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l. INTRODUCTION

A.  BACKGROUND AND OVERVIEW OF REPORT

Over the last three decadedMilitary Satellite (MILSATCOM)
have becomea vital elementin the supportof several Strategicand Tactical missions
primarily of theU.S. Armed Forcesandalsoof the Armed Forcesof other countriedRef.
13. The great importance of having reliable, uninterrupted,and high capacity
communicationias been andill alwaysbe oneof the main concernsof everyMilitary
Commandein peaceand in war. This issuebecomes morsignificantin the caseof the
United Stateswhich as the only current Global Power, requires daily, effective
communicatiorwith d their ships, units and military assetseverywhereon, under and
abovetheEarth. Thus MILSATCOM is theonly solutionto the previously stated task.

At present thevast majority of the needsof U.S. MILSATCOM are
accommodatetly Orbit Satellites (GEO)The systemghat we are
goingto reviewin detailin chapted are going to needreplenishmengefforts during the
first decadef the21* century At the same timeframseveral commercial MobilBatellite
SystemgMSS) supportedoy Low Earth Orbit (LEO) and Medium Earth Orbit (MEO)
satellite constellations[Ref. 2] are going to be operational and provide Personal
CommunicatiorServicegPCS) to a marketof “mobile users”and “userson the move”
aroundthe Globe. It is the objectiveof this reportto producea modelthatwill be capable
of accommodating thkesscritical needsand requirement®f the U.S. MILSATCOM by
utilising the servicesprovided by the currently proposed commerciaEO and MEO
systems.The useof thesesystemsby U.S. MILSATCOM fits perfectly underthe U.S.
defencedoctrine of a CONUSbasedmilitary with capability of rapid global power

projectionto respondo crisesanywheren theworld [Ref. 1].




Thefirst chapterof this reportis theintroductory partWhereast offersthereader
the backgrounddefinitionsof LEO, MEO, GEO systemsrchitecturesintroducesthe
“Global Grid Concept’andgives some aboutthe USA regulatorysituation.It
also takegnto account informationn selfinterference, raiattenuatiorandfading of LEO
and MEO systems.Finally it the advantagesand disadvantagesf each
categorycomparedwith the othertwo and tries to answerto the question: “Why

andnot GEOfor themilitary applications?,

The characteristicand descriptionof Circular Orbit (ICO) Global
Communicationsatellitesystemaregiven inthesecondthapter.

Thethird chapteprovidesa broaderescriptiorof U.S.MILSATCOM todayand
theMILSATCOM trendsinto the21* century.It presentshe MILSATCOM missionsand
performanceequirementaswell as the “futurearmy” war-fighting doctrine Finally the
list of threatsand counterthreattechniquegor MILSATCOM is given. The fourth chapter
examineseparately the broadcast paftMILSATCOM by the characteristics
anddescriptiorof GlobalBroadcasBervice(GBS)satellitesystem.

Thefifth chapter introducethe needf additionalcommercial SATCOMn order
to accommodatéuture needs.It examinegshe perceived associatedvith

asthey areappliedto military communicationss well as areas inwhich

commercial systems cdre valuable.Moreoverit displaysthe “complete” picture, by

performinga comparisorof commerciaLEO, MEO systemsinderinvestigation. Finally

~ ‘providesthe commercialalternativemodel architectureto MILSATCOM, which is a

combinationof thesesystemghat possesshe morefavorable characteristiésr military
applicationn supporiof land-seaair operations.

Thesixthchapter provides the applicatiofithe proposednodelarchitecturen US
MILSATCOM andparticularlyto a “Combat CapableNaval Forcecomprisedy CVBG,
ARG, MEU, so asto fulfill the circuit requirements describday the US Naval Space

Commandunctionakequirements document.



The seventh chapteprovides a model United Nations (UN)
Operationcommunicationglan so as to fulfill the channel requirementglescribedy the
UN Mission in Haiti Communicationsplan. Finally the eighth chapter provideghe

conclusiongndrecommendatioref thisresearch.

B. CATEGORIES

The orbitalaltitudesof the satelliteconstellationss the measurewhich is usedto
divide them into three main categories.This is a characteristicwhich affects the
propagatiortime delayof the transmittedandreceived signaFigure 1.1displaysthe idea
of LEO, MEO and GEO satellitealtitudesvs. the time delay [Ref.3] which is calculated

fromtheformula = (2xd)/c wheredisthe altitudeof the satellite orbitand
[Altitude in Km|
2000(
75(]1 - LEO
5 133 252
[ Time Delayin msec 3

Figure1.1 SatelliteAltitudesvs. TimeDelay. “After Ref. [2].”




1. Low EarthOrbit Satellite System@_EO)

The LEO satellites are orbiting the Earith altitudeswhich vary from 500to 2000
kilometres.Thelow altitudeof theLEO systems gives them advantagesidisadvantages
comparedvith the other systems. The advantages are [R&%ef.4, Ref.5] :

e Minimal propagation time delay between stations because lowiodbaiserto

the Earth surface thaamyother orbit.

e Minimal power requirements for satellites and ground terminals therefore

smallerantenna dimensions.

e Simplicityand small dimensions satellitesused.

Moderate cosandcomplexityof launching vehicles.

The LEO systems are further divided accorditm their signal frequencynto

“little”, “big” and “super” LEOs[Ref.15].

a. “Little” LEOs

Theyoperateatfrequencies belovil GHz andaremainly used for store
andforward messaging servicesthout voice capability.

b. “Big” LEOs

Theyoperate irl. band at frequencidsom 1.6GHz upto 2.5GHz and
provide fullrangof telephony based services (voice, data and facsimile) §Ref.

C. “Super” LEOs

Theyoperate irKa bandat frequenciefrom 20GHz up to 30GHz.

A disadvantagef the LEO systemss that the individuaLEO spacecrafonly flies .
acrossthe service aredor sometens ofminutesa few timesa day. Therefore redime
serviceis possibleonly if acomplete constellatioaf LEOsis operationalsoas tohave at
leastonesatellite visible1l00%of the time[Ref. 5] eitherby phasedsatellitespacingr by
predetermined latitude coverage.

From all the abovehe conclusion ishat portable, palmtop, loypowerand light-
weight terminals cabe used in ordeto provide personal communication servigPES)

by utilising the LEO satellite systems [Re2] provideda large numberof satellites are

availablein orderto acquire global coverage.




2 Medium Earth Orbit Satellite SystemgMEO)
The MEO satellitesare orbiting the Earthat altitudesfrom 10,000to 20,000
Ts requiresasmaller numbeof satellitesfor globalcoveragehanthe LEOs.

Thetradeoff in altitudeversuspropagatiordelay time inwhich their performances less
thanthat of the LEOs. They arethe intermediatestepbetweerl EOand GEO notonly in
altitude of deploymenbut alsoin the aspectsof power requirements, antenrgain, and
requirednumberof satellitedor globalcoveragdRef. 2]. The Intermediate Circular Orbit
Global CommunicationgICOGC) systemis a MEO satellite system whichwill be
describedin the following chapterand becomesan importantelementin the proposed
modelin ChapteN.

3. GeostationaryEarth Orbit SatelliteSystemqGEO)

The GEO satellitesorbit the earthat an altitudeof 35,786kilometres [Ref. 7]. At
the geostationary orbithe satelliteis with the rotationof the earthand
rotatesn the samedirection.In commerciabystemshis orbit is circularonthe equatorial
plane. This orbit is unique becausthe satellite maintainexactlythe same fieldof view
above the earth’s surface tweftyr hoursa day[Ref. 5]. It providesthe GEO systems
thefollowing advantages:

e Theoreticallythree, and in practice four satellites,are enough for global

coveragehere fore theumberof required satellitels minimised [Ref. 2].

e Both theuplink and downtlink beamsare virtually motionlesghereforeoffer
simplificationof designand operatingrequirementf antennadoth for the
groundandspacesegmenbf thesystenRef. 5] .

On the other handthe GEOsystems havéhe following disadvantages compared

with the MEOs andLEOs:

¢ Increased requirements concerringsizeof the satellitdaunching vehicless
well astheir launchingcapability [Ref5].

e Biggerfuelconsumptiorfor placingandalsomaintainingthe satellite in orbit.

e Maximumpropagatiorelaydue tothe high altitudeof the orbit.




e Very poor coverageof high latitudesbecauseaheir orbitis abovethe earth
equator.

¢ High powerrequirementfor satellite transpondefRef. 2].

e High gain requirementsor earth statioantennagRef. 2].

e Thegeostationary slavailabilitydecreaseastime passes frora combination
of two reasons: Firstueto the uniguenessf the geostationanorbit and
seconddueto thelargenumberof existingsystemsThereforat becomesnore

difficult for a GEOto obtaina desirable locatiofRef. 5].

