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INTRODUCTION

Telecommunications networks hageperienced arexplo-
sive growth intraffic overthe lastseveraldecadeslargely
due to a rapidncrease inglobal demandfor voice, video,
and data services. Developments in satellite-bfised and
mobile services, theadvent of optical fiber networks,
growth of cellular networks, themergence ohew stan-
dardsfor wireless mobileand personal communications,
andnew spectrum allocations haaé contributed tothis
ongoing informationand telecommunications revolution.
Significant growth hasccurred inthe cellular industry,
with cumulative annual growthates in excess of 30 per-
cent. Today there are more than 100 million cellplaone
subscriberavorldwide, compared t@pproximately 4mil-
lion users in 1988and the number isexpected to more
than triple by the turn of the century. Howewveuying the
same timeperiod, between 5@nd 60 percent of world's
population is estimated to live iareaswith no land-based

optical network (SONET), asynchronousansfer mode
(ATM), and synchronous digitahierarchy (SDH). Data
networks are moving frontraditional protocols such as
X.25 to more efficient, highespeedfast-packet protocols
such as frame relay. Dasmdvoice services are migrating
to the unified structure of ATM, which is a cell- packet-
based systenthat can efficiently carry voice, high-speed
data, and videinformation. Theconvergence ofoice and
dataapplications onpacket networks isdriven by cost
considerationsand the new multimedia applications. The
trend is towardSONET/SDH with ATM switchingform-

ing the core of a carrier network. Mobile networks are also
evolving from analog voice systems like AMPS digital
cellular systems like 1S-54 and GSM, and in the future to a
universal mobile telecommunications system (UMTS) and
IMT-2000. In parallelwith thesetrends, therdas been a
rapid evolution in satellite networks.

cellular coverageThe proposed satellite-based persona|Communications satellites have been traditionafigd for

communications systems (PCSgek toextend telecom-
municationsaccess tadhese areas. Bthe year 2002, the

global mobile satellite services marketeigpected to serve
more than 40 million subscribers.

Similarly for fixed networks, therapid growth in Internet
traffic requires anexponential increase intransmission
bandwidth. There is a seemingly insatiaémandamong
end users for newand enhancedervices, stimulated by
technology improvements th&tave allowed operators to
deliver telecommunications services atast up to 1,000
times lower than 30 years ago. Enormetriles in digital
technology and its applicationshave changedthe way

fixed services to provide'bent pipe” interconnections
between terrestrial networks, throughvery small aper-
ture terminals (VSATS), to end users. Recent groavdas
have beendirect broadcasand molile services. Direct
broadcastservices use relatively high-powsatellites to
distribute television programdirectly to homes (DTH).

For mobile satellite services, communication tagkge
between a large fixed earth station and a number of smaller
earth termials installed on vehiclesships, boats, and
aircraft. A good telecommunications infrastructure has been
recognized as a critical element for economic development.
Many developing countries which lack a domegtte-
communicationsinfrastructure have deregulated satellite-

information is generated, processed, stored, and transporté@dsed and other telecommunications services as a means of

The resulting informationinfrastructurewill profoundly
affectall facets oflife, in areassuch as electronicom-
merce, healthcare, education, @is management, and
environmental monitoring. Telecommunicationstworks
capable oftransportinglarge volumes of informatiorwill

stimulating and sustaining economic growth. For example,
a recent Internationalelecommunications UniorfITU)
report (March 1998) states that 75 percent of all communi-
cationstraffic today isprovided undercompetitive market
conditions,comparedwith just 35 percent in1990. The

form the arteries of this infrastructure. The use of commugrowth in traffic as world economies becortraly global

nications satellites at highbands (Ka-and V-bands, for

hasattractedmany privateandregional satellite operators,

example), where large bandwidths are available, provides awith several newsystems beingplannedfor operation

attractivesolution for rapid deployment ofthis broadband
wireless communications infrastructure.

