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ABSTRACT

4ASA Is conducting o serles of mlllimeter wave sat-
alltte communication system and market studles to:
{1) determine potentlul domestlc 30/20 GHz satellite
concepts and market potential and (2) establlsh the
requlrements for o suitable teghnology verificatlon
payload which, although Intended to he modest In copa~
clty, would sufficlently demonstraie key technologies
and experimentally address Key operatlonal [ssues.

The first task is being addressed by four contractor
studlas which are nearing completion, Two satalllte
suppiiers, Ford Aerospace and Hughes Alrcraft, are Jn=
dependently addressing the system Issues while two
service suppllers, 17T and Western Unlen, are [ndepen-
dently addressing the market issues. The second task
Is to be the subjlect of future contracted studfes which
will be Inltiated during the spring of 1979, This
paper describes preliminary results and critlcal Issues
of the current contracted effort. Also Included [s a
descirfption of a HASA-developed multibeam satelllte
payload configuration which may be representative of
concepts utillzed In a technolegy flight verifleation
program.

INTRODUCTION

NASA, as one element of a recently-develaped flve
year program plan, Is Jn the process of laying the
foundatlon for a new 30/20 GHz sate))ite communications
research technclogy and demenstration effort. Although
the Inlttal efforts are directed toward the mil)Imeter
wave area, [t |s expected that the technology developed
can be extrapolated to the lower freguency bands In
which commerclal services are currently or soon will be
offared, At present, four contractual studles are
nearing completion which speclflcally address the 30/20
GHz bands, Ford Aerospace and Hughes Alrcraft are per-
forming Independent system studies to evaluate the
capablilty and cost of 30/20 GHz systems. ITT and
Western Union are performing Independent market studles
to gftlmate the demand for 30/20 GHz systems Tn the
1990's,

These studles are part of a new long range compre-
hensive effort by NASA to (1) Identify the critical
Issues invelved In commerclal utlllzatlon of sate)l!te
bands, (2} develop and carry out a research and teck-
nology program which wlll resclve these Issues, and (3)
if necessary, develop and fly o modest satel}lte com-
munications payload to provide fndustry the opportunity
for experimentation in new frequency bands and with new
services,

30/20 GHZ PROGRAM APPROACH

The 30/20 GHz program plan 1s [1lustrated In Flgure
1. Currently, Phase | [s nearing completion with Ford
Aerospace and Hughes Alrcraft performing the system
studles and [TT and Western Unlon performing the market
studles, A preliminary review of the Phase | effort
was presented to industry and government representat|ves
In November. A simllar detalled review of the final
contract results Is planped thls spring. It Is expec-
ted that thls cooperative effort wlll result In a con-
census of probable 30/20 GHz operatlonal satelllte
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system concepts together with thele ultimate market
potentlal, In additfon, a 1lst of critlcal Issues
Involving technolegy, operations, and markets will be
developed,

In the discussion to follow, It [s assumed though
not yet establlshed that a fllght payload 1s required
and that crltlcol Issues can be resolved with a com-
munications satelllte payload with relatively small
rapacity. The raqulrements for such a demonstratlion
program would be developed Tn Phase [1, where the
critical Issues will be examined oiid experiments de-
flned which will resolve these Issues., [t [s antlcl-
pated that the experimental program wlll consist of
both ground and space tests. The space experlments
wiil be further separated into groups that can be per-
formed In low earth orblt and groups that are more ap~
propriately performed at geosynchronous altitude, The
requirements of a satelllte payload will then be de-
fined which performs all the necessary geosynchronous
experiments. The design and development of the fllight
payload and Integration with a sultable bus wil! ba
conducted fn Phase t1Il, Follewlny this will be a
government/Tndustry experlient perlod in Phase IV which
will be focused on resolving the critical Issues lden~
tified In Phase §, Commercial Intreduction of service
in the 30/20 GHz bands would occur as the service de-
mand develops,