C. THE COMMERCIAL GLOBAL GRID

The idea of a communicationgonnectionto anywhereat anytime is a primary
concern of a global military power as the USA is today. The rapid growth of
communications capabilitiesill lead into an interconnectionf all major commercial
communicatiorassetan a world-wide manner[Ref. 8]. This is goingto be realised by
interconnectinghe “terrestrial”’and “orbital’, grids into onewhich is goingto be referred
asthe“global grid”.

Thefirst grid consistsof the classiccopperand/or fiber-optic lines networksand
cellular systemsThe secondgrid consists of, at present, InternatioMaritime Satellite
organisation(INMARSAT) and InternationalTelecommunicationSatellite
(INTELSAT) [Ref. 8] which will be augmentedh the very nearfutureby LEO and MEO
systems whiclareexpected tde fully operationatiuringthe nexttwo to five years.These
systems,some of which have been presented inRReference 2are incorporatedwith
tremendous potentiahdcapabilitiesn theareasof data rateyarietyof providedservices,
connectivityand standardsT he contributionof systemsn the constructionf a
virtual “commercialglobalcommunicationgrid’, is goingto be of vital importance. These
systemawill offer the advantage®f global coveragegextrememobility and world-wide

capability[Ref. 81, by the useof smallhandhelderminalsto alargenumberof



“mobile users”and‘“users onthemove”. The evolutionn the sizeof terminal equipmeris

shownin Figure1.2.

1960-1980 1990 2000.. .

Figurel.2 Evolutionin The Sizeof Terminal Equipment

Atts point, it is appropriate tanakethe distinctionbetweerthese twasimilar but
distinctly different categoriesf users. The tertfmobile user”is referredto onewho uses
communications equipmemwnly after movementhas stoppedand an antenna has been
accordingly deployedn orderto link theequipment witlthe satellite.Onthe othehanda
“useronthe move” is onewhosecommunications equipmemtustfunctionandbe linked
with the satellitewhile moving [Ref. 9]. Both of thesecategories aptlgescribethe users
involved in military communicationstherefore,it becomes eviderthat the conceptof a
“commercialglobal grid”is very attractiveto military users.This was exemplifiedby the
utilisation of commercial satellitaystemswhich were mergedwith military
ones, for the accommodatiorof communication requirements duritige Gulf War
operationgRef. 8].

One fact which makesthe useof commercial SATCOM systemsin military

operation®oth attractivandunavoidablés that over th@exttenyeargheperformance




of existing MILSATCOM systems  start degradingdue to ageing effects and the
subsequenteplenishmentvill be slow as a result of the high costof replacementf the
satellitesThe“commercial globagrid”, with relativelylower cost,is going to be thenext
alternativeandenhancingtepof MILSATCOM bothin the USA andinternationally.

D. REGULATORY SITUATION FOR

Theradio frequencynanagementf nonGEO satellite systems has begliressed
by the WorldAdministrative Radio Conferenoa February1992 in Malaga,
Spainandpartly reconsidereby WARC-93[ Ref. 10]. One ofthe decisionsof WARC-92
wasto allocate theRadio DeterminationSatellite System(RDSS) to the spectral610
1626.5MHz (L-band)andto allocatethe 2483.822500 MHz spectra(S-band)to LEO
satellite systemsn a world-wide primary basis[Ref. 10]. The latest modifications in
spectrunallocation weredoneby WARC-95 in GenevaSwitzerland[Ref. 14]. Thefirst
wasthat the datef accesgo thelL andS bandsfor MSS wasbroughtforwardto 1%
January 2000 instead of 2005 that was previously. The secondwas that additional
spectrunwasmade available Region2 of ITU whichis the Americas [Ref5, Ch. 4].

Thedevelopmenof LEO, MEO systemshasbeensignificantly basedon licensing
from the FederalCommunicatiorCommission(FCC), althoughtheir global nature
should require an internationalcollective agreementatherthan the licensing stemming
from the administrationof a single country. Of course,with current international
regulationsemergingfrom the Telecommunication&/nion (ITU) [Ref. 7]
everycountry’s conseris equally importanby granting license$or operation across its
own territory [Ref. 10] so asto makethe globalconceptof any system becomeeality.
Nevertheless allEO/MEO companies considéne greatmportanceof beingableto fully
operatein the USA PCS marketNaturally this requiresapproval of the FCC for
constructionlaunchingandsystenoperation inside the USIRef. 10].




The servicerequirement®f the FCC for threshold design standards
are[Ref. 6]:

Continuous voice coverageertheentire globe (excephepoles)atleast/5%
of thetime.

Continuousroice coverageverthe USA 100%of thetime.

Strict financial qualificationwhich meansthat any applicantmust have the

financialability to construcandlaunchthe system.

Ability to operatein co-primary basis with radioastronomy(16101613.8
MH?z).

Useof Ka feedellk  spectrumgo-ordinateamongotherKa band applicants
for Fixed SatelliteSystemgFSS)and 28GHz “cellular” TV Local Multipoint

Distribution System({LMDS).

Speciallyfor little LEOs the FCCrequireghefollowing:

“Blanket” licensingfor transceiver terminals.

Thefirst satelliteunderconstructiorshouldbe within oneyearfromlicence.
Launchesnustbe completedvithin four yearsfromlicense.

Licensesill expireaftertenyears.

Modificationsof satellitesand servicesbecauseof new technology requira

request fomodificationof licensingrules.

Onthe othersideof the Atlantic, the big LEOs of US origin haveattractedthe
attention of countries sucles Great Britain, Germany,ltaly and FranceEuropean

havebeencreatednith companie®f US origin in orderto promotethe idea

of a satellite personabmmunicationsetwork(S-PCN). Thegeneral approadkin favour

of afair competitiorbetweerthe alternativaystemsd of which should be to

co-exist and no ban for any systemshould be tolerated [Ref. 6] by the European

Commissionwhichis thegoverningbody of the European Unio(EU),




E. INTERFERENCE AND FADING IN SYSTEMS

Before proceedindurther someissuesegardingLEO andMEO satellite systems

arepresentedSpecificallythoseassociated with performanaeder selinterferencerain

attenuatiorandfading.

1. SelfInterferencein Satellite Systems
S. Blondeaetal. presenin Referencell the total carrier to interferenceatio

(C/1) of theilk  which is definedas “the ratio of the useful receivedarrierpoweron a
mobile-to-satelliteor satelliteto-mobile link and the overall contributionat the receiver

input of interferenc@owergenerated from othdinks”. The genericiransmissiometwork

is picturedin Figure 1.3.

Terminal b o Terminal

Figure1.3 GenericlransmissioMNetwork. “After Ref.
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Thefollowing assumptionfer theC/I calculationaremade:

e Onelink is usedto support the connectidoetweerthemobileterminalandthe
spacesegment althougthe terminaimay be inthe field of view of morethan
onesatellites.

¢ Theantennaf themobileterminalis isotropic.

e Worst casescenariois consideredo be when completeoverlappingof the
interferingcarrier spectruns appliedontotheinterferedcarrier.

¢ Everyuplink anddownlink operatevith acommormmargin.

The calculationswere performedor one LEO constellation of 48
satellitesand an ICO constellationof 12 satellites. The following conclusionswere
determined:

e h order to avoid self interferencewithin the constellation a

frequencyeuse policyhasto beimplemented.

e Becaus®f the timedependencyf thetraffic patternin eachcountrywith local
time, severafrequency reuse plans shobkconsidered.

e Eachfrequencyreuseplanshouldmaximise the capacityat anygiventime.

¢ Thesystenshouldnot haveto changelanstoo frequently.

2 Ran Attenuation in Satellite Systems

A. Parabonet al. presenin referencel2the severgoropagatiorproblemsthat are
expectedo be encountereih satellite communication systeroperatingn the Ka band
frequencieandabove. Somplausiblesolutiondor thesegoroblems basednknowledgeof
the locaklimatologywerealsoproposed.

Many different problemsand different strategiesnay be undertakerto counter
attenuatiomueto rain. Thesg@roblemsyelatedo tropospheric propagatiare:

e Temporarysuspensiolin the operatiorof LEO, MEO systemsdueto rain

predictionat variablealtitudes.This is commonfor thesesystems becauske

link marginvaries withthevariablesatellite distance.
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e Combiningattenuatiorat 20 and 30 GHz for evaluatingthe red outagetime
andfor theuplink control.

e Assessingthe risk of failing handover between two satellitesf the
constellatiordueto the needof maintainingthe simultaneousperatiorof both
satellites.

Countermeasurdsr theaboveproblems are:

o Sitediversityfor the satelliteto-basdink; Consistingof a pair or atriplet of
earthterminals connectedh suchway as to takethe maximumadvantage from
therain non uniformity. This is performedby choosinghe lessattenuateaf
the two or three availablesignalsor by adopting particular signaombining
strategies.

e Orbital diversity both for the satelliteto-gateway and satelliteto-mobile
terminal link which is applicableif an intersatellite connection exists.The
satellitenetworkis entered througkhe satellitewhich offersthe best channel
condition.