TELECOMMUNICATIONS NETWORK EVOLUTION

As new services areeingintroduced,the publicswitched
telephone network (PSTN) is evolving to tharrowband
integrated servicesligital network (ISDN), synchronous

beyond the year 2000.

The INTELSAT satellite system provides the best example
of the historical evolution of a satellite network. For
example, the first generation of satellites (INTELSAT 1),
which was launched in 1965, could only support 2dig¢e
circuits or one blaclandwhite video signal. In contrast,
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the latest generation of INTELSAT satellitdSITELSAT
VIIl) contains more than 4#anspondersand provides a
traffic-carrying capacity o0f60,000 to 80,000two-way
telephone channels, together with multipldeo channels.
In parallelwith this impressivecapacity increase, global
satellite networkservices have evolvedward acomplete
digital network, accompanied byimprovements in the
quality of service. Thesadvancedhave been driven by the
need toincrease bandwidthtilization efficiency, innova-
tions in coding and compression techniques, theend
toward intelligent networksandthe overall digitization of
terrestrial networks.

Time-division multiple access (TDMA) techniques were
first applied in the early 1980's with the INTELSAT V
series of satellites, toncrease bandwidth efficiency.
TDMA is a very flexible technique in which information is
sent in bursts to the satellite intime-sequencethshion,
so that no bursteverlap when they due atthe satellite.
The duration ofthe burstscan be assignebased on the
traffic needs of eacluser. Satellite-switched TDMA (SS-
TDMA) operation wasintroduced inthe next series of
satellites (INTELSAT VI) toachieve cyclicand dynamic
interconnections among siisolated coverage beams—
further enhancing bandwidth efficiency and frexcyreuse.
Advances indigital device technology havenade TDMA
terminals low-cost, and easy to use and maintain.

terrestrial networks. Ultimately thdemarcation between
satellite and terrestrial networks will fade, and the resulting
seamless integration between the two systemsprolide

the infrastructure for a global information highway.

ADVANCED COMMUNICATIONS TECHNOLOGY
SATELLITE (ACTS)

Many technologiesdopted byemergingadvancedatellite
communications systems may bacedback to NASA's
AdvancedCommunications Technology Satellite (ACTS)
program. The ACTS system wdsveloped by GEAstro
Space (fotthe spacecrafbus), Motorola(for the onboard
basebangbrocessor)and COMSAT Laboratorieqfor the
ground segment) in the 1980snd the spacecraft was
launched inSeptember 1993. It has sinbeenused suc-
cessfully as a platform for numerous experiments and
demonstrations byJ.S. industries, universitiesgovern-
ment agencies, and foreign organizations.

The ACTS systemincorporates severaldvancedpayload
technologies thatlemonstrate new systewoncepts, in-
cluding the use of Ka-band spectr{&-GHz uplink and
20-GHz downlink), narrow spot beams wittheamwidths
ranging from 0.25to 0.75 (at 30 GHz), twoindepend-
ently steerable hopping beams for uplink and downlink,
onboard basebangrocessor (BBP), avideband dynamic
microwave switchmatrix, and real-time BBPcontrol by
TDMA bursts. TheBBP performs demodulatioand for-

an

Another significant development has been the emergence wfard error correction(FEC) decoding of uplink TDMA

very small aperture taminals (VSATS),locatedclose to
customer premises for thin-rouséed fixed dedicatedserv-
ices. These terminalsave traditionally beemperated as
single, fixed, assigned-bandwidth carriergith cost being
assessed on monthly fixed-bandwidth basis. Recently
significant progress has beemade indeveloping VSAT
productswhich can provide service toustomers at a cost
based on the use efpacity inbit increments. Foexam-
ple, the LINKWAY 2000™ technologydeveloped at
COMSAT Laboratories enables single-hopesh satellite
networks withswitchedbandwidth-on-demandervices for
voice, video, data, and multimedia applications. Unlike
conventional VSAT systems, systarapacity isallocated
for both circuit-and packet-switched traffic in a@ynamic
fashion, providing bandwidth oteemand.The systenuses
multifrequency TDMA toachieve venhigh efficiency and
flexibility in satellite bandwidthmanagement. In theear
future, systems likeINKWAY 2000 will provide ATM,
frame relay, ISDN, and Signaling System #7 (SS#7)
interfaces for state-of-the-art mesh network connectivity.

