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This paper preserls an overview of the stans of perisent
techaplegies lor the ground segment of commuandications
satellite syspemd, 1 is derived from the 199798 NASAMER
sponssred commeercal communications satellite study of
techoodogy, markets and services It is recognied thad dbe
ground system techpology is often mors impoctaml thar Chat
of the satzlfites, cepecially &5 satellibes are incrensingly be-
img weexl o prowide services ditectly to the emd-customer. The
current state of technnlogy For several classes of ground ter.
minals &5 reviewed, This includes Very Sl Apertace Ter-
minals (WEAT) for Ka- and Ka-bands, Telewissen Recsive-
Cirily (TVROO Termmals, hapdheld termdnals, porable and
enihile lermanaly for sdimediz and begisess ase, adrbame
arxdl ship-bogne lecminals, huts and gasewsys and milicary
=S ENE

Eeywords.  Satellite  commupicaisens, carth  fermimals,
YWEATs, hiehs, gateways, mobiks termanals, hand-held termi-
naks

L. Introduociion

This Paper reviews the slatus of technologies for the
ground segments of communications eatellibe systams.
It 15 based on material from the WTEC Panel Report
Global Satellite Communications Technology and Sys-
tems, December 1998 [1].

In 1992 the National Aeronautics and Space Admin-
istretion (NASA)Y and the Natonal Science Founda-
tion (MSF) commissioned & panel of US satellite en-
gineers and scientists lo sludy international satellite
R&D prajects in order to evaluate the long-lerm pres-
ence of the Tlaited States inthis indusery (2], In the five
years since that study, the satellite communications in-
dustry has hecome an even larger industry than most

Spoze Comevsedzations |6 (OG0} 125177
TE5M 9242635 5500 & 2000, 105 Fress. All nghts resenved

had predicied, increasing from $11 billion in 1997 t
520 hillinm in 1996. Far from being supplanted by fiber
or other communications networks as some saggesied
would happen, saicllile technologies and aschiteciures
are expanding as more countries establish communica-
tions satellite capabilitiss. With the echnological ad-
vancements of the industry and its worldwide growth,
MASA and MEF commussionsd a panel in 1997 1o ag-
date the earlier study snd also extend the scope to in-
clude additional countries. This stedy- included also
poicy apd regulatory Bsues [nal are becoming incraas-
ingly immporant o this global indesry,

This paper will highlight changes since the previogs
shudy conducied in 1993 and emghasizes developmenis
that are hoth new and imporcant

While the hundeeds of satellites have been the sym-
bbisl of progress in zatellite communications, the mil-
lions of ground terminals in all frequency bands rep-
reacnt am equally profound achievement. The ground
sogments now comprise a large portion, if not the ma-
jority, of the wtal cost of a new system. Satellites and
terminals kave wnded w be indepeademly produced,
supgesting that they are in foct independent (with no-
1able exceptions), But in recogniion of their sipnificant
percentage of system cost, the rlidionship of satellite
system design and termimal design - and ultimately
terminal oot — have become more opealy recognized
and debated. Design activites for pecsonal and mohile
conpsumer-orsated systems thal demand low cost ter-
minals are limgely responsible for the increased visibil-
ity of this imiportant pricciple.

Mluch cost onented terminal desipn bas been taking
place since the 1993 swudy, and iz implicit in the matt-
ration f maobile aad i:trﬁl:rnal syslems, The zams prin-
ciple must be employed in the fature for consemer and
busincss user Ka-band mulimedia sysems. An aspect
of the terrmingl design consideration is the need to ex-
ploit the cost versus quantity relationship [3].

The anticipated continued growth of VSAT ner-
worics and satellite television broadcasting, and the in-
trovduction of personal and mobile systems and direct-
b-user-services, Wngether provide & broad basis for an-
ticipating a wery large future market for satelfite com-
munications erminals. In general, cost will decline
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Fig. b Evalution of sarellite terwimals i wenéer of nminals, apeency snd sies (1 965-2007)

a5 o function of large quantities, lower frequency and
amaller size. The orginal US ground temminel st An-
dower, BMaine emploved a stesrable folded borm, 54 m
in length and a corresponding aperture of approsi-
inately 26 m. A folded horn resembles & cormucopin;
and the Ardover horn is. in faci, a beginning point
of inspirational source for all saiellite terminals. Fig-
upe | depicts the present and predicted futare popala-
tions for five classes of werminals discussed inthis see-
tton, This chart depicts the evolutionary trajectorics
quantity, size and frequency space, flowing out of the
Andover horn, Duantites resch o the millions Tor
several classes. The figere summarizes both the acoeal
history and a future projection.