CRITICAL 30/20 GHZ {SSUES IDENTIFIED TO DATE

Through the current studlfes, several issues or con-
cerns have already been {dentifled. One of the over-
rlding concerns Is slignal attenuatfon due to raln, For
commercial applications, the avajlability of the com-
munlcatlon system to the user must be predictable wlth
a confldence sufficient for suppller/consumer contrac-
tual purposes. This requlres a thorough understandlng
of the rain attenuatfon derived from a signlflcant
statstlcal data base. For the 30/20 GHz bands, con-
slderable data on fade statlstics has been taken. How-
ever, only limlted data has heen generally made avalla-
ble and considerable dlsagreement exlsts among propa-
gatlon speclallsts as te the lmpact of raln fade In
these bands. Flgures 2 and 3 show selected comparisons
of estlmates of fade statistlcs for various reglons of
the .8,

Flgure 2 compares several attenuatlon estimates wlth
experimental data obtalned from Comstar and ATS-6 bea-
cons, At 0.01 per cent outage, the estimates differ
by 25 dB or more. The fade at 0.01 per cent 1s signl-
flcant no matter which estimate s usad, and 10~35 dB
of system margin would be required on the downlink If
a rellability of 99.99% wlith respect to ralp fade Is
to be malntalned.

The same reljab|lity can be obtalned with less mar-
gin If ground-station diversity |s employed at each
site, Physlcal separation of the ground statlons In
this way provides a measure of statlstlcal independence
which Improves with the separation dlstance. Flgure 3
shows a comparlson of raln attepuatlon stat!sties for
duat statlons and the single statlon statistics from
which they were derlved. The single station statlstlcs
for Atlanta were estimated using a proposed CCIR tech-
nlque! and a fundamentzally different technlque developed



at Virginia Tech?, Assuming the statfons coan be sep-
arated sufficlently to ensure statistical ladependence,
Joint statlstlcs con be computed from the single sta=
tlon CCIR statistles os shown., An alternate method of
Hodged can also be used to develop jolnt statistlcs and
this has been done using tha single station CCIR statls-
tlcs as shown.

A third method of developing Joint statlstles ac-
counts for the varlatlon of correlation between sta-
tlons as a functlon of rainfalt rate, fGenerally, one
assoclates large fades wlith very intense raln cells
whilch tend to be small, 5o It seems reasonable that
one could select a separation between terminals whigh
would signlficantly reduce the 1ikellhood of both ter-
minals belng In the same Intense ralp eell, However,
there is a recognfzed phcnomenn? that the cell size
varies inversely with rain rate. At low raln rates
(under 5mm/hr), the call slze can be 10Km or larger,
At higher raln rates {above 100 mm/hr) the cell slze
Is general 1y under 2Km, Thus, the raln rate Is likely
to be correlated at low raln rates evon thpugh the
separatfon may be as much as 10-20Km, In the lower
frequency bands, this would be of no copsequence since
rafn attenuatfon at Sem/hr Is insfgnfficant. However,
far the 30/20 GHz bands, Smm/hr of raln can coause
5~10 dB fades depending on the mode] used to predict
the fode. Consequently, for the lighter raln rates,
the statlons may not be statistically Independent and
may exhiblt the same statlstics as a single station,
An attempt has been made by Hughes te account for this
partial correlation and the results are shown in
Flgure 3. MNote that for the low values of attenuation
the Jolnt statistics approach the single station sta-
tisties, This model indlcates a very rapld trend to-
ward Independence wlth Increasing raln rate {increasing
attenuatlion). These Impllcations will be further ex-
amined as the studies progress.

Comparing these three statistical attenuation ap-
proaches, one finds conslderable disagreement for the
Joint statistles ~ nearly as much as there was in the
case of single station statistfcs, Thls uncertainty
in raln fade assessment will contribute a significant
uncertalnty to the probable commerclal conflgurations,
Perhaps the more recent COMSTAR data wlll resolve these
questions and provide a generally accepted assessment.
If not,.there will 11kely be a need for propagation
experiments as part of the communicatlons satelllte
payload.