For the new satellitesystems, bothearth stations and
satellites musprovide enhancegrocessingand switching
so that the satellite networkare fully integrated with

signals, circuit-switching of individual 64-kb/¢raffic
channels, multiplexing, FE@ncoding,and remodulation
for high-speeddownlink transmission. The system also
providesdemand assignment dfandwidth for individual
calls, as well aglynamicrain fade compensation using
adaptive FEC codingndrate reduction. These features are
implemented by preciséiming coordinationamong the
Master ControlStation, referencestation, onboard BBP
controller, and user terminals.

In recent years, numerous experimeartd demonstrations
have beemperformedusing the ACTS system. These in-
clude ISDN, framerelay, and Internetusing T1 VSATS;
high-definition video transmission; globabroadcast serv-
ices; healthcare; long-distance educaticend traning;
emergencyand disaster recovenpperation; gigabitnet-
working at 622 Mb/s;and high-speed aeronautical, mari-
time, and land mobile communications. In additiexten-
sive Ka-band propagation measurements have been made to
guantify the effects of Ka-band rain fade signal perform-
ance and assess theadvantages ofain fade mitigation
techniques. TheACTS program isexpected tocontinue
with new planned experimenésmd demonstrationsintil at
least the year 2000.
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The success of thACTS technologydemonstratiorpro-
gram hasprovided animpetus for thedevelopment of a
myriad of new-generatiogatellite systems bgommercial

from LEO, to MEO, to GEO. Some of these systems are
now in the advancedstages of either development or de-
ployment, with the Iridium systerdue tobegin opeation

organizations. Examples include the use of a large numbar September 1998. The Globalstar LEO system of 48

of narrowspot beams by virtually ajpfroposedPCS, Ka-
band, and Q/V-bandystems. Some systems usar 300

satellites istargetedfor operation in1999, and the ICO
Global MEO system of 10 satellites is scheduledojogra-

beams per satellite. Teledesic employs 64 hopping beamtin in the third quarter of 2000. In addition, both #h&a

each covering nine dwell area@nboard baseband process-

ing hasbeenadopted byiridium, ICO, ACeS, Astrolink,
Teledesic, Spaceway;elestri, and many otheremerging
satellite systemsNew processingechnologies such as
multicarrier demultiplexingand demodulation of alarge
number ofcarriers, fast packetwitching based onheader
information from individual packets, and digitaéamform-

Cellular Satellite System (ACe%nd Thuraya GEO re-
gional systems areurrently under development, with
ACeS scheduledor deployment in1999 and Thuraya for
the year 2000.

BROADBAND SATELLITE COMMUNICATIONS
SYSTEMS

ing networks have been proposed. These technologiesn contrast tohandheldPCS systemsbroadbandsatellite

inherit or extend those used in the ACTS system.

SATELLITE SYSTEMS FOR PERSONAL
COMMUNICATIONS

Satellite-based?CS aredesigned toprovide narrowband
voice and datsservices tosmall handheldterminals. This
concept evolved fronthe highly successful Inmarsat sys-
tem, whichbegan in1980 by providing communications
through low-power global geostationary orbit(GEO)
satellitesand 1- to1.5-m mobile antennasndthen to
briefcase-size teminals using thelnmarsat 2 series of
satelliteslaunched in1990. In addition, many regional

communications typicallyoperates atit rates ranging
from hundreds of kilobits pesecond to hundreds of mega-
bits per secondand is primarily targetedfor business and
home users with low-cosfixed user terminals. Mobile
applications are also beingpnsidered bysome systems.
Service applicationsnclude high-speed Internet access,
intranet communications, home shopping, softveen-
loading, multimedia communications, telecommuting,
distance learning, telemedicine,and other voice/data
/audio/video/image-based communications services.

