodulation of the bit
stream will be used with regeneration. In a more
complex form, onvboard processing will be perform-
ed usling inforration contained in the bit stream
formats. Approaches using full baseband proces~
sing (ref. 9} are currentiy being studied,

High-Power Ampliflars

The operational concepts Jeveloped by the
systems studles identified 20 GHz amplifier radic
frequency (rf} output power requirements from six
Watts to one kilowatt for down]|nk operation. As
Indicated In figure 6, the contractual program for
this technology area calls far the development and
testing of both traveling-wave tube (TWT} and
solid state amplifiers, The TWT amplifier develop-
ment to be inftizted In Fiscal Year 1979 wil!l pro-
vide a multi-mode TWT with a maximum saturated rf
autput power of 75 Watts., The TWT (ref, 10) will
be optimized for linear operation to permit mrafti=
charnel amplification, and will incorporate a
multi-stage depressed collector for high efficien-
cy along with an Impregnated "M'-type cathode de-
stgncd for a 10-year life. [Development of the
supporting power processing system for the TWT
amplifier will be started In Fiscal Year 1980.

The development goal for the solid state power
amplifiers will be from one to 20 Watts of rf out-
put power at 20 GHz frequency. The planned appli-
cation will be far single chanhel operation with
required bandwidths from 275 MHz to 2.5 GMz, Par-
allel developments of GoAs FET ampiifiers for
wider bondwidths and |MPATT amplifiers for the
narrower bandwidths are planned. The solid state
dévelopment will be divided Into three phases -
device, power combining clrcuits, and power amplj~
flers, The development will emphasize Jong life
and high efficiency, with the deslqn 1{fe ob;ectlve
being 10 years,

Antennas

The spacecraft antennas are key elements in

the effort to achieve efficient Frequency reuse
and increased geosynchronous orbit utiliration.
These goals can be achieved by using narrow-beam-
width, multi-beam antennas that confine rf iilumi=
nation to small regions of the contiguous United
States {CONUS) rather than full Earth or full
CONUS coverage. This then permits increased use
of the fraquency band by other antenna beams. The
satellite trunking antenna systems defined in the
systems study concepts produce 10 spot beams for
uplink reception and down}ink transmission at

30 GHz and 20 GHz, respectively, The uplink and
downlink functions may or may not be assigned to
scparate antennas. Yhe required half-power beam
width (HPBW) for these antennas as determined in
the systems studies Is 0.3 degrees. The satallite
direct~to~user CONUS antenna systems defined in
the systems studies use 25 beams of one degree
Hpew, Sidelobe suppression of 30 dB is required
to achjeve high frequency reuse, For the trunk-
ing systems, all the major trunking sites cannot
be discriminated without the use of polarization
Isolation, To limit co-channe! in:erferencg to
levels that achleve a bit error rate of 10

(ref, 6), polarization isolation greater than 25
dB Is required,

As shown in figure 7, the spacecraft antenna
supporting research and technology development
plan is to be inftiated in Fiscal Year 1980, The
first phase of that effort consists of concept
studies for the lens, reflector, and array
approaches, Two approaches wil] be selected for
the deve lopment of model prototype antennas and
testing.

Low=Noise Amplifiers

Two approaches for the development of uplink
low-noise amplifiers at 30 GHz frequency will be
started in Fiscal Year 1980. As indicated in
figure B, both GaAs FET and parametric low=-noise
experimental arplifiers will be developed and
tested, Dellverable units will be provlded in
Fiscal Year 1981 and proof-of-concept testing
will be conducted in the Fiscal Year 198182
time period,

Minimum bandwidth requirements for the am-
plifiers are 2.5 GHz, The development goals for
the GaAs FET amplifier are o 4.5 dB noise figure
and gain of 8 to 10 dB, and the corresponding
goals for the parametric amplifier are a 3 dB
noise figure and 20 dB8 gain, A life requirement
of 10 years will be emphasized,

Ground Terminals

High~speed modulator-demodulators {modems)
will be required for TOMA operation, Carrier and
bit stream lock will have to be maintaiped to
achieve a maximum bit error rate of 10°° at a bit
rate of 2,5 gigabits per second. The modems wiil
be required to operate with spatially-diversified
ground terminals for both uplink transmission and
downlink reception. |n addition to the high-speed
modems , the ground terminals will require high-
power TWT's with rf output power levels of three



to five kilowatts at 30 GHz frequency for uplink
transmission,

The supnorting research and technology effort
for the high-specd moden development will begin
in riscal vear 1981 with the delivery of experi-
mental modems planned for late Fiscal Year 1982,
High-power 30 GHz TWT development will be started
In early Fiscal Year 1982 with the delivery of
the first experimental TWT scheduled for mid-
Fiscal vear 1983,

CONCLUBING REMARKS

HASA has resumed its space communications
activities, and a highly focused five year plan
has becn prepared to implement that effort, A
major element of that plap consists of the devel-
opment and demonstration of enabllng technology
to provide a space communlications capability in
the 30/20 GH7 fregquency bands.