Whatever the assessment, [t appears that dual sta-
tion terminals will be requlred to achleve highly re-
llable communlcations. Interconnecting these diverslty
statlons can lead to sligniflcant added cost If It Is
deslred to provide these Interconnects at the full al-
located bandwldth., Figure 4 shows a comparison of cest
estimates of various methods of providing the Inter-
connect, Currently, terrestrial microwave 1Iinks would
be the favored method of Interconnecting these stations.
However, by 1985 the cost of optlcal flbergulde |s ec-
pected to be significantly lower and could be a conten-
der for this applicatlon, In any case, Flgure 4 shows
that terminal Interconnect costs can be 2 significant
contributor to total system costs |f It {s necessary te
provide the full allocated bandwldth., [t also shows
that for a glven capaclty, It is least expensive to
provide the Interconnect at the Th leve! Instead of the
T3 level,

Another Tssue arlses [n the use of multibeam tech-
nology., Past studles indlcate an apparent advantage In
the use of multibeam technliques In the 30/20 GHz bands
due to Increased satelllte antenna galn as well as
spectrum conservation?.

Figure 5 shows the results of an early assessment
of this effoct. High galn antennas are used to.direct
small spot baams onto each ground s{te. This leads to
lower power and potentlally less expensive satellites,
in additlen, the spectrum can be reused allowing for
Improvement of capaclty. Even In the two node case
shown In Flgure 5, the estimated cost per duplex link
1s jowar than current costs. The sltuatlon Is Improved
as the number of beams Increases although the rate of
Improvement 1s slower as the number of beams approaches
10. Of course, the satelllite would not be fully utl~
1ized over Its Vife cycle as assumed In this flgure,
Hewever, one can approximately account for thls and
other missing operatfonal factors by Inflating these
costs by a factor of 2-4, Even so, the resulting costs
appear attractive. These trends are being re-examined
as part of the current studles and the network size ls
belng extended to 40 spots,

Many network configuratlons are beifng evaluated and
Flgure 6 indlcates a typlcal 10 node network based on
current trafflc trends. Note that some beams are Tso-
lated and Interference between these beams |s no prob-
lem, However, for thls case, since cltles In the
notrtheast corrldor and on the west coast are quite
close, interference between beams can arise depending
on the attalnable antenna performance. This problem
hecomes more signiflcant when direct service to a
larger number of cltles Is desired. The evaluation of
future traffic growth indicates that additlonal clties
of Interest would also be located in the northeast cor-
ridor, further aggravating the Interference potentlal,
This conciusion Is a direct result of avaluatlion of
current traffic growth tronds which are axpected to
continue.

Whatever the optimum network slze, the resulting
Interference can be minlmlzed by deslaning the S/C
antenpas for low sldelobes and good scap performance.
Flgure 7 shows an estimate of performance for a par-
tlicular antenna conflguration, An east-west and a
north-south cut of a typlcal beam Is shown for the case
where the beam [s scanned 3 degreess off axls, In this
case, a 4,3 meter offset cassegraln antenna having an
f/D ratlo of about 1,1 was assumed. From these curves,
ohe can expect good sldelobe performance to be main-
toiped over the U.5. wlth such an antenna. Howwver,
1t stl1} may be necessary to provide for further Iso-
latlon of adJacent beams {n the northeast corrldor and
on the west coast by using cross palarlzation discrim-
Inatlon or possibly frequency discrimination, Polar(-
zatlon diserimination Is preferred because of the at-
tendant frequency re-use capabliity. It Is believed
that polarization discrimination technlques can be
effectively used In these bands for raln margins less
than 10 dB on the downlIink and perhaps less than 20
dB on the uplink.