Wlajor trend-making werminal classes with ftues im-
pact are discussed in this section. Several classas, in-
tluding news gathering terminals, are not discussed.

. ¥YSATSs

Very small aperiure terminals (VSATs) have exten-
sive uscs in business and government and are antici-
pateid to have expansive roles in future Ka-band sys-
temz. WS ATs are here considerad 1o include a tranzmat
capability, Small recerve-anly terminzls are a separate
CHIBEOY.

In developed countries, the ability o bypass exist-
ing infrastrisctures with a private network has achieved
cast savings. In less developed countries, the possibil-
ity of establishing a distance-insensitive, madeast cost
network, using a satellite cransponder with VSATS and
a hub glatson, enables many cost-effective applications.
The broad gencrality of VSAT wees and applications
will enablbe continwed worldwids prowih

2.1, Ku-band VSATs

The majority of VEATS operate at Bu-band. The
worldwide number is difficult to determine with any
precision, We estimate that by 20040 there will be at
least SO0 two way YEATs worldwide, Considenng
the needs is Acia, Africa and 5. America, the nomber
should easily double within ien years.

While Ku-bard 15 allocated for Axed service, an ale-
borpe Ku-bapd VSAT exists and there has been much
aciivity i developing airbome receive-only smay an-
iennas, Historically, C-band WEATs wers allowed
through introduction of spread spectrum signaling that
prevented interference {due 1o broad beamwidib of C-
band VSAT:) 1o adiacent satellites. Similarly, OBNI-
Tracs is & mobile (vehicular) servics (at Ku-band in the
United States and Burope, at C-hand in Latin Armner-
ical I may be that similar gpread spectrem techniques
will allover introdwction of airborme YSATS in Ku-band.
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Fig. 2. WSAT izrminal quahity asseranoe tesl range {Hughes Mework Sysiems)

The YSAT consists of an outdoor gnit-aatenna wilh
o nise amplifier (LNA) and power amplifier located
at the feed to minimize fine loss, and a MMIC fow
noise down converter — and an indaor uni [down con
verter and dighial electronics that vary depending on
the application). With the advent of large quantity pro
duction, VSATs may be integrated from parts avial
ahle from many sosrces. Much experience is needed
for volume production of high relishility units. Fig-
wre 2 shows a group of VEAT outdoor units at Hughes
Metwork Systems being operabed o azsure relishiliny
before shapment.

22 Ka-band VIATY

A number of Ka-band systems are planned for pro-
viding wider bandwidth {>10 kbps to 100 khps) amd
‘wide bandwidth' (~1.5 Mbps (o 155 Mbps) services
to small VSATS {~45 cm to 60 cm diameter anlenngs).
These systems are hazed on providing video confersn-
ing, privale "imMranet’ Services, telemedicme, @leeda-

eation, ditect two-way Internct access and multimedia
communications of the future, As described, the sys-
petne are @ new type of fixed satcllite senvice (F55).

Many of the envisioned services and applications
would be offered to the private or home user. Thers
is. broad conscpsus that the VEAT termminal for con-
sumer apglication must be carefully engingered for a
total price o the consumer of 1000 ar less. Systems
providers are engaged in defining means for accom-
plishing this goal. While details are proprietary, it ap-
pears that the cost goal is within reach.

Rocently, & user terminal with a 1 watt {27=31 (GHz)
GaAs MMIC amplifier using 0.1F pm InGaAsiGoAs
peuedomorphic HEMT technology. was reported by
Hyunidai, Korea

The husiness weer terminal would be expected o
access satellite capacity with higher burst rates and
simultanceusly sarve multiple mdividuals, for exam-
nle, ot ene bosiness location or facility, Because of
the business application, service to multiple users, and
other factoes, the business terminal would be somswhat
larger and higher i cost. Flanning estimates have sug-
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gested oot poal of wboat § 100000 for the business ler.
minal. The business Ka-band terminal could use many
of the comporents developed and produced for the pri-
vitke or home wse terminal, therehy realizing benefs of
alarger production base, To reach the cosy goals, appli
cation of the raditonal learning curve of cos) versus
cumlative manufaciursd guantity must be recoznized
and creatively applied [3].