Market studies have been conducted which
project that € and Ku frequency band satellites
wilt Fill all avallable geosynchronous orbital
slots and that demand will exceed available commu-
nications capacity by the 1590-1992 time period.
Achieving end-to-end avallabllities of 0,999 and
reliable operation in a propagation medla that is
characterlzed by large signal attenuations due to
rain puts large demands on technology.

Systems studies have defliped concepts frr
operational trunking and direct-to-user appllca-
tlons, The concepts presented approaches that
achleve muitiple reuse of each orbital position
and frequency by the use of low sidelobe muiti-
narrow-beam antennas., Critical technology [tems
to suppart the operational requirements are space-
craft data handling methods, low=noise amplifiers,
high-power ampliflers, antennas, and earth ter-
minals,

A supporting research and technolegy plan
has been prepared to aid in the development of
the technology to use the 30/20 GHz frequency
bands for satellite operational systems and te
minimize system development risk. A contractual
program for the development of satellite switch
metrices, solid state and traveling-wave tube
amplifiers, multi-beam antennas, low-noise para-
metric and GaAs FET amplifiers, and ground ter-
minal modems and high-power amplifiers has also
beep prepared. This plan provides for the devel-
opment of experimental hardware in each critical
technology area and also provides for proof-of=-
concept tests of the developed hardware., This
activity, when completed by the end of Fiscal
Year 1982, will provide a technology data base
to suppart the detailed design and deveiopment
phase of the 33/20 GHz commuinications sateillte
program,

7.

10,
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Figure 3. - Systems studies operational trunking concepts.
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Figure 4 - Systems studies operational direct-to-user concepts.



FISCAL YEAP

PROGRAM ELEMENTS 1979 | 1980 | 1981 | 1982 | 1983

SWITCH MATRIX
ANALYSIS & DESIGN r
FABRICATION & TEST (SUB-MATRIX) i
DELIVER SUB-MATR IX Qo
FABRICATION & TEST (10 x 10 MATRIX)
PROOF-OF -CONCEPT TESTS
DELIVER EXPERIMENTAL MODEL o

BT STREAM PROCESSOR
ANALYSIS & DESIGN -
FABRICATION & TEST omg
REDESIGN & FABRICATION P
PROOF -OF -CONCEPT TESTS
DELIVER EXPERIMENTAL MODEL <

BASEBAND PROCESSOR
ANALYSIS & DESIGN -
FABRICATION & TEST —
REDESIGN & FABRICATION
PROOF -OF -CONCEPT TESTS
DELIVER EXPERIMENTAL MODEL

[

MODULATOR & DEMODULATOR
ANALYSIS & DESIGN

FABRICATION & TEST —C——

DELIVERY o

Figure 5. - 30/20 GHz frequency bands supporting research and technology spacecraft
data handling schedule



FISCAL YFAR
PROGRAM ELEMENTS 1979 | 1980 | 198: | 1987 | 19%3

TRAVELING-WAVE TUBE AMPLIFIER (TWT)

GUN & SLOW WAVE STRUCTURE DESIGN
MULTISTAGE DEPRESSw. COLLECTOR DESIGN
FABRICATION & TEST

FABRICATE PROOF-OF -CONCEPT MODEL TWT gy
DELIVER PROOF-OF -CONCEPT MODEL TWT e
PROOF -OF -CONCEPT TESTS

TWT POWER PROCESSOR SYSTEM
ANALYSIS & DESIGN

FABRICATION
DELIVERY o
i INTEGRATION TESTS —y

0 GaAs FET AMPLIFIER

DEVICE INVESTIGATION & SELECTION
POWER COMBINER DEVELOPMENT E
DESIGN, FABRICATION, & TESTING

DELIVERY o

PROOF-OF -CONCEPT TESTS i
IMPATT AMPLIFIER

DEVICE INVESTIGATION & SELECTION

POWER COMBINER DEVELOPMENT H

DESIGN, FABRICATION & TESTING

DELIVERY o

PROOF -OF -CONCEPT TESTS e

Figure 6. - 30/20 GHz frequency bands supporting research and technology high-power amplifier
schedule,



FISCAL YEAR

PROGRAM ELEMENTS

1979 | 1980 | 1981 | 1982

1983

ANTENNA DEVELOPMENT

CONCEPT STUDIES

LENS

REFLECTOR

PHASED ARRAY
SELECT CANDIDATES
FABRICATION & TEST OF FEEDS
FABRICATION & TEST OF APERTURE
FEED & APERTURE TESTS

it

Figure 7. - 30/20 GHz frequency bands supporting research and technology

antenna schedule,

FISCAL YEAR
PROGRAM ELEMENTS 1979 | 1980 | 1981 | 1982 | 1983 |

GROUND TERMINAL

CONCEPT DEFINITION Sa—

POWER AMPLIFIER DEVELOPMENT e

DELIVERY o

MODEM DEVELOPMENT em————

DELIVERY O

PROOF -OF -CONCEPT TESTS e
LOW NOISE AMPLIFIER

GaAs FETIPARAMETRIC AMPLIFIER DESIGN| s

FABRICATION & TEST

DELIVERY 1

PROOF-OF -CONCEPT TESTS 4

Figure 8. - 30/20 GHz frequency bands supporting research and technology ground

terminal and low-noise amplifier schedule,
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