Even If all of these technlques are used, measurable
beam-beam Interference wlll be pressnt which w1l causu
some degree of degradation. To arrive at an astimate
of thls degradatlon, HASA-Lewis has performed notwork
simulations and Flgure B shows the components used to
simulate the 10 node network of Flgure & which Includes
g 1lnk from Mew York to Los Angeles. In thls simulation
the worst interference case was considered., Thls was
Judged to be a 1lnk from Mew York to Los Angeles with
Washington causing upllink coechannel Interference and
traffle to San Franclisco causing downlink cachannel
interference. The level of thls interference would be
reduced by the sldelobe performance of the antenna but
would nevertheless produce a measurable degradation iIn
BER performance, AdJacent channel Interferers are also
shown and these allow a determipnatlon of channe] spa-
cing effects. Intermodulation effects were not Included.



With the selectlon of three channels per TWT, the In-
termadulation products can be placed sufficlently far
away from the desfred channols that they are easlly
filtered out. Therefore, for this case, thls effect
was disregarded and the satellite was treated as a
lInear channel, The results of this simulatlon are
shown In Flgure 9. The uplink nterferer levels were
varfed from =15 to =30 dB while the downllnk Inter-
ference was set constant at -30 d3. The selectlon of
=30 d6 for the downiink is conalstent with the much
greater separation between beams on the west coast,

The combinatjon of beam separation and polartzatlon
Isolatlon should eas!ly meet thls geal. in contrast,
the Washington and Hew York City heams overlap and
polarizatlon discrimipnation must provide the bulk of
the isolatlon., Therefare, for the uplink, It I3 ap-
propriate to examlne a varlatfon on the Isolatfon since
here it Is more uncertaln as to what Isolatlon Is at-
talpable. The simulation Indicates that for a BER of
1076, sufflclent spacecraft power must be provided to
maintain an E,/W, of 14.6 dB 1f no less than 20 dB
!solatlon 1s obtained on the uplink, Only about 0.7 d8
of 5/C power can be saved by Improving the isolation on
the uplink In excess of 30 dB, Even If both the upllink
and downlink isolatlon were as much as =40 dB, only an
additlonal 0.2 dB power advantage would be obtalned,
Apparently, for only two Interferers, the adjacent
channel Interference and the Iintersymbol interference
dominates the degradatlon from Ideal performance {about
3 dB of degradation). Slgnificant additional degrada-
tlon enly occurs when the uplink Isclation is less

than 20 dB,

With more cochannel Interferers, which occurs for
network sfzes larger than 10 nodes, more lsolation
would be des}red. For example, a 12 node network was
also examined and In that case a 1,5 dB power advan-
tage was obtalned when Impraving Tsolatlon on the
upifnk from -20 to -30 dB.

This beam=beam interference wlill 1imit how closely
one can place beams. As the number of nodes Is In-
creased, one must depend more on beam sceparation teo
achleve isolation since polarlzation Tsolatlon can only
be used once. Other nearby beams must be [solated
through sldelobe rejection and, hance, must be physl-
cally separated. At 10 nodes, tr:ffic trends are such
that two beams would touch (NY clty and Washington).
This cannot be improved slgniflcantly wlthout using
much larger apertures than are already assumed, The
10 node case of Flgure 6 assumed the use of 4,3 meter
aperture, pearly the maximum that can be fltted into
the shuttle orblter cargo bay., Thus, these spots are
about as small as one could make them (assuming large
unfurlable antennas are not practlecal at thls frequen-
cy). Beams tc other areas cannot arbitrar!ly be added,
Instead, they must be placed according to trafflc de-
mand. Moreover, as more beams are added, the traffic
in the additlonal beams would become so 1lght as to
make the economic Justlfication of dliversity stations
questionable, Thus, these constraints, taken together,
will limit the maximum number of beams per spacecraft.
Consequently, there will be an upper limit to the
frequency reuse obtalned in thls way, In splte of
this lImitation, the capacity of these inultibeam satel-
11tes can be many times greater than current sateilltes.
This ralses the question of haw best to match these
large capacity systems with known trends In traffic
growth, Even though the egonamy-of-scale effect might
pers)st to 50 beams or more, this effect Is of little
value If the traffic pattern Is not such that all 1inks
are not fully utillzed.