An example of an muliimedia VEAT design which
is innovative yel sensilive o cost s under stady by
KDD. A bd-directbonal {ransmil and receive) muliime
clia servics s envisioned with a +6 cm aperiure receiv-
g & 40 Mbps ttme division mualtipies {TDM) wave
form wansmited by a T meter hob, The retorn link
(from wser o hub) would be 128 kbps binary phase
shift keying (BPSK) chitped (for low cost) to spread
the enargy over a 500 kHz bandwidih

Terminals for systems such os Teledesic that use
lower pltitede orbits imoroduce the problem of *han-
dowver” (from one ratellite 10 another) during nsession
Ackioving Tow cost terminals would seem to reguire a
single anlenna apecture and rapid handover glso sug-
gests phased array antenmas,

2.3, TWRO (Teievision Receive-Only) termsinals

Because of the compeiling natare of video, direct-o-
user sofellite delivercd relevision is possthly the most
important medium ever produced for mass communi
calbiens; and mass communrications is achieved only be
cause of the low cost receive-only termingl (TYERCH.
Televisson receive-only stations mow outvumber all
other types of terminals, with highest popalations in
Morth America, Borope, sand Asia.

Bu-hand relevizion receive-only stations ame now
proliferating in the United States, Burope and Japan
iSome of the faclors for this patiern are outlined be-
low.} The typécal TVROD antenna is about 46 cm in di
ameter. A LMNA followed by a block frequency down-
converter produce an of signal al a microwave intesme-
duate frequency (IF) suitable for transmission through a
coanial cable. The low noise block converier has been
tuags produced in the form of a menolithic microwave
indegrated cirenit (MMIC) This device has become the
masl widely produced microwsave compopent in his-
tory. The [F signal is delivered 1o an indoor onit {usu-
ally termed a ‘setwop box” in digital television applici
tions). The set top box selects the appropriate carrier,
procestes the signal and converts it 10 analog form foe
pressilaton. Dhgital wlevision has become sconom-

Kwoln, Janas, Juns 1897

Fig 3. Satelfite 1eievision receive.only terminals s Japas

bcal due to compression algonthms that allow 100 o
mare telzvision channels per carienransgondser,

The lechnelogy Tor prodecing the TVRO terminale
13 well established and costs have been drven down by
mass production, World totals are shown in Fig. 1.

Dristribution of analog welevision signals (e.g., to net-
work affiliates, cable head-ends and hotels; education
syabems, sporting or other news cvents; and for mnjor
nebwork progrean distribution) remeins & commen use
of satellites. The number of terminala for this type of
w18 pgwan dithicult o estimate (bt 35 likely o be on
the order of 10000 in the Unived States). Within the
Umnited Siaies, avatlabakity of these downlink sjgnals.lfpl_
C-ham'.j led o ko cost “hack }':'.'rli' antennas Tor pri-
vade was) the mumber of these s almost 2.0 million, and
i decreasing due to the availabikity of digital TWRO:
#l & fraction of the cost of the lafger onzlog units.

When digital broadeasting was intreduced in Japan,
1k rumber l}!'djEFI:a:l TR parehieed répched g mal-
Tion within six months. The anfonens are s soail thal
they do ned violate colteral concerre For clarty wnd
order, and may be scen oday throughour Fapan, This
15 an important observation, because the moliimedia
home or personal terminal wall be of cimilar 2ize and
umﬁgumli:m, amdl therefore will have no jm]:lr_'dir_r_.{:nt
to broad application. Some private TWERED aniennas in
use in fapan are shown in Fig, 3.

2.4, Hardreld terminaly

The dream of a handheld terminal for satellise com:
munications seemed distant a5 recently as 1990, Bt
unaginalive application of wechnology developed for
usi im ather comexis produced sysiem designs enabling



WT. Brandon asd CE, Mahls ¢ By wecknology trends - Ground enminals 127

Pt ki she WSAT
RETY

=
P wih Evigiral Anpbyua

|-"-\.\_\_
; }
7

-
e

-

ol
'
’

ibsermm
Coaba Tagrepal {1095

bl el

Higimm

Fig. <. Handheld and highly posebde communrations soslline renminds

hamd hedd vobee erminats.! Hand held datn ierminals
have also been created for litle LEQ dals sysiems.
Chrbeosmm serminal designs have been compleie for
geyernl FEATE, Hand held satellite terminals are aor yel
i large volume {compared to ervesirial mobile) pro-
dietion,

The homd held wrminals designs for voice are baing
dessgned and produced for market trials beginning in
1998, Drata terminaks are nod yet in volume prodeciion
buat e available as engineering models from mulisple
sources. The hand held data and voice werminals are
cxemplified by dato lemminals for Odbcomam, and e
Motorols Iridium handser, lusirated in Fig. 4.