Both thesesolutions require deep knowledgef therain cellstopology foreach

area of concerandthe data catve derivedonly by conductingaccuratemeteorological

radarstudiesf the areainder examination.

3. Fadingin Satellite Systems

LEO andMEO satellitesystemsieeda high valueof spectrunefficiencybothin
the caseof competitionand in that of integrationof terrestrialcellular systemslf the
service regioris coveredwith many relativelysmall spots,the satellite systemvirtually
becomes cellularsystem [Refl13]. Vatalaroet al. presenin Referencel3the effectsof
fading for one LEOand one MEO systemwithout naming them specifically, but it is
evidentthat the characteristicef Globalstarand Odysseywere bothused. The two
systemsaredescribed irdetailby H. StelianogRef. 2]. Theresultsandconclusionsf the
computersimulation havanapplicatiorfor LEO, MEO systemsn general.

The consideratiorof fading phenomena becomes difficdtbr Mobile Satellite
Systems (MSS)ecause eaalseris locatedn acompletelydifferentenvironment fronthe
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others.Thereis aproblemof auniquestatisticamodelfor theeffectsof fading.
Moreover, since the elevation angleschange continuoushand quickly over timethe
channeis non-stationaryin nature.For these reasons an approximet@luationof the
systemmeanvaluesof outageprobability P, over spaceand time is presentedThis
evaluationis performedunder theassumption thathe transferfunction envelopeof the
propagatiomedium has Ricedistribution[Ref. 13]. Vatalaroetal. assuméhatad users
arelocatedn similarenvironmentandtheyexperience noselectivdfading duego diffuse
multipath. The conclusions made-that “the presencef fading bringsa significantincrease

in outageprobability(P.) only whenP..: experienceéh theabsencef fadingis low”.

Ts section trieto answerthe question‘why and not GEO for the
military applications?.The advantagesf LEOs and MEOs compared witfGEO systems
makethemmore attractivéor future usébothin thecommerciabnd military domains.

Theminimal propagatiordelaytime of LEO systemsaswell & the globalcoverage
providethe edgeagainstGEO systemsThe GEO systemswhile avoiding satellitehand-
over, large constellatiosize, Doppler effect due to satellite motion and interference
reduction methods, they haaegefree space attenuatiawomparedo LEOs andMEOSs,a
fact that makesoperationwith portableterminals difficult. Military operations require
highly mobile andportablecommunicatiorequipmentFor tacticaland-seaair operations,
the requirementof rapid and continuouscommunications‘on the move” can be
accommodatedlobally, mainly by LEO or MEO systems [Refl4]. Moreoverthe poor
coverageof GEOs at high latitudesmakesthem less attractivethan theirLEO/MEO
adversaries.

Onthe otherhand,the high datarates theGEOscanprovide, makethesesystems
more preferabléhan in applicationghat requirehigh data ratdinks in order
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to operateeffectively. There is an obvious compromiséo be made by a systems

engineeringstaff either or civilian. A modelfeaturingboth high datarateandhigh
mobility by combining and would be attractive than either of them
alone.
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II. 1CO COMMUNICATIONS

A.  INTRODUCTION

IntermediateCircular Orbit Global Communicationsr ICO aswill be referredto,
is both thenameof a multinational telecommunications compamgd the MEO Mobile
Satellite SystenfMSS) itself. The initial namewas “Project 21" [Ref. 6]
which implied that it was meantto be the organization’smobile satellite personal
communicationsystenfor the  century.After a coupleof yearsdeadlock, ICO Global
Communication&imited wasincorporatedn 16 Decemberl994 asa private company
registeredn England and Walet)K. In Januaryl995ICO completed @rivateplacing,
whereby and 37 investorscommittedto subscribdor an aggregate amount
of 1.4 billion US dollars[Ref. 14]. Finally in October1995,ICO obtainedthe required
spectrum allocatioat 2 GHz, by the World AdministrativeRadio Conferencé~¥ARC-
95)in Geneva Switzerlandpasto beoperationah theyear2000.

ICO is “a commercial,marketdriven, private company”as statedby its chief
executiveofficer. It is legally and physicallydistinct from INMARSAT, with its own
board and managemefiMARSAT is only oneof the47 shareholdergepresentedtby
44 nations around theglobe, holding 10.5% ofthe ownershipand 15%of the voting
shares. Afact with Greek interesis that theHellenic Telecommunications Organization
(OTE) possessel.8%o0f the ownershipand3.62% of thevoting shares [Refl4].

B. MARKETS AND PROPOSEDSERVICES

ICO’s (seeFigure2.1) objectiveis to complementhe local terrestriaboth cable

andcellular, servicem everycountryall overtheworld. Theseserviceswill be offered
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through national having enormous experienand adaptationn the local
regulatorysituationand commercial conditions of theirrepresentative countries.

Therearefour main groupsof consumers that ICQ@lansto [Ref.
14] aswell asan additional,more specializedgroup, aboutwhich the focusis directed.
Thefour main groups are:

o Domesticandinternationatravelerswho needPCSoutsidethe areas covered

by the compatible cellulanetworks.

o Satellite only users.

¢ Generahviation aircrafandsmall vessels.

¢ Semi-fixed installationsn rural andremoteareas

The final group consistef the military users.Therehasbeena long history of
successfulcooperation between military organizationsand local
organizationsjn numerouscountriesd over the world. The 44 different countries

representedin the ICO, offer through the experiencef their telecommunications

organizations, a concrete foundation towards the previously mentioned
cooperationn thePCSSATCOMmarket.
ICO will provide digital voice, datdacsimile, and services

through a globadlistribution systenfRef. 15]. Theseservices will complementerrestrial
PCS systems. Thewill be providedin areas where regional terrestra@llular systems

haveincompletepatchyor nonexistentcoveragelRef. 16]. ICO will use Time Division

Multiple asits multiple access PhaseShift Keying
(QPSK) as its modulation techniqueand will possesssatellite

encryption ICO will be compatiblewith severakellular standardsvorld-wide.
Theseinclude: GlobalSystem forMobile (GSM) in Europe, Personal

Digital Cellular (PDC)in JapanAdvancedMobile PhoneService(AMP S )and D-AMPS
(Digital AMPS) in North America, future Time Division Multiple Access (TDMA)
systems.ICO will also havethe to intersect with regional terrestriaPublic
Switched DigitalNetworks (PSDN) asvell as Public Switched Telephone Networks
(PSTN).
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Figure2.1 ThelCO SystemOverview“From Ref. [17]”
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ICO consistsof three major parts: the spacesegment, the usersegmentand the
ground segmeniThe ground segment consistsf three subsegmentshe ICO Network

(ICONET), the gatewaysandtheterrestrial publicfixed andmobile networks.

1. The SpaceSegment
a. Satellite Constellation
Theconstellation (see Figu22) will becomprised of ten operational

satellitesand two sparesn mediumearthorbit (MEO), at analtitudeof 10,355%ilometers

abovethe earth’'surface.

Plane 1 Plane 2

Figure2.2 ThelCO Satellite Constellation “FronRef. [17].”



They will be arrangedn two orbital planesin circular orbit. The orbit is
designed for satellitdiversityin that at leasttwo andup to four satelliteswill be the
field of view (FOV) of theuser and &atellite Access NodESAN), 99% of thetime. The
SANs will provide thak betweenthe spaceand the ground segmentof Each
orbital planewill beinclined45 degreeso earth'sequatortherefore the constellationill
have90degrees orbitgllaneseparationThe orbital periodof each satellités six hours.
Each orbital planewill accommodate five operationahd one spare satellites, witif2
degrees operational sateliteplaneseparation.

The satellite orbits have been selectedprovide coveragef the entire
globeon a continuoudasis [Refl5]. Theyalsoallow high elevation angles a
feature which provides lower probabilityof blockage andcall interruption. The
constellation's instantaneofisld of view (IFOV) of the coverage aretor zerodegrees

elevatiorangle,is shown in Figure.3.
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Figure2.3Instantaneougiew of 1CO SystenCoverage'From Ref[15].”

The featuresof high elevation angles and path diversity thus
globalcoveragegive ICO the benefitsof high serviceavailabilityand global connectivity
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(90’ N to 90’ S). Thesearetwo, veryimportantparameters order foraMSSto fulfil the
requirements for it'snilitary application.The first satellite launchis scheduledor 1998
[Ref. 16].

b. Satellite TechnologandFrequency Management

The ICO satellites (sedigure 2.4) are currently being built by Hughes
Space& Communications International, Inc., undarcontract signedin July 1995
[Ref.15]. Theyarebased ortheproven HS601 geostationarpus. The communications
payload allows flexibility of transmissiorformat and providesil  on-board digitally

type), and beamforming, which were

traditionally performedby analoguetechnology. These features provide ICGhe
advantagesf flexible traffic routingandreductionof transportatiomequirements, adding
onemorepoint for its possiblemilitary application. Anothekey featureof the designis
theseparatéransmitand receive antennf theserviceandfeedetlinks [Ref. 15].