A typlcal varlation of traffic density between nodes
as a function of the numbar of nodes In the network is
shwon In Figure 10. The ratlo of the required capa-
¢ltics of the maximum trafflec tink to the minjmum traf~
flce 1Tnk In tha Hew York City beam varles from about
5t1 in a 10 node network to about $2:1 In a 40 node
network. The ratlo of the required capacitles of the
wmaxlmum traffle tink to the mintmum traffic fink In
the spacecraft varles from about 25:1 In the 10 node
network to about 188:1 in a 40 node network. With
such varlation In traffic omong the varfous links, an
equal divislon of bandwidth among nodes would result
In an extremely undar-utlllzed system,

This varlation In requlred capacity ralses the issue
of the best access/modulatlon method to use. From the
studles conducted to date, an FDHA configuration ra-
pldly loses attractlveness for more than 10 nodas,
TOMA offers more flexibillty [n that 1t can more ef=
flclently allorate spectral resources among nodes
having a wide varlation in traffic demand, and In
princlple this technique would efficlently provide for
Interconnecting the larger number of nodes without the
complexity of an equivalent FDMA conflguration, Even
s0, for the larger number of nodes, some 1inks may
have Insufficlent trafflic to justlfy the expense of a
diversity statlon. Therefore, there §s definitely an
upper limit to the number of nodes one would try to
jntercosaect if the users demanded high relfability.

The method of compensating for raln fades Is another
Issue to be reseolved. Diversity wiil be required but
even with divarslty, margins of as much as 10 dB may
have to be used to ensure reljable links., Ope way of
providing such a margin is to use a dual power mode
TWT. |t appears feasible to do thls wlthout a signl~-
flcant penalty in TWT efficlency provided one uses a
praperly designed depressed collector®, NASA-Lewls
Investigators estimate that In the hlgh power mode
stich a device would have an overall efficlency of
better than 37 per cent even with the TWT backed off
4 db. In the lower power mode, the efficlency could
be expected to exceed 22 per cent and thls alsc ip-
cludes a 4 dB backoff.

Alternatively, If the RF power required per channel
Is sufficlently low, s0l1d state HPA's could be used.
They may affer Improvements In rellability as well as
simplicity and compactness. However, they are not
expacted to be as efflclent as the TWT even when the
TWT 13 backed off. This could lead to 2 signiflicant .
spacecraft power penalty whenever the communlcatlons
power requlrement dominates the spacecraft power re-
qulrement.

Another alterpative ls to resort to bandwidth re-
ductlon or cading technliques durlng a fade. However,
since a 10-20 dB change would restlt In a significant
reduct{on of throughput, the methods previously
described are preferred at thls time,

Figure 11 summarizes these preliminary Issues.
Other Issues than these have arisen and by the end of
Phase | It Is antlicipated thut additional Issues will
be identlified.

A POTENTIAL 30/20 GHZ DEMONSTRATION PAYLOAD COMFIGURATION

lssues such as these {n Flgure 11 will be the basls
for a technology demonstration definition effort In
Phase |l. A hypothetleal demonstration conflguration
Is 11lustrated In Figures 12 and 13. Flgure 12 Indi=
cates the selectlon of coverage for the experimental
communicatlons payload whlch can only cover a small
portion of the U.%. The covsrage for e propagation
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experiment, |f required, Is not shown but preferably

it would allow CONUS coverage. The Jessor coverage

far the communlcatlon payload [s belleved to be suffl-
clont for the communlcation tests ond It would be slg-
nlflcantly leas complex and expensive thon a full U.S,
coverage conflguration, A set of seven contiguous
spots are Included as well as one Tsolated spot, The
seven contiguous spots would be representative of a
typical cell In & cantiguous beam system kaving exten-
sive frequency re-use as In a direct-to-user type ser-
vice. In such a system, each spot would have o separ-
ate portlon of the frequency spectrum and flltering
would be used to obtaln isolatlon within the cell.
AdJacent cells would depend on the sidelobe performance
for Isolation. The Jsolated spot would be typlical of

a trunking type system and con be used to determine
Isolation In both types of systems by asslgning to It