Vinalvam 15 sadd 10 have becs S'.l.a,ﬁ_l‘"ﬂtli b coeveentaoral lemes
trigl cellular technnlopy Giaiellites provide moving wulls w0 reluively
fixed mohdle vsers) and Slobelsar combamey COMA celbalir o
phooe fechrology and hiph performaace phisernl amay componRems
devaleped ol SHE mililarg use. Boih sysiems incerporale other sig
cificam macvaions o well.

Acsmall transportobée terminal for use with store and
forward micresats ites (i.c., typically 50 kg onoweaght),
bt prodisced by the Sumey Satellite Besearch Cen-
ter at Univessity of Surrey, UK, is also illusicated, (The
store and forwasrd link datas eate with the Surrey mi
crosatellites i tyvplcally 10 kbps, and abour T30 kilo-
bits can be received in a single satellie orbital pass.)

The terminals concepts ia the center row of Fig. 4
are based on the ubigquity of personal compuaters amd
ralated technology, These terminal concepts may use a
compuier & the inpuvoutput device (.., for compos
ing messapes and displavieg received messages), be-
coming & samllite terminal by addition of a small ap
pligque fox, similar to an “owtdoor unit® for a V3AT,
or the ff fumctions may be integrated 1o produce ter
mbnals that resemble lapiop computers, Al S-band and
bower frequencies, i is feasibie 1o intsgrats o honcdbweid
gatellite terminal with a handbeld, compwter-like de-
vice or palm-lop compader o creste an Cinformation
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appliance’, 1ailored for a specific information deliveny
and use. While such instruments have nod yel appedred,
they may soon emerge in conest of cellular or LEG
satellites and offer a Jow-end competitor 10 more ca-
patle, advaneed molti-media satellite femminals which
1 laplop computer as the inputfoutput device, Some
of these terminals incorporate a voice capability and
are highly portable bat are not considered “handheld”
for purposes of this discussion,

Globalstar hamdsers ame fermed vser terminals o
UTs. Beflecting the mult-rooge philosoply, there are
3 types of UT: Globalstar only; Globalstar & GEM;
ardd Globalstar, GSM & AMPS, Qualcomm is design-
iag and buibding the hapdsets; Ochitel {owned by Ere-
suon) will buald handsets in The UK in addition to sap-
pliers in Ialy and Korea, The CDMA pans are deliv-
ered by Qualcomm; the power amplifier chip is made
in Japan, Cumently the GEM/AMPS parts are jodned
with a CDMA phone, with no integration excepl for
battery, microphone and hesdphone, Inemabon will
follow Bnter (functions on singhe chips, same data raes,
eie.). UT software comes fom the terrestrial cellu-
lar phomes applications. A2 5 also rue for Iridiom,
the Clobalstar gatewsy sofiware has taken major large
pieces of code from terresirial base station software.

The Globalstar LT iz light and hes 2 deployvahie.
dual guadreifilar helix tvpe anenna that most be held
vertically. Doppler effect is compenszated for between
gateway and satellite. Prediclions help the UT o ac-
quire the signal quickly. Call setup is via o random ac-
cess channel; after & connection has been established,
all control information is transminted via the commu-
nications channel, including the power control (update
rate, order of seconds). The CDMA handset couald ben-
ehit from miniatwre flter techaology realizing lower
cul-gf-pand emissions and also from a moee efficien
high power amplificr (HPAY. Filters for the out-pf-band
emiszian problém are difficull for COMA, in particular
for a higher power nuiomobile unit.

3, Portable and mobike terminals for multimedia
& business use

Satellite-based muliimedia service for the consumer
is an importent part of the business plans of many
of the Ka-band systems mow under consiruction. This
has developed 4% an important actrvity since the 1997
study. Research programs like ACTS, Japan's program
in highly intelligent communications, Taly’s TTAL.-
SAT, and the European DIGISAT, ISIS and MMIS

projects, demonstrate that the feastbifity of satellite-
based imeractive mulimeds seraces, are laying the
necessary groundwork, The development of pornable
and mokbils terminals for thess applications showld pro-
cecd rapidly along an evolutionary path since — ex-
cept for reducing terminal size and cost — few hardware
changes iInnovations are involved.