C-Band Transmit Array

S-Band Transmit Array

S-Band Receive Array
C-Band ReceiveArray

Figure2.4 ThelCO Satellit¢ FromRef.[15].”
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The system design providess3to 200 transmitand receive servicéink
beamgRef. 16], with a minimumpowermarginat leas dB and anestimatednaximum

propagatiordelay of 200 msec.The servicecoverageof one ICOsatelliteis shownin
Figure2.5.

- o m
- »n > m

Figure2.5 Servic&Coveragef one ICO Satellit€From Ref.[15].”

Theservicdk operaten the Sbandwhichwasrecently allocatey
WARC-95 to MSS. It providesthe connectiorbetweenthe userterminals and the
satellites[Ref. 15]1. Theup-ink frequencys 1.982.01GHz andthe downlink frequency
is 2.17-2.2 GHz [Ref. 16]. The BitError for voiceanddatais

Thefeedelink will operatén theupperpartof C-band which was also
recently allocatethy WARC-95to MSS. It providesthe connection betweethe satellite

andthe SANs. At any time,each satellitavill be in line of sight (LOS) contactwith at
leasttwo andat mostfour SANG.
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Before thesatellite passesutsidethe LOS of one SAN it will establish
contactwith thenext onewhich enters the satelliteFOV. For thefeedetink, the up-link
frequencyis 5.155.25 GHz andthe down link frequencyis 6.9757.075GHz [Ref. 16].

The existenceof separatéransmitand receiveantennasor the serviceand feederlinks

allows easiermanufactureand better protectionthancombiningtransmit

andreceiveantennas oneunit.
In order to enabldghe link analysiscalculations,therelevant

parametersf the ICO systemarepresentedh Table2.1 below.

Parameter Symbol Value
CarrierBandwidth Bw 25.2kHz
Bit Rateper Carrier Br/C 36kbps
Bit RateperChannel Br/Ch 4.8-9.6kbps
Channelper Carrier Ch/Cup 8
forwardfeederuplink
Channelper Carrier Ch/Cdn 6=7.78dB
forwardmobiledownlink

| |
Maximum Numberof | |
Carriers

750

Table2.11CO Systenlik Analysis Parameters.

The ICO link analysiscalculationsentail two differentits  [Ref. 30].
These areghe forward andthe returnlink. The total forwardik  (feederuplink-mobile

downlink) calculationis displayedn Table 2.2 andthetotal returnlink (serviceuplink-
feeder downlink) calculationin Table 2.3. A calculations are performed in

forms.
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FEEDER UPLINK MOBILE DOWNLINK

48.7dBW EIRP per carrier 33.6dBW
Free space loss -190.2dB Free spaceloss | -181.9dB
loss loss -0.1dB
11dB Receiveantenndsain 1.7dB
CarrierBandwidth -44dBHz CarrierBandwidth -44dBHz
Noise temperature -27dBK Noisetemperature | -25.5dBK
Boltzmann’sconstant 228.6dBW/K-
Hz
-7dB
25.1dB (C/N)d 5.4dB
m 14.78dB
4.926dB
| TOTAL FORWARD LINK: = )d (realnumbers)
4.884dB 48.88dB
[CIN =C/ N+ Bw(dB)]
( ) per voicechannel is 48.88- 7.78 41.01dB

Table2.2 1CO ForwardLink AnalysisCalculation.

ThelCO satellitdife span haveenapproximatedo betwelve yearandis
designedto support atleast 4,500 telephone channels usinfme Division Multiple
Access(TDMA) asthe multiple access protoccand QPSK asits modulationscheme.
TDMA systemsare thosen which manyEarth stationsn the satellite
network usea singlecarrier fortransmissiorvia a satelliteransponder oa time division

71. Thebit ratesper carrierfor both the upload and downloadis 36 Kbps. All
the Earth stationgperatingopnthe sameranspondeareallowedto transmit traffic bursts
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in a periodic timeframe,calledthe TDMA frame. A detailed discussionf TDMA is in

Reference 7.

RETURN UPLINK
EIRP 6.8dBW
Freespacdoss -181.1dB
loss -0.1dB
Receive antenn@ 26.5dB
Carrier Bandwidth  -44 dBHz
Noisetemperature  -25dBK

Boltzmann'sconstant 228.6

Fading margin -6dB
5.7dB
15d4B
5.21dB
|
TOTAL RETURN
457dB
( ) per voicechannel

RETURN DOWNLINK

EIRP per carrier -1.8dBW
Free spackss -192.7dB
Receive antenn@ 47.6dB
Carrier Bandwidth -44dBHz
Noisetemperature -21dBK
Boltzmann'sconstant  228.6dBW/K-
Hz
Fadingmargin -3dB
(C/N)d 13.7dB
23.2dB
| ' 13.23dB
=I | (realnumbers)
48.57dB
[CN =C/ N+ Bw(dB)]
48.57 - 7.78 40.78dB

Table2.3 1ICO ReturnLink AnalysisCalculation.
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2. The Ground Segment

Theground segmermspreviouslymentionedconsistf three separafmrts: The
ICO network (ICONET) (se€igure2.6), the gatewaysand the terrestrial,mobile and
fixed telephonenetworks.

a. The ICONET

The spacesegmentvill belinked to the groundsegmenthrough the
ICONET. The ICONET consists of twelve Satellite Access Nodes(SANSs),
interconnectedthrough a backbone networkand controlled by the Network
ManagemenCenter (NMC) and AdministrationDataCenter{ ADC). TheSANs will be
theprimary interfacebetweerthe satelliteandthe gatewayterrestrial networlchannel A
SANwill consistof threerran elementgRef. 15]:

e Five parabolic antennasith associate® F equipmento communicate
with the satellitesThediameterof each antennia eight meterandthe
RFcharacteristics atdRP = 83dBW andG/T =31dB/K.

e The Mobile SatelliteSwitchingCenter(MSSC),which is a switchto
routetraffic within theICONET andto gateways.

e Two databasds supporimobility management.

The twelve SAN locations (seeTable 2.4) have beenselectedso as to
ensure servicavailability in the eventthatoneS AN is lost due tophysicalor manmade
reasonsAdditionallythe SANs locationswill bein partsof theworld relatively saférom
military conflicts. Thefirst SANs areexpectedo be readyfor networkcommunications
duringthefirst quarterof 1999[Ref. 17].

b. Telemetry and Command(TT&C)
TT&C provides the means of and satellite
operationsn generalRef. 5]. Commandsrenecessaryo operatanost communications

satellitesIn order to issuetheappropriatecommandsnformation on the satellite’s
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location andconditionis neededIT&C areusuallyintegratednto asinglesubsystenand

areoperated separatdhpm thecommunicationpart of thesatellite.

SAN Location Country Continent
Brewster
Mexico C. America
3 Chile
4 Guaratiba Brazil S.America
5  Usingen Germany  Eyrope |
6 Hartebeesthoek| SouthAfrica | Africa
7 Dubai UAE Asia
8 Chattarpar India
9 Indonesia
10 | Shanghai China
11 | Kumsan SouthKorea
12 | Brisbane Australia Oceania

Table24 The ICOSAN Locations.

The Satellite ControlCenter(SCC)is part of the ICONET. SCCwill .
managehe satellite systenby tracking satellitemovementsand adjustingtheir orbits to

maintain the constellation.The SCC will also monitor the generatondition of the

satellitesy collectingdataon the powesupply temperaturestabilityandotheroperating

characteristicdt will possesthe ability to maneuvethe satellites in ordeto realignthe

constellation irnthe eventof any satellitemalfunctions. The SCCwill have an up-link

encryptioncapabilitya featurewhich providesfor theinformationsecurityof the system

[Ref.17].

The SCCwill control thetranspondelinkages betweetthe feederand

service antennasnboard the satellites. This function W provide frequency
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reconfiguration capabilityithin feedelk beamsand optimathannehllocation between
high and low traffic servicebeams[Ref. 15]. Finally it will supportthe launchand
deploymenbf the satellites.The SCCis plannedto be installedduringthe firstquarterof
1998[Ref. 17]. A consortiumed by NEC, HughesNetwork SystemsndEricsson will
design, constructind deliver the SANs, SCC, and all the related facilitiedor the
ICONET.