& portion of the spectrum comman to one of the spots
within the 7 spot csll, Thls isolation could be
determined for varlous separatiens and tha data used

to calculate the Isolation achlevable In trunking
systems or full coverage direct-to-user systems which
might conslst of 100 spots or more, Simultancously,
comuunication experiments could be performed wlith high
danstty traffic belng routed From the isolated spot to
any spot in the cluster. This would simulate high
density trunklng. Alternatjvely, lower density trafflc
corresponding to dlrect~to-user service could be routed
between the beams in the 7-spot cell. All this could
be achieved with the use of a fixed array of 7 feeds
and one movable fead or the selactlon of any elght of

a large array of feeds, This latter method has the
greatar flexibillty., The demoenstration of multibeam
techniques In this fashlon should have genaral utllity
and the results could also be applied to enhancement

of the capacity of the lower frequency bands, Such
tests and demonstratlons would provide englneering data
describlng typlcal levels of beam-beam fnterference and
system degradation due to interference. Such results
could be used to predict the results for almost any
configuration, At the seme time slaniflcant technoliogy
demonstrations could be achieved.

Flgure 13 Is a bloek dlagram of the total payload.
it Includes a multlbeam communlicatlons payload as well
as a 30/20 GHz beacon, The communications portlon
shows ope method of Interconnecting the elght spots.
And"In thls package, three recelvers are shown, one
of which Is provlded for redundancy. One recelver
would be used for the seven spot cell and one for the
isolated beam. Thls would maxImlize the Isolatjon
betwean recelved slgnals for cvaluation of beam-beam
Interference, For the same reason, {ndependent trans-
mitters are used on the downllnk.

An Bx8 baseband processor Is suggested In thils
concept, However, an IF processor could have been
used and in fact for an 8x8 conflguration, the [F
procassor would likely be an easler technology to pur-
sue. The cholce between baseband processing and |F
processing Is affected by the size of the network to be
Interconnected and the flexibillty in switchlng required.
If the current market studles show that a large number
of beams are not warranted, the preferred configuration
may bs an 1F processor.

In order to I1lustrate the Impact of this payload
on typlcal spacecraft, a hypothetical experimental con-
figuratlon §s shown in Flgure 14, In-house studles
indicate thils payload could be carrled aboard several
existing busses such as those used in FLTSATCOH,
IHTELSAT-V, SYNCOM JV, as well as the NASA MM5., For
Ilustration purposes, the payload is shown Integral
wlith an MMS bus. It includes two antennas, one each
for the uplink and downlink, B8oth are of the offset
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cassegraln type but of relatlvely long focal length to
dlameter ratio. As mentloned previously, a ratio of
1.1:1 appears to be sufficient to ansure good scan per-
formance over the U.5, The large maln reflectors are
posltioned on opposite sides of the spacecraft while
the subreflectors are nearer the center of the spaca-
craft nearly obscurlng the up and downlink feed arrays.
In this partleular concept, feed arrays are used so
that any elght feeds could be selected to perform a
particular experiment, As shown the slze of the an-
tennas dwarf the MMS bus, However, these antennas can-
not be made mueh smaller if one desjres to demonstrate
the generation and control of very narrow spot beams,
On the other hand, the antenna welght Is relatively

low and the tota] poyload welght Is within the capa-
city of all the aforementioned busses. Alternative
conflgurations Including these busses will be examined
In Phase |1 and 11f. The opproximate envelope for a
full scale 10 beom FOMA system [s also shown to 11Tus~
trate the potentlal growth, The weight budget iljus-
trated only applles to the experimental configuration.