A1, Japanese activities

Maobile multimedia satellite service 5 an imporiand
research aren in Japan, Japanese researchers are look-
ing at all aspects of nepworked multimedia communi-
carons, of which satellites and sarellite terminals are
but ope part (Fig. 53 Japansse research imcludes bagh
direet satellite systems (Fig, 6) and cellular syatems
supporied by satelhites (Fig. 7).

Ome of the missions of the Japanese ETS-YVII satel-
lite (2002 launch) is o provide Internet services for
b le wiers, Planned experiments will iest e-mail, file
rramsfzr, World Wade Web, and videoconferencing be-
pwesn miebile uwiers and aetwork computers. Figure &
and Table | indicate the general concept of the program
and indicate some of the parameters, respecively. The
terminals will wransmit approximately 20 W and oper-
ate with 10 m class antennas on e soacecrall.

Multiple access is a key issue in satellie muliimse-
dia terminal development since the earth saticns con-
not hear cach other’s uplink transmissions and the net-
work cannoed rely on the camier sense multiple access
(CEMA} protocols commonly wsed in terresirial lo-
cal area networks (LANs )L The ETS-VIIT eaperimental
terminals will be atle to sebect both random and reses-
vation ALOHA schemes.

Large Japanese companics like Fujitsu are aware of
the commercial possikilities of satellite multimediz de-
livery and already offer integrated voice, data, and im-
age in theie WEAT systems. {These probably wall be
extemded to mobile and portable applications. Fujits's
1996 annual report describes the company as aggres-
sively developing its network based multimedia busi-
NEss. )

KM i developing on ulira small Ku-band USAT
antenna largeied for multimedia servicss, coming to
Tapan early in 1998, PerfecTV has already introdoced
digital IXBS; DhreePC alen has been intradsced, but
it wses the PETM for the reiumn path, A& bi-disectional
{all satellite} multimedia service iz covisigned with
a 46 cm aperture. A 2T MHz ransponder will sup-
ol a 40 Mbps QPSK time divinion multiples (TDM)
wave form iransmitied by & T meder bub, The refum
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link (from user o hub) would be 125 kbps, using a mission in 20°C air Use of TDM muliple sccess s
chirped hinary phase shift keying (BPSKE) wave form. anticipated and will produce a low duty cycle.

The chirp is used to spread the sneegy over a 50 kHz

bandwidth and is sufficient to prevent interference, al- 3.2, European gelivities

lowing for a (.57 pointing errof for a home installaton,

with 3° orhit spucing, A | W rangmitter will be inte- Furopean companies and laborsories are also de-
gral to the outdoor unil, designed for contineous trans- veloping multimedia satellite systems and planning
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pertable and mobile services. The SECOMS/ABATE
projects, deseribed o the pansl by Alenta Acrospazio,
have as their objectives 1o manelaciure . . eehicakir
land-mobile and aeromanical terminal protodypes |

using elecironically steered amray antennas ... [and]
(0 demensirate the feasthility of brosdband mebme

din satellite services .. .

fior maobile users with fexible

data-rate assignment’. SECOMS/ABATE will ‘defins
an ndvanced spellite system configuration, envisaging
portablefmabile terminals to cope with varions edVi-
romments and for individualicolective use'. Figurs 9
illystrages the proposed refwork architeciuse and inddi-
eates some of the anticipated data rates.
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Laric parameters for ETS-VII mabde mulisiedis sepeniments
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Airborme and shipborne terminals have conlinued Lo
row in population i an increasing roe. Thess ter-
manals might be considered an Imermediate class be

teczn ‘personal’ (ndividaal, single user) and the more
maditional larzer FAS werminals aol associated with a
;'uanin:'uJar USET o grovip ol wsers, In any case, aithome
J.III'J !‘n]'!i]l“ltlrlﬂ.: !E._Iilﬁrlqlﬁ are I'.||J|!'|. ]rr.r.‘-l:lrtul.ﬂ'. m rh:.m
selves and possibly as indicators or precursorns o the
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larger market included widhin the category of mohile
systerms (MES).