C. Gatewaysand Terrestrial Networks

A critical feature of ICO, which makesit particularly attractive for
applicationin military communicationswill be the capabilityto integrate satellitend
public land mobile Themajority of time the satellitenetworkwill be
considereda complementangervice. Subscribessho wishto communicatewith areas
that arenot coveredat all or arecoveredpartly by their PLMN serviceproviderwill be
ableto get connected. Thgatewaysrethe connectingnterface betweethe ICONET
andthe mobile and fixedterrestriahetworks EachS AN will be ableto communicatavith
an unlimited numbeiof gatewaydRef. 17]. Currentplanningseekgo utilize a minmum
of two gateways pecountry.The gatewaywill be owned andperatedy third parties
and will located throughouthe world [Ref. 17]. This givesthe opportunity of having
military owned andperatedgatewaysanywherehis featureis requiredfor the military

applicationof the system.
Themobile and fixechetworks thatadll cooperatevith ICO arethe PSTN,

PSDN,andregionatterrestriakcellularnetworks sucks GSM, PDC,AMP S ,D-AMPSas
well otherTDMA systemshatwill appeam thefuture[Ref. 15].

d. ICO-Net UserMobility Management

In orderto provideglobal connectivitfCO will includea GSM originated
mobility managemenmnodel. Eacts AN will containtwo databasesThefirst oneis the
Visitor Location RegistgfVLR) andwill be responsibléor maintainingdetails oftheuser
terminalscurrentlyregisteredio that SAN. The SAN wiill track thesatelliteswithin its
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LOS anddirectcommunications traffito the satellitewhich will providethe most robust
link. Following this it will execute handoffs so as to maintain uninterrupted
communicationsAn other functionof the VLR wiill be to registerthe location of users
outsideof their home regions. EacBAN will haveit's own VLR database.

The seconddata basewill be the Home Location Registe(HLR) and
AuthenticationCenterAuC). HLR/AuC is asinglelogical entity,but it will be physically
split betweerthe SANs. HLR will performtwo functions.The mainfunctionwill be to
verify user informatiomndstatusandto locatetheuser anywherenthe globe. Whenever
a subscribeturns on his handseta messagés transmittedrom this handseto the user’s
HLR/AuC via satelliteand SAN. Thiswill verify user's statusand allow accesghe ICO
system. After clearand¢®s been communicattmithe specificSAN the subscribewill be
registered inhe SANs VLR. The second functiorof the HLR is to inform the VLR
locationof any subscribeto the SAN throughwhich an callis originated.This
will enablethe call to be directedto the SAN closestto the intendectall recipient. Then

thecallwill be completed through satellitak

3. The UserSegment

The usesegmentvill havethecapabilityto provide digital service® a numberof
more than1Omillion subscribersvorld-wide a featurewhich fulfills the requirementor
80,000oD usersandadditionalanticipated commercial demard.additionto this, ICO

the “simultaneoususers” capacity requirementf 3000 DoD, plus excepted
commerciabnes[Ref. 17]. It will becomprisedy the parts:

e Portabléenandheld phones.

. phoneqruralphoneboothsandcommunitytelephones).

Vehicularmobileterminals.

Aeronauticamobile terminals.

e Maritime mobile terminals.
All of thepreviously listederminals, could be usedeitherin civilian or in military
applicationsThedata rate for théandhelderminalwill be 48 Kbps andmore-than9.6
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Kbpsfor thenonhandheld devisest a Bit Error Rate(BER) bothfor voice anddata
services. Securifipr voice anddatatransmissions vital requirementor military users
caneasilybe offeredas anadditionalfeature, througlexternal encryptiodevices.

The vast majority of théCO userterminals areexpectedo be handheld pocket

sizedtelephones. Thewill be capableof operatingin satellite and modes.
The satellitemodecapabilitywill be selected automaticaliyhile the mode
will be selectednly whenevera systemis available[Ref. 17]. Calls will not

be ableto betransmittedbr received vissatellitef thereis anobstructiorbetweertheuser
and the satellite suctss a mountain,a building or dense woodslndoorscalls may be
possiblef theuseris close to a cleaglasswindow in the LOS of a satellite.

ThelCO pocket phonewill havethe parametershownin Table2.5. It is goingto
be similarin sizeappearancandvoice qualityto today'shandheld cellular phonegRef.
16]. It will to be manufacturedy COMSAT InternationalCommunicationgorp. The
price of the pocket phonés estimatedo be $ 1,000.The serviceostwill be $ 40
per monthand $ 2 per minute [Ref. 17]. Thesemake ICOservicesvery competitive,

comparedvith serv es offeredby otherMSSs.

Parameter Value
1 | Averagdransmitted .25Watts

power
2 MAX per channdtIRP
with voice activeat20°

elevation angle
3 | MIN G/T at20° elevation

angle
4 Continuous talkime -1 hour
5 Continuous receivmode -24hours

Table2.5 Parametersf the ICO PockePhongRef. 16].
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The ICO pockephonedoesnot possesanyLPI/LPD capabilitiedut its relatively

low average transmitted powet .25 Watt makesit less susceptibte detectiorthanits

competitors. Moreover, tHendsewill possess some optiom@aturesvhich will makeit

more versatilehan its competitor3.hese argRef. 16] :

D.

External data ports and internal buffer memory to support data

communicationat 3.6 kbps,dataandsingleslotallocation.

Smartcard (SIM) and Personal Computer Memory Card International

Association(PCMCIA)'compatibility. This featureenablegshe connectiomo

the ICO phone, of any security module providedit is PCMCIA
17].

High Penetration NotificatioHPN). Thisfunctionis uniqueto ICO [Ref. 17].

HPN enableghe userto be informed when hés outsideof normal satellite

coverage.

ShortMessageservice(SMS). Messageontentwill be severabits to tensof

bytes.

Facsimilecapability.

SUMMARY

ICO GlobalCommunicationss a globalMobile SatelliteSystem(MSS), which is

goingto acquirefl service capabilitypy the year 2000. 1t will provide globaktoverage
(including both poles) 24 hoursa day, sevendaysa week. It is goingto provide digital
voice, data, faxand messagingervicesandwill complement existingegionalterrestrial
networks,cellularand cable. The heartof the systemwill be the ICONET consistingpf

twelve SANs. The ICONET will connectthe tenoperationaland two sparesatellite
constellationvith the terrestriahetworksvia twelve SatelliteAccessNodes(SANs), thus
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enablingcontinuousglobal connectivitymainly with the useof handheldpocket sized
telephones.

ICO embodies featurashich maket very attractiveto potentialmilitary users.It

is a project that is being developed undertthe support and co-operationof 47
telecommunicationsand technology around the globe, a

characteristievhich ensureds financingandfull deploymenthus itsavailabilityfor future
DoD applications.
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IH. US MISSIONS, TRENDS

A. HISTORICAL OVERVIEW

This chapterdiscussesin overviewof the US Military SatelliteCommunications
(MILSATCOM). The serviceswhich thesesystems providethe major warfare missions
they are supposedto support and the required features are presented. Current
MILSATCOM systemsare reviewed as well as the trends for the 21“ century. It
summarizesheexisting assetsf MILSATCOM, beforeofferingthe CommerciaBatellite
(COMERSAT)basedalternativein thefollowing chapters.

The launch in October 19570f the SovietUnion’s “Sputnik” satellite, was
followed by a burstof activitiesin the spacearenan both theUSA andthe Soviet Union.
Both partsconceived thaartificial earthsatellitesoffereda unique transmission medium
for applicationsin the military as well as the commercialmarkets. In many military
applications satellitdeployment offered morereliable alternativdlom microwavel OS,
tropo-scatter,and high frequency(HF) links. One of the most prominent servicethat
could be offered throughsatellite deployment, was broadcastof high bandwidth
informationto many receiveusers disperseaverlargegeographi@areaqRef. 18]. Other
featuresaccommodatedy satellitedeploymentwere reporback and teleconferencing
[Ref. 18].

Early communication satellites wesmall, lightweightconfigurationsn LEO. The
two factors thapropelled thenext satellite generationp to GEO orbits werefirstly the
increasein vehicle launch capabilityand secondlythe evolutionof satellitetechnology
with the introduction of solar cells and Solid-statePower Amplifiers (SSPA) [Ref. 5].
Thefirst GEO launchedwasthe SYNCOM III in August 1964.The first commercial

communication satellitaunched wathe“Early Bird”
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(INTELSAT 1) in April 1965. The same year, SovietUnion launchedtheir MOLNIY A
into  highly inclined elliptical orbit in order to provide coverader their high
latitude: polai) wereGEOs umbrellais [Ref.5].

The first US MILSATCOM launch was performedin 1965 with the Defense
SatelliteCommunicationSystem(DSCSI) by the US Air Force agestbed for DSCS
andIII satellitegenerationsT hreelaunchegplaced26 lightweightspin stabilizedsatellites
in nearGEO. The payloadof DSCSI comprisedof a dipoleantennaand
single 26 MHz transponder. DISC$ supported digital voicand data
using FrequencyDivision Multiple Access(FDMA) aswell as Code Division Multiple
Access (CDMA) 18]. In February1969 the GEO Tactical Satellite
(TACSAT) was launchedn orderto offer an experimental assetith two 10 MHz
transpondersfor communicatiorwith fixed, manpack, vehicle mounted and airborne
terminals[Ref. 18].

Theseearly experimenthave led to an era of il satellite deployment,for

the needsof military A certain framework
hasbeendevelopedby the US Departmenbf Defensg€DoD) throughthe 1980’s, using
not only DoD owned constellationsbut also leased assetssuch as

International Telecommunications SatellitdNTELSAT) and International Maritime

Satellite(INMARSAT) [Ref. 19].