SUMMARY

NASA 1s proceading with a comprehenslve assessment
of the commercial viablllty of the 30/20 GHz bands with
the objectlve of demonstrating the requlred technologles
and resolving the critical Issues [nvolved In operation
of mI11imeter wave satellites In the U.5. As a result
of this effort, NASA would provide the catalytle action
to encourage the introduction of spectrum conservative
commercfal millimeter wave satellite services. Thils
would offer an alternative to the expected congestion
and, perhaps, saturation of C-band and Ku-band systems
in the 1990's.
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PERCENT OF TIME ATTENUATION IS EXCEEDED
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PERCENT OF TIME ATTENUATION IS EXCEEDED
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ESTIMATED COSTS FOR 30/20 GHz TRUNKING SYSTEM

(Cost variation with number of ground sites for a rain reliability of 99.9)

*NUMBER OF GROUND GROUND COST PER LAUNCH MONTHLY COST/
GROUND ANTENNA coST SATELLITE | SAT. WT. cosT DUPLEX DUPLEX VOICE LINK
SITES SIZE, M SM M LBS. (VEH) /COST CAPACITY *% §

2 6.23 11.30 10.55 1877 (AC)/15.1 30,000 59.2
[ 4.89 21.45 11.44 2104 (AC) /151 60,000 34.7
6 4,31 31.76 11.81 2090 (AC)/15.1 50,000 26.2
8 3.96 41.63 12.35 2200 (AC)/15.1 120,000 21.9
10 3.69 51.87 12.61 2334 (1US)/25.9 150,000 21.2

* Two terminals per site (two-station diversity).

** Assumes 3 satellites, one on-orbit spare, one ground spare and ful) utilization of one satellite.
Price would be approximately a factor of 2-4 higher to account for actual utilization and other
operational factors.

FIGURE 5




ANTENNA COVERAGE FOR 10 SITE TRUNKING SYSTEM
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RELATIVE AMPLITUDE, dB

18 GHz ANTENNA PATTERN AT 37 SCAN ANGLE
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SIMULATION OF NY-LA 274 Mss QPSK
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MAXIMUM CHANNEL TRAFFIC/MINIMUM CHANNEL TRAFFIC

VARIATION OF TRAFFIC AMONG NETWORK LINKS
AS A FUNCTION OF NETWORK SIZE
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PRELIMINARY 30/20 GHz ISSUES

o PROPAGATION ASSESSMENT
- WHAT ARE THE MARGINS REQUIRED TO ACHIEVE RELIABILITY WITH
RESPECT TO RAIN OF UP TO 99.99%7?

- WHAT ARE THE OPTIONS AND MOST EFFECTIVE METHOD FOR RAIN

FADE COMPENSATION?

o BEAM-BEAM ISOLATION
- WHAT IS NEEDED?

- MINIMUM USABLE C/17?

o NETWCRKING METHOD

- FDMA, TDMA, HYBRID?

o MARKET ASSESSMENT
- IS THERE A MARKET FOR REDUCED RELIABILITY SERVICES?

- IS THERE A MARKET FOR WIDEBAND SERVICES?

FIGURE 11



HYPOTHETICAL 30/20 GHz EXPERIMENTAL
SATELLITE SPOT BEAM CONFIGURATION
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HYPOTHETICAL 30/20 GHz EXPERIMENTAL
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HYPOTHETICAL 30/20 GHz EXPERIMENTAL SATELLITE
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WE IGHT BUDGET, Kg (POUNDS)

ANTENNAS 113.4 (250)
COMMUNICATIONS & BEACON  136.1 (300)
POWER SYSTEM 27.2 ( 60)
COMMON MODULE 22.7 ( 50)

299.L  (660)
MMS 589.7 (1300)

889.1 (1960)
AKM & FUEL L67.2 (1030)
TOTAL 1356.3 (2990)
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