In Yapan, KD s doang particalacly interesbng work
on array antennas for mebile applications. A low poo-
file is achicved uwsing I layvers of slightly overlad
patch radiators. The 3 = 3 aray performs at both
2.3 and 1.6 GHz, as both iransmil and receive, and
was fested wath ET5-Y, The anienna uses a cooven-
tignal beam-fomming retaork; for more paclormanee,
am Aclive |;||',|ﬁ:;|.'1|. array would be weed, The second-
generation model 15 3 single aver with pwo elerment
sizes on a igh dieleciric substrare. The axial ratio was
rot salisfactory, and a third gencration model has been
constucted, Similar to inverted-F, multiple short pins
abwove each petch allow the sizes o be reduced to al-
st half, the patches con then be lakd owet withowt
mverlag in groups of four (iransmit amd receive for each
bandy. There are 13 analop phase shifiers {9 clements
« 2 freguency bands), dipiadly controlled, and pack-
aged into o small bow, Transmit power is 750 mW per
element.

Ao thard areay antenna, wargelsd foe 100 and the
Ja‘.'pum:.u: E.l.pmi.l:lr:nla] Salellite I:ETS-V[[I:I. usey
quadrifilar helix radisting element. The antenpa will
hawe 12 elements arranged in o irionguler grid pattemn
{with corner elemenats misasimg from the grid), The feed
electronics were packaged o four lavers (for case
af further evolutionary changes), Diplexers comprise
the first layes; LMAS the second layer; an analog beam
forming network (BFM) the third layer; and down con-
verters im the fourth layer. A design change 15 being in-
trivluced 1o substituie & digital beam forming retwork
for the analog BEN, The feed nefwork has ome, twa
or three culput poms, The antenna has 16 beam posi-
tions (switchable). Use of TDM downlinks might al-
bonw bzams for two satellites. While IOD will use & kh's
hnksfuser, thin rowts FES multimedia is anticipated o
Operabe st G4 ki, regquiring abowt 10 dB more gain,

[nmarsat meintains a record of commercial zincratt
having ferminals snstalled, As of the end of 1997,
there woere 256 installaijons, The 1|:|'.|__i-:rri|;}- of thess are
3 channel uoits on large amcraft that allow passen-
ger elephone service, Infassat type qualifies lerminals
and there are a number of centfied eeming providers,

Inmarsnt plse mainaing records of ship terminal
commissions, As of the end of 1997, there wers 500687
Inmarsit shipboard terminzls in service, Improved,
lower cost technology and competition have each both
helped 1o lower the cost of Inmarsat airborne and ship-
borne terminals. [Lis perbiaps significant to note that the
service provider originally ordered 200 ghip terminals

'_'r' I'I 'E"—:' I
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o apeculation, parily with the intention that a large

prder wouald encovrage tooling for guantity and other
cosl saving approaches for tenminals, This decision not
orly male o termanal prodwet available But also beld
the il price o S5O0, This is an hstoocl exam-
ple of a creative ex plodtation of the cost versus guantity
Telannship,

The mare important development in airborne ver
minals g the suecessful production of phased arrays
at Buw-band for aircralt, by Boeing. A photograph of
ibe loay profile Bocing Ku-band phased array is shown
in Fig. 10, which also mcludes a fow cxamples of
other airborne and satellite phased aray antennas from
arcund the world, This st is by 1o means cxhaus:
tivee. An oveslosked aspect of phased asray antennas i%
ther use in synthetic aperture radars being Aown on
satellites. The activity for corth obscrvation is syner
gistic with communications salellite apphcations (e.8..
requiring manufacture of large numbers of efficient,
small, and reliable aray elaments).

The compienepion: antepmd allow recephtion af
RS wher= satellit: L:I:I'I.'EF.EEE' |_:-t|1'|'lilx ij £, 1,:|,|rr|:r|||:!.'.
thete 15 nal a lot u.l'cuvurugl.' orecr Gosans where 1t m ip_h!
be moat usefol o aidipes). Corrent svstems woald sue-
gest two way aithorne terminals sl Ka-band, however,
the cost asseciated with current techpolopy may slow
the spread of such lerminals. The altemative is 10 gme
ploy Yower goin arrays either made possible by howsr
altitode systems (g2, Teledasic) or enabled by soll
higher effective radiated powers (EIRP) GEO sawel-
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fites. In any case, development of airborne arrays at
Kua- and Ka-band wiil be an important area oF fsture
development,