B. SERVICES, MISSIONS, REQUIRED FEATURES

1. ServicesProvided by

The MILSATCOM systems, todayand for thenear future, are required to
provide threebroad categorie®f information servicesn order to supporhaval assets
[Ref. 3]. These ar&oice,dataand videcservicesvhich aredescribedelow.

Voice servicesinvolve both securedand unsecured communicatiofjRef. 20].

They provide essential connectivity for informatiorexchange, Coordination and
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(C&R) between command units and key operatorsn and over the
horizon. They include telephones, voiceail, some fax over the phone linesand
services [Ref3].

Dataservices care utilized for tactical communication§ommandControl (C%),
andlogisticssupport[Ref. 3]. Tactical communicatiorareestablished betweananeuver
elementsand commandacilities ashore. Theyenable a meandf information exchange
amongstseveralnetworks which provide tacticalintelligencedata, whilst additionally
providing datain order to maintainsurface, subsurfacand airpicture of all battlefield
spectrumsCommandControl(C?) servicesareprovidedto command element$heseare
used to collect, correlate,distribute and present sensor acquired data, weather
information, accurateposition and simulation.The applicationof theseservicesis the
Joint Maritime Command Information System (JMCI$Ref. 20]. Finally, support
servicegrovide thevital logistical informationand coordination toensuresufficientand
efficientmaintenancand provisiorof unitsandgroups deployed worldwide.

Video services include VidedeleConferencing (VTC), battle damage
assessmentUnmanned Aerial Vehicle (UAV) imagery, telemedicine,

broadcas®V channelsandMoral WelfareandRecreatiofMWR) programgRef. 3].

2. SATCOM Support to Naval Missions

The naval missions demaranumerousiumberof circuits, therefore, bandwidth,
in orderto accommodatenostof the areas of employmentof the naval platformsThe
major naval missions, supporteég MILSATCOM canbe of threemajor categories (see
Table3.1): warfare,commandingnd miscellaneoU&ef. 20].

Thesemissionshave two setsof purposes.The first one is the “Operational
Maneuverfrom the Sea”andthe seconds the“Forward... Fromthe Sea” [Ref. 32]. The
OperationaManeuver fronthe Seaincludes operations conductgdm theAir, Surface
and SubsurfaceNavy, Marine AirGround Task Force, Joidtrmy-Navy-Air Force and

Allies. It also includescrisis responsend escalation operationgzorward... Fromthe
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Sea’smain is the presenceof the Naval forcesoverseasit is alsoa continuous
to US allies and friends worldwide by participation in combined
exercisesvith them.

The warfaremissionsare a subsetof the daily operationsof an underwayBattle
Group (BG). These core missions shapethe set of required features for the
MILSATCOM systemsModern warfare demands the exchangeformation intensive
datasets, videojmageryin order to support teleconferencing, retargetinigsionstele-

medicine andraining [Ref. 20].

Warfare Commanding Miscellaneous
Amphibious Joint Task BG Operations
Naval Logistics
CarrierBG(CVBG) Surveillance
AmphibiousTask
UN Relief Operations
Landing
Mine JointForceAir
Special CombatlLogistics Group
Strike | MaterialSupport

Mine warfare

Table3.1 TheMajor Naval Missionso be Supportedoy MILSATCOM
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3. Required Featuresof MILSATCOM
Theobjective of any MILCOM network, is to be able to maintain
underthe mostunfavorableircumstances [Ref2). Thesamedea
applies to MILSATCOM,which is consideredas part of an integratedcommunications
network. In order to achieve effectiveand impervious MILSATCOM, specific
requirements mudtefulfilled . Thesearethe following[Ref. 3]:
Protection. Al communicationdinks must beresistantto hostile attacksThe
threats can divided into two broad categories[Ref. 22]:  Physical and
electronic. Physicahreats carbe physical impact weaporn(issiles,mines),
direct energy weapor{laser particlebeams)and nuclear weapongklectronic
threatscan be primarily jammingof the uplink , the downlink or both, and
secondly InformatiorWarfare(IW), comprisedby intercepts,intrusions and
deceptionsind/orby combination®f thethree.
Capacity.lt becomes verymportantastime passedecausef two reasons.
Firstly, the enlargemenbf the numberof users requireSATCOM capability
large group®f shipsto thelower echelonsn thebattlefield. Secondlythe
service®offered, includenorebandwidthdevouringapplications. Theseonsist
of imagery targetingdatabasdransfersand video. Althoughthe nearterm
vision of MILSATCOM encompasses some componentgjich will
contribute this areacanbe enchancetly theuseof commercial assets.
Coveragelt is very vital for MILSATCOM to provide complete coveragé
the entireglobein orderto support distributed forcemdependenbperations
and shipsin transit. The currentand near term limitation of lack of polar
coverageon behalf of MILSATCOM, can offer a field of applicationfor
commercial systems thpbssesthisvirtue.
Access.It should be delegatedto the lowest appropriatievel, basedon
priority. Dynamic assignmenbf resourcesis also a measureof the access

capabilityof the system.
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Mobility. The future US Army doctrine, concerningAirLand
Operations” [Ref23] foresees amallerarmy than today, with threedistinct
characteristics:global responsibility,high mobility, and bigger Dbattlefield
dispersion.It will no longer be of vital to assume control over
entire land massesOn the contrary, operationgill require that only key
positions to be held. This situation seemsto be tailored for the use of
SATCOM assetandin addition to this commercidSS.

It is the ability to trade protection with capacity.A
flexible system needs multiple path and an open systems
architecture. This other areawere commercial providersan be versatile
contributorsto MILSATOM.

The ability of a specific MILSATCOM system tobe ableto
cooperatewith other DoD, governmental,allied nations and commercial

systemss alsovital.

C. CURRENT AND NEAR TERM MILSATCOM SYSTEMS

The first comprehensivéJS MILSATCOM was establishedn 1976
[Ref. 18]. Today MILSATCOM systemscan be categorizedin two ways. Firstlyit is
identified by its usergroupsandtherefore by the dataates these groupequire.These
groups are narrowband,wideband and broadcastfRef. 3]. Secondlyby the frequency
spectraat which thesesystems operat&@hey aredivided again into threemen categories:
Ultra High Frequency Fleet Satellite (UHF Super High Frequency(SHF)
DefenseSatellite System(DSCS) and ExtremelyHigh Frequency(EHF)
Military Strategic and Tactical Relay satellite(MILSTAR) [Ref. 19]. The various
SATCOM categories,eitheruser orientedr frequency orientediavean overlapin their

usages. Thisanbeperceived fromthe MILSATCOM overviewin Figure 3.1.
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The various MILSATCOM assets ara of the Naval
System (NTS). NTS is controlledand monitored worldwideby the Naval Computer&
Telecommunications Area Master Stations (NCTAMS) as well as the Naval
Stations (NAVCOMSTA) shown in Figure 3.2. NCTAMS and
NAVCOMSTA are responsible,among other missiondor operationsof SATCOM
transmittersand receivers[Ref. 19]. In a typical NCTAMS compoundthe SATCOM
installations are: the technical control and basebandequipment, the

satellite facility andthenaval communicatioreenter.

Figure3.2 NavalTelecommunications SystemRCTAMS & NAVCOMSTA
andCoveredAreas Worldwide. “FronRef.[19].”
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1. Narrowband SATCOM

The purposeof narrowbandSATCOM (seeFigure 3.3) is to provide mobility
through marportable terminals, flexibility and tactical command control (C?)
connectivity.It is for voice channelsand Low DataRate (LDR)applications.
Narrowband SATCOMencompasseall the UHF, part of EHF and somecommercial

asset®f MILSATCOM. Descriptionsof all threefollow.

Figure3.3TheNarrowband SATCOMFrom Ref. [3].”

The UHF SATCOM constellationcurrently consistef a mix of four
21] of satellites:
TheFleet satellite$FLTSAT). Four, 24hour equatorial orbitGEO satellites,
built by TRW providethe FLTSAT coveragelhey have coverage between
72 N and76' S apparentlyith no coveragef the polarregions. The design
lifetime of FLTSAT is 5 years[Ref. 19].
The Leasedsatellites (LEASAT). They have beenin service,sincethe mid
1980sLEASAT hasoneS00KHz, seven25KHz and five 5KHz transponder
channels.
The UHF Follow-On (UFOQ) system. This is designedto provide future
SATCOM servicewill replaceall currentUHF assetslt is an eight satellite
constellatiorwhich is planned toprovide neaglobalcoveragebetween 71° N
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and71°S. It is designedo coverthe ContinentalUnited States the
Atlantic, Pacificand Indian oceansbut not the polesUFO satelliteshave a
minimumof thirty-four 25KHz andforty-two transponders dedicated to
individual channelsThis prevents mutuathannel interferencand allows il
implementatiorof Demand Assignment Multiplaccess(DAMA). Their mean
mission durationis ten years.They also possesdimited anti-jam capability
[Ref. 20]. Thefl UFO constellationis expectedto be operational 1999
[Ref. 3].

e The satellites.They provided the initial UHF capability to the US
Navy. Theyareatthe end of their mission duration andrebeing replacedy
LEASAT and UFO.