In the pastbecause ofits relatively high cost,broadband

systems such as those in Mexico, Australia, Europe, Nortatellite communications haseen limited tolarge busi-

America, and India provide communications to small

ness usersnd internationalcarriers. This situation will

mobile terminals. Currently the Inmarsat system carfhange dramatically in the near future with the introduction
provide communications via the high-power Inmarsat 30f & number of Kdand (30/20 GHzpnd V-band(50/40

series of GEO satelliteslaunched in 1996, to mini-
terminals as small as laptop computers.

The recentintroduction of these small terminalsan be
consideredhe precursor tosystems thatan communicate
directly with cellular-typehandheldtelephones. Fosatel-
lites to provide link margins of some 10 to 16 dBldw-
gain handheldterminals, the satellite antennas mimtus
very narrow-diameter (300- t400-km) spot beams on the
earth's surface. This translates into satellite anteiamae-
ters that range from 1 m at a low earth orbit (LEOY@®-
to 1,800-km altitude, to 3 to 4 m for mediwarthorbit
(MEO) of 9,000 to 14,000 km, to 12 rfor GEO at
35,760 km.

In 1990, Motorola took thdead towardproviding PCS
services by announcinthe Iridium system of 77 LEO
satellites, which was subsequentiyguced to &6-satellite

GHz) satellite communications systemBhesefrequency
bands are currently in verimited use worldwide, and
hence are easier to coordinate wattisting systems. Also,
a large bandwidttiexceeding 1 GHz) iqvailable for new
services. In the U.S. alone, more than 10 Ka-band satellite
systems(more than 70worldwide) have been proposed,
including Astrolink by Lockheed Martin, Cyberstar by
Loral Spaceand Communications,Spaceway by Hughes
Communications, Millennium by Motoroland Teledesic
by Teledesic Corporation. All but Teledesic &EO-based
worldwide systems, whereas Teledesic provideglobal
coverageusing 288 LEO satellites. Motorola heecently
proposed a new systermelled Celestri which combines
Millenium (Celestri GEO), Ka-band Celestri LE@nd V-
band M-Star systems. All of these systeraquire large
investments. For example, the constructamd launch
costs of Celestri LE@nd four Millennium satellites are
estimated to be in excess of US$10 billion.

system. This announcement initiated a flurry of activity in

the communications satellite industry, resulting itarge
number of systems beingroposedwith orbits ranging

More recently, 15 V-bandystems (inaddition to M-Star)
were filedwith the U.S. FederalCommunications Com-
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mission (FCC),including CyberPath by Loral Space and of multiple spot beamsHowever, powerdissipation and

Communications; Expressway, SpaceCast] StarLynx

heat removal from thesarrayspresents a majotechno-

(three systems) by Hughes Communications; GESN byogical challenge formany of theproposedLEO, MEO,

TRW, GE*Star Plus by GE Americom; GS-40 Bjobal-
starL.P.; Orblink by Orblink, LLC; Pentriad by Denali
Telecom; Q/VBand by LockheedMartin; VBS (V-Band
Supplement) byTeledesicCorporation;and V-Stream by
PanAmSat. These systems employ a variety of orbits
(GEO, MEO, LEO,andhybrid), andmost utilize onboard
RF switching orbasebandrocessing,and microwave or
optical intersatellite links.