&, Hubs and gateways

A "hub” is a large aperiure terminal thai is used as
a central network control of smaller terminals (g,
VEATs). The bub pssigns runsmil and receive chanp-
nels, momibors iraffic for bilbng purposes, relays mes-
sages belween YEAT: (f required) and connecis the
VEATs 1o other media, When the other mediam i the
public telephore system or anather saiellie svsiem, the
hub is functioning as a ‘gateaay®,

Ciateway lerminals have been inherently designed
o the fabric of mearly all personalimobile and lit-
ile LEO data'messaging satellite systems. The ratio-
nale for this §s 1o allow coantry by couniry connec-
tiom ti the local responsible government post and tele-
graph (FT&T) authority or independent carmier, The as-
summpiaon 15 that calls or messages will likely ormginare
oF lermingte al telephones, witl 2 mobile wrmimal ac
the ather ead of the link. The gaieway therelfore pro-
vidies both a telephone interface and a central point for
traffic monitoring for local killing. This rationale also
applies when 2 mobile terminal & an both ends of the
link. The possibility of revenue genersiion also creates
lobally distributed inverest and podentiol panicipetion
i Aimancing the overall system.

Sinee the Inmarsal consortium has 31 pasticipating
coumtries and INTELSAT has 165 signatenies, cach
persoralimaedabe system has the potental of about one
hundred pateway stations. Since the personal and mo-
hile systams use Jow and medivm orbis, multiphe satel-
lives may be in view and each gaieway siation may
have multiple termimals. Many Ldium gateway sta-
tions have five astennas. I was determined by analy-
sis that for Globalstar gateway locations, 3.1 antennas
were nesded on average, S0 wsually four antennng weare
provided. Gateways are under constroction around the
waorkd for Iridivm, Globalstar and Crbeomm. Gateway
technalogy is no problam, and no mejor mitiatives are
needed, Most of the pateways conploy US echnology,

Multimedia Ka-bapd aystems may employ hubs
{e.g., for Intranets) and gateways for ennched connee-
tivity, Alibough typically regional m geographic fo-
g, thess systemms have multiple country coverage and
the same rationale for gateways as the global systema,
Hubs and gateaays typieally employ ~4 to 10 m an-
tepnas, The antennas and all other radio frequency

components are available & existing prodocts (feeds,
LMAsz, HPAs, froquency converlers). One distinetion 15
ihe requirement to irack moving satellites for syscems
using lower orkis. This has not been tvpieal for geo-
staliomary satellite eystems ond places a new mechan-
ical designireliability requirement on the gateway ter-
minals, which must be ultra-relishle due to the central
rode they perform in communications, Badar antennas
provide some yseful experieace and echeology: and
redundant hackup or 2 gingle spare antenss por gnte-
way will aliow high gateway availability.

6, Military terminals

Aq important recent changes of direction in US mil-
wtary satellits communications has bean the congres
siomal direction to emphasize the use of commercial
systems. Changes in the world situation and evolv-
ing defense roles have resubted in oreview of termi-
mal performance characterisnes, A significant invest-
meend exists v the form of UHE (3000250 M), SHF
(577 GHz), and EHEF (42720 GHr) military terminals,
masing a sudden shifi o commercial use both diffi-
cult and costly. "se of commercial sysiems’ would
seam o imply uge of comiercial terminals (1S5, C,
Ku-band). In parteular, commercial systems can nol
b wiewed as 'in place’, sines locatiops of military op-
erations are wncenain and maneevering of forces re-
quites cither ransportabls or mobile werminals,

For ground terminals, an alternalive concepd is 1o
provide termipals capahle of operation in any of sev-
eral frequency bands (e.g., €, X, Ku). The operaticnal
advantoge is the ability o employ multiple satellites in
amy location due o the high population of commercial
sabellites. Advanced versions of such “tri-Band” termi-
nals have lower waight, volume and cost than the singls
band terminals they are o replace. An important devel-
opment achieved by L3 Communications is sm antenna
fead capable of operaling scros the C through Ku-
bands without adustiment oF change of components,
A photograph of an antenna with this feed is shown in
Fig. 11.