The EHFpart of narrowbandis MILSTAR-LDR. The US Navy participatesn
MILSTAR with Navy EHF program (NESP). This offers small portable EHF
terminalscompatiblewith existing and planned payloadBhe use ofsmall terminals
enables rapid mobilitio crisisandconflict areasThe LDR MILSTAR transponder has
datarateof 2.4Kbps andthe capabilityto 15usersat onetime [Ref.19].
Thetranspondersreinterconnecte@nd utilizeonboard signal processingapability. The
featureof on board processingnprovestheantijam capabilityof theMILSTAR satellite

(seeFigure3.4).

JAMMER

Repeating
Satellite

Figure3.4Anti-jam Capabilityof MILSTAR Transponder “FroniRef.[19].”
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The third part of narrowbandSATCOM well known commercial provider
INMARSAT [Ref. 3]. The US Navy usesheINMARSAT services taaugmentts tactical
shipboard The INMARSAT network uses eighGEO satellites and
includesover 2000 Ship EarthStationg SES)and 30 CoastaEarth Stations (CES) [Ref.
19]. Havingthe precedencef INMARSAT narrowbandSATCOM offersa greatareaof
opportunity for the potential application of other very promisingand ambitious

systemsespecially  thefamily of LEO andMEO MSS.

2. Wideband SATCOM

Themissionof wideband SATCOMsee Figuré.5) is to providethe units afloat
with the capabilityfor applicationgequiring mediunand high datarate (MDR & HDR),
suchasimagery transfer,videoteleconferencingor C¢ systemsWideband SATCOM
encompassed the SHF, partof EHF and somecommerciabssetsiamed “Challenge
Athena” [Ref.3].

SHIPS SHORE

Figure3.5TheWidebandSATCOM“From Ref. [3].”

The SHF portion of widebandis the DSCSII and III. It supportsprimarily

strategic longhaulcommunicationand sometacticalcommunicationshe DSCS isa tri-
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service resource administerecby the Defensénformation Systemagency(DISA) [Ref.
19]. The DSCSassetaresharedoy DoD components asell as defenseelated agencies,
suchas National SecurityAgency (NSA), Drug Enforcement AgencyDEA), and the
Central IntelligenceAgency (CIA). The DSCS constellationconsistsof eight GEO
satellitesin 24-hour equatorial orbit. Their desidifietime is ten years. The DSCSII
satellitesarecurrentlybeenreplacedby the DSCSIII version.The connectivityaswell as
the communications capabilitie Navy’'s DSCS communicationsare shownin Figure

3.6. Some of the characteristics ofSHFareantijamcapability, joint and

Ship-to-Shore

75-bpsorderwire TTY " Shoreto-Ship

75-bps data

75-bpsC? TTY and recordraffic
(shared broadcast)

75-bps order (shared)

END
USER
SHIP1

TERRESTRIAL
- EXTESIONS
SHIPN (SHORE
SHIP2 CIRCUITS)

Figure3.6 US Navy DCSCConnectivityand CapabilitiesFrom Ref.[19].”

allied interoperability, MDRand HDR throughputand high availablecapacity[Ref. 3].

TheDSCSconstellatiorwill be modifiedthrough theServicelife Enhancement Program

(SLEP) until 2003.
The EHF componentof wideband is the MDR of MILSTAR. The only
differencefrom LDR MILSTAR restsin the antijam performancef the system. Anti-jam
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capability is inverselyproportionalto data rate and thereforedeclines aswe go from
LDR-MILSTAR to MDR-MILSTAR [Ref. 19]. On the other hand,both systems have
less vulnerabilityto nuclear effects comparedth SHFand UHF systems du¢o EHF
frequencyuse. The combined effectof absorptionand scintillation v have shorter
duration thanat UHF and SHF [Ref. 18]. The MDR-MILSTAR transpondethas a
maximumthroughput of 40 Mbps andthe userchannetlata ratesary 4.8 kbps to
1.544kbps [Ref. 19]. The MDR-MILSTAR constellationalso named S
expectedo be fully operationaby 2002[Ref. 3].

3. BroadcastSATCOM

Themission of broadcast SATCOM (sefigure 3.7) is to provide thedeployed
forces of US Navy with the capability of receivinglarge amountsof information
worldwide. Broadcast SATCOM encompasses th&JHF Feet Satellite Broadcast
(FLTBCST)andthe Global BroadcaService (GBS]Ref.3].

Figure3.7 TheBroadcasSATCOM"“FromRef. [3].”

The FLTBCST is generallyreceivedby shipboard subscribersn UHF channell
of the US Navy. This isdivided intofifteen subchannels, eadperatingat a datarate of

45




75 bps. All 15 subchannels aréime Division Multiplexed (TDM) into a 1200ps data
stream. The uplink (from shore stations)s performed at SHFspread
spectrumvia the terminal and the downlink at UHF via
receiver)with data ratel 200bps [Ref. 19]. A secondchanneloperating on UHMboth for
up and down links provides a backupcapability. UHF FLTBCST is used for
teletypewriter equipment thusaving so limited broadcastapability[Ref. 19]. Its usage
will be become redundarindobsoleteasthe GBSprogram evolvem thenextdecade.
GBS is a DoD application' of commercially developed technologit. will be
implementedyy the US Navy in a threephasedlan [Ref. 24] andit is goingto enhance
the situationaland battlefieldawarenessf the Navy's mobile and on the move usersilt
will provideaccommodation fohigh bandwidth applicationsuch asmageryandvideo
servicesBecausef its great importance for thgS Armed Forcesand DoD connected

agencies it wilbepresented separateindin detailin thefollowing chapter.

D. SUMMARY

Thecharacteristicanissions and servicesf US MILSATCOM systemsiave been
reviewedin this chapter. In additiono this, the currentand nearterm MILSATCOM
systems havéeenpresented. Theommunication needsf the US Armed Forcesare
increasing everydayy the introductionof increasedandwidthconsuming applications.
Moreover,the US MILSATCOM assetswill be in needof replenishment duringhe first
decadeof the century. Thesewo factorsmakethe applicationsof LEO and MEO

systemsn military communications, particularlyy narrow and wideband,
look veryattractive.» Someof thesesystems, althoughplannedfor commercial usgpossess
featuresand capabilitieswhich, under certain circumstancean offer MILSATCOM a

verypromising alternative fathe21™ century architecture.
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IV. GLOBAL BROADCAST SERVICE

A.  INTRODUCTION AND BACKGROUND

The application of Direct BroadcastTelevision Service (DBS TV) using
sophisticated satellitend electronic technologin orderto transmitvideo programs to
its subscribers halseenwell developedand practicedy commercial providersver the
last five years. Theseproviders supply their customerswith Very Small Aperture
Terminals(VSAT) andcompact‘settop” electronidnterface boxedpr thereceptionof
hundreds of videohannels in their individual homegRef. 24].

ExistingUS military terrestrial and satellite communication systeareexpected
to be saturatedn the early phasesf any conflictby the enormousmountof information
thathasto betransmittedo thevarious combatammmmandsndunits. The

Control, CommunicationsComputersand Intelligenc€C4I) capability of
theseunits is directly dependentn the ability to receivecritical informationproducts
suchasintelligence, weatheor logistics. These products aresuallycomposedf huge
datafiles, thereforethey requirenigh channel capacitgnddataratesin orderto arrive at
their desired destinatiomstime for effectiveoperationalitilization.

GlobalBroadcast ServicgBS)is aDoD applicationof commerciallydeveloped
technology t is the ideaof DBS TV modifiedto accommodatmilitary purposesit will
provide nearreaktime receptiorof imageryanddatato the lowest echelonsf the US
Armed Forces.GBSW augment the&C41 capabilitiesof current MILSATCOM systems
by providing high speed, onevayinformationflow to thevariousmilitary users.This,in
effect,will enhancehe situationabhndbattlefieldawarenessf mobileusersandthe users
onthemovein land, sear @ [Ref.25]. GBSconceptof operationsanbe perceived

from the overviewin Figure4.1.
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Figure4.1 GBS Concepbf OperationsFrom Ref.
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B. SYSTEM AND

GBSis going to beimplementedby the US Armed Forcesn a thregphasedplan
[Ref.24]. Thisplanis currentlyunderwayandevolvingdaily asoperationgproceedand
GBS users getn initial handson experiencavith the project [Ref. 24]. The prescribed
approachis to provide the greatestapability as rapidly as possiblewith follow on
expansionn order tomeetthe everydaygrowing needsf the Navy. In additionto this,
the GBS concept, although aital componentof the 21" century MILSATCOM
architecturegdoesnot prejudge the outconma this architecture.