Some notable non-U.S. systemsrently under considera-
tion areEuroskyway(Ka-bandGEO) by AleniaSpazio of
Italy, SkyBridge (Ku-bandLEO) by Alcatel of France,

WEST (Ka-band GEO/MEOQ) by Matra Marconi of France,

and Astra K by SES of Luxembourg. Sky Statiorerna-
tional, based inWashington,D.C., proposes to use a

and GEO satellite systems. Technologies taat perform
more onboard beanfiorming, connectivity,and processing
functions with less power, masand size will become
increasingly important. To thiend, low-loss RF inte-
grated circuit (RFIC) control componentsand power-
efficient gain blocks, as well as highéfficient linearized
solid-state power amplifiers (SSPASs), are extremely impor-
tant. Developments in optical techniques be@am-forming
andintersatellite links alsdnold promise.Onboarddigital
processing technology is very critical fergnal demulti-
plexing and demodulation of a largaumber of carriers,
onboardrouting of individual ATM cells according to
destination beams, and high-speed downbeaittiplexing
and modulation. Development dbw-power application-
specific integrateaircuits (ASICs) with high integration

balloon in the stratosphere (at approximately 23-km altigensities and radiation tolerance is critical to raization

tude) to providelow-cost multimedia communications
services in the V-band.

Successful developmerand operation of theproposed
broadbandsatellite systems must overcommmerous
technicaland financial challenges, such as tHesign of
multibeam antennaspnboard basebangrocessors, and
optical intersatellite links;réquencycoordination;landing
rights; financing;andmarketing. Inaddition,the develop-
ment of user terminals costirmjoundUS$1,000 will be
critical to the success of the systems. Anofletor is the
size of the market, which may lerge enough taccom-
modateonly a few global systems. Nonetheless, signifi-
cant advances igatellite communications technologyill
be made in the next few years.

KEY TECHNOLOGIES

The large increases in capacity attained faozarly
INTELSAT satelliteswere madepossible by innovations
in lightweight filter technology for contiguousansponder
channelizationfrequency reuse through polarization and
spatial isolationand advances itbeam-forming networks
(BFNs) and shapedeflectors for narronbeams with in-
creasedjains. Thesuccess of future satelli®ystems will
be critically dependent orthe development ofmultibeam
satellite antennas systems wiglige (10 to 12-m)deploy-

of several on-boardiigital signal processingnd control
functions.

Terrestrialcommunications networks are evolvimgpidly
in response to the complexd stringentrequirements of
new services. A new generation of sateligwund infra-
structure is beingleveloped toexploit the unique advan-
tages of satellite systems, such as the abilityprvide
broadcast coverage, bandwidth demand, and rapid de-
ployment. Along with these technologgevelopments,
reduction in the cost of terminal equipmaevitl be critical
to the businessuccess of many of thgroposedsystems.
The developments in low-codtat-panel printed antennas,
that areeasy to manufacture, is critical to meetiogst-
reduction goals. In addition, low-costand low-power-
consumption RHRntegratedcircuits at Ku-band, Ka-band,
and higher bands, together with low-cost digfiedcessors
with integratedfunctionality, areneeded tosubstantially
reduce the cost of user terminals.

SUMMARY & CONCLUSIONS

Satellite communications is thriving itoday’s telecom-
munications market and will continue itateroperate with
other transmissiomedia to achievéhe grandvision of a
global information highway. Satellite systems will em-

able reflectors, as well as active phased-array antennas wRIPY increasing levels of digital signal processing, in both

beam steerabilitandhopping toprovide flexible capacity
and power-sharing among the beams.

the spaceand ground segments, to efficienthand cost-
effectively provide the broad spectrum of services demanded
by end users. Geostationaagd non-geostationary satellite

In recentyears, the miniaturization of RF subsystemssystems—using technologies such l@ndwidth on de-

through the use of galliunarsenide (GaAs)nonolithic
microwave integratedircuits (MMICs) hasmadepractical
the manufacture of space-qualifiedightweight, active
phased-arragntennasvith flexible scanningand steering

mand, TDMA, onboard processing, switchingand large
multibeam antennawith hopping spot beams willvork
seamlessly with terrestrial systems to offer the very best in
systems and services to consumers.
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