Introduction of o global broadeast system st Fa-
band will result im 3 need for receive-only terminals
for ground, aireraft and ship applications, The quantity
of such termuinals will depend more on the wse of the
broadeast channel and consequent organzational jev-
clzs using the broadeast informaton. The swecess of da-
reci broadeast satellite television and low cost reciave-
only terminals will likely lead ultimately w0 broad use
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Fig. I, L3 commasscetions astenna incnrpomting propnesany very sideband fred.

and a large population of terminale. Plans now call
for seceive-only terminals; specific information mus:
b requested via other communications systems (La.,
rather than via o direct satellite uplink from the recesve
terminal k.

Aoneed w0 address satellie replemishment for SHE
and severe budget constrainis has led (o planning siud-
ies suggesting the possible future use of Ka-band
A Ka-band system would make possible & two way ter-
minal that might closely resembie the Ka-band mul-
timedia YSAT, Proximity of commercial and military
of government Kiband frequency allocations suggesis
the possibility of a shored techaology and production
base, thus offering a promise of cost savings.

Govermment needs, particalardy military applica-
tions, require mobale and aithorne capablity, Presently
plannad Ka-hand commercial systems have two po-
tential problems in this regard, namely coverage and
adaptabality for such mobile users, The commercal
eyelems aré wrmed st population centers of highly
developed countriss, wheress humanitarisn snd mil-
itary operations hestoncally have been most often in
undeveloped areas, precisely where coverage is not
planned. This apparent disconnect between the com
mercial plans and government needs is discussed in
b papers presended ok the 1997 Third Ka-band Ut
lization Conference [4]

A culting E:!lEE izsue will be mrborne termmmale.
A vanely of considerations point to phased amays as
the appropriate choice but current pain reguirements
demand large numbers of amay elements resulting m
high costs, Further evolution of systems bo allowr lower
cost antennas and to facilitaie mobile terminads weas in-
dependenily suggested in the two popers at the Third
Ka-band Utlization Conterence |4,

7. Conclasion

The T T challenge lor commenciial Sysiems 15 the
achievement of low cost of production 1o encourage
rapid imarket development. This applies to both mo-
bile/personal systems and o multimedia WVSATs. In
parttcular at Ka-band, low cost microwave componsnls
auch 2% solid state amplifiers {1 w0 5 W rf power) have
i be developed befose marks: success 15 likely,

A major chollerge 15 to achieve high performense
aithorme amennas @ redoced cost, Frogress inre-
ceive arrays for Ru-band GEO sysems is encourag-
ing. However, extension o low cost ransmit and re-
ceive ameys for Ka-bund nithoree applications nesded
for both commeraial airkines and government'military
uses remains a challenge, A similar airbome terminal
challengs (high performance/low cost) will exist for
LECHM L) systems.
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Since systems design can in prieciple bundle many
cotbinations of services and data, delernining the as-
sociated combination or set of teeminad features that
can both be produced within cost goals amd achieve
the required mearker appeal may prove the critical chal-
lenge determining the economic success of many =ys-
IBMMS.

A general challenge to governmentfrmlitary (eromi-
nals 1% mteroperability with allies. Inroduction of the
use of commercial bands will not ease the dimen-
sions of this long standing interoperability problem.
A specific challenge for military terminals is 10 pro-
vide the requited festures without extensive redevel-
opment of commercial products. The advent of con-
sumer oriented satellite communications together with
reificed defense budgets greatly diminishes opportuni-
ties for technology leadership through innovation for
military terminals, Innovation is expected o come for
ihe commercial tepmials; however, thers will remain
militasy fearures and requirements that may not be sat-
isfied witkowt targeted or fooused development

Interaperability fEatures of handheld teominals arc
important. Terminals having several modes, such as
one safellite and one serresinal cellular stamdard, ore
expecied, Bui more diverse functionality may be both
highly usefu] and & market differstiator (for handsct
providers), "More diverse Tunctionality” refers 1o the
possibility of being able 1o operate 1 more than one
satellite sysiem andfor more than oae cellular sy=tem,

The continting improvement of digital eomponents
freduced feature size, lower voltoge oparation, process-

ing power, softwnre hbrares) due 1o advances in the
computer industry will offer much of the raw materal
needed for handset inpovation and muli-mode func-
tiomality, OFf course, selection of particular technolo-
pizs and adapiation and specific develogment for er-
mimals wall be required, Improved amd inpovative vi-
sual displays will seggest changes in sarvices (2nd in-
crewses in link data rates) and again challenge terminal
designers 0 schieve low cost, even with the addition
af displays or other media feamres.
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