The Limited Demonstration, the InterirMilitary Satellite Capability andthe
ObjectiveSystem[Ref. 24] comprise thehreephasesof the plan and arediscussedn
detailbelow.

1 Phasd or Limited DemonstrationPhase

Ts phasewasinitiated in 1996andis plannedto endin 1998.It entailsthe
following [Ref. 24]:

¢ Inauguralacquisition of commerciallyleased capacitpn ContinentalUS

(COWS) satellitesin order to supportselectedexercisesand conceptof
operationslevelopment

e Initial acquisitionof the future space, grourahdusersegments.

e Determinationof products and applicationswhich best suitthe navy

commanders requirements.

¢ Information managemetdols andalgorithmsdevelopmenandrefinementof

theinitial concepf operationgRef. 24].

Phase | iscomposedof two componentqdRef. 25]. Thefirst oneis the “GBS
Testbed”. It is operatedby the Defenselnformation System#gency (DISA) and
managedy US SpaceCommandUSSPACECOMTY heuplink facility, whichis alsothe
BroadcasManagemenCenter(BMC) is locatedin the PentagonThis is performedby

leasedcapacityon ContinentalJS (COW S) satellites, for supponf selected exercises
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and demonstrationshy the useof Ku-band spotbeams.Thecoverage areaof the “GBS
Testbed” Is the CONUS andthe Hawaiianlslands [Ref25]. It is focusedon theconcept
of operationglevelopment agell as testandevaluation.

The second paris the “Joint Broadcast ServicgBS)” for the supporbf the
European Command (EUCOM) based in Stuttgart, Germany. Itis a part of the
AdvancedResearch Project&gency BosniaC® augmentatiorinitiative
(see Figured.2).1t alsois transmittedfrom the BMCin the Pentagon through leased
satellite capacityJBS hastwo Information Managemer€entergIMC). TheJointIMC
(JIMC) in the Pentagonand the EUCOM in Stuttgart, Germany. In
additionto this,JBS hasaTheaternjection Site(TIS). TIS alsohasbroadcastapability
andis the predecessasf the Theater Injection Points§ GBS phasell. The coverage
area ofJBS is the EuropeanContinent. Its missionsconsistof the dissemination of
UnmannedAerial Vehicle (UAV) video, CNN, Operationdntelligence
data as well as Moral Welfare and RecreatiofMWR) programs.The receiversare
positioned in several grourfdcilitiesin Bosnia, Hungary,Italy andUnited Kingdom, as
well asonboard severalUS Navy ships.The deployednode of the JBS configuration
containghefollowing threeparts:

e A VSAT antennanemeterin diameter.

e TheJBS communications raclwith oneTV andVCR, whicharecapableof

receiving and recordingp to four video channelsswell classifieddatafrom
JBS such as imagery, Signals Intelligence (SIGINT), maps, weather and
logistics information.

¢ An information sevewith 60 Gbytescapacity.

The datarate offered for phasel is 23 Mbps [Ref. 25]. The satellitesusedare
two GEOs: the Orion which disseminatethe JBS broadcast C? information
andintelligenceto the nodesandthe INTELSAT 602 which is responsibldor the high
bandwidthsecurdnternetwith thedeployed andearechelon nodes.
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2. Phasdl Interim Military Satellite Capability Phase

This phasestartsin 1998andis estimated to endin 2006 [Ref. 25] although the
end of this phase wasmitially plannedfor 26]. Phasdl entailsthefollowing:

e Initial placing of GBS package® UHF Follow On (UFO) GEO satellitess™

and

e Acquiringuserterminalsandinformation management systems.

¢ Integrationof GBSwith Defensdnformation Infrastructur€DIl)

¢ Completeconnectivityof thevariousprovidersof highvolumeinformation.

An overview of the GBS onUFO configurationis shownin Figure4.3.The
primary feature of phasell will be the Commandein-Chief (CINC) responsive
broadcast managemejiRef. 26]. CINCs will be able totransmit broadcast servicks
units in the field. Theseserviceswill contain standard productsd theatertailored
information asthey becomeavailable. Thigs the concepbdf “Smart Push” broadcast
from the CINC to thefield units [Ref. 26]. Anothercharacteristiof GBS phasél will
be the “User Pull” concept. Userswill processtheir informationrequests to the
appropriate CINCyia MILSATCOM paths other than GB&hdreceivetheinformation
throughGBS products.This GBS capabilityfor “SmartPush”and ‘User Pull” provides
thein-field warfighting units with enormousformation warfargotentialat a near“real
time” response.

The representative broadcastdfered by GBS will be warning, intelligence,
operations, logistical, medical, education,training, weather,mapping,
softwareupdatescommercial newservicesand quality of life programsin additionto
these, especialljor USN deployed forcescommon tacticapicture, theater missile
defensepicture, targetupdates,Air Tasking Orders (ATO), theatemap updates,
message traffiandimageryfor targetingcanalso bedisseminatedia GBS.A deployed
Army or Marine Air Ground Task Force (MAGTF) unit can benefit from GBS
broadcasproductsby the receptiorof warning,tactical picture ATO updatestheater
map updates,intelligence, imagery, tacticdUAV products, weather, logisticddata

bases, andhedical

52



Primary Injection
16-meterTerminal

Fixed & SteerabléJplinks
Broadcast Injection

(#1-4}

. Downlink

Transponders Steerabl&pot Beams

' 22-inch Rxonly UserTerminals




a. Phase II SpaceSegment

The spacesegment for the second phasensistsof the GBS/UFO
satellites and a satellite control elementand leased commercial satellite
services[Ref. 26]. The satellites (se€&igure4.4) will be of the GEO family,

with an inclinationof 6 degreesand adesignlife of 14 years [Ref24].

Fixed GBS Receive Anten UHE Transmit Antenna
FowardSGLSOmni Antenna
UHF ReceiveAnten
Steerabl&BSReceive
Y, GBS Steerabldransmit Antenna
Steerabl&HF Antenna
(in stowedposition)
Figure44 The Satellite"From Ref. [25].” .

The payload of the GBS/UFO satellitesW consistof the following partsand
characteristics: -
o Onefixed uplink patch receive array witminimumG/T of -2.25 dB/°K and
2.2° full anglebeamwidth.
One steerableuplink patch antenna wittminimum G/T of 1.75 dB/°K and
0.9° full angle beamwidth. Uplinkirequencies foboth antennasare 30.095,
and30.395 GHz Right Hand Circularly Polarized (RHCP).
e Three steerablespot beam downlink antennasThey will have one 2000
Nautical Miles(NM) diameter, wideareabeamat a datarate 1.5Mbps and

two 500 NM diameter, spot beams at 24 Mbps each. The downlink
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frequenciesare 20.475 20.595 GHz. The antennaswill
be controlledeither throughEHF or T&C protocols.
Theconceptual coveraggreaof GBS phasdl is shown Figure4.5.

e Four 130 Watts transponderswvhich will have a minimum narrow beam
downlink EIRP of 53.2 dBW each. They will also be equipped with
configurable uplink antennatransponderand #ed  transpondedownlink
antennanappings.

e “Bent pipe” operationNo demodulatioror signalprocessingwill take place
onboard the spacecraft. The received uplisignalsW be convertedto the
downlink frequencyandretransmitted througkhe appropriate spdieamto
theusers.

e It will not be hardenedand it will also be appropriate forUFO satellite
operations.

0. -- “H_

-90.0 -60.0 -30.0 0.C 300 0.0 90.0 120. I5C.  i8G.  210.  240. 27C.
Long:tuae

Figure4.5 The (Phasell)Coverage “From Ref25].”
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b. Phase 1l Broadcast Managemenbegment

The GBS management segment consisfdwo major elements. These
are the Transmit Broadcast Managem@rBM) elementand the Receive Broadcast
Management(RBM) element. The TBM function is to constructand processthe
broadcastata streamsand also managetheir forwardingto the appropriaténjection
pointsin orderto be transmittedvia the GBS satelliteto the userslt will maximizethe
in-orbit capabilities to includeuplink and downlink beam steeringand transponder
configurationgRef. 26]. Thespotbeamcontrolis scheduled tgpossess thability to re
point thebeamin 30 minutes [Ref24]. Finallythe TBM will containa Global Broadcast
Coordinator(GBC) which will manageandprovide systenfevel status, and
performance characteristiosthe GBS operations/orldwide [Ref. 26].

TheRBM functionis to supportthe information disseminatiofnrom thereceiver

terminalto the user’s receive suitefhe RBM will, in essencebe inside this receiver

suite [Ref26].

C. PhaselI Terrestrial Communications Segment

TheTerrestrial Segment (TCS} thelink betweenthe
Primary Injection Points(PIP), TBM, major Defensdnformation System Network
(DISN) nodesand other government networkfRef. 26]. It will support the data
transferfrom theinformationsourcedo the TBM anduplink elements.

d. Phasell Terminal Segment
TheTerminal segments consigk thefollowing threeelements:

e PrimarylInjectionPoints(PIP).It will be equippedwith a 16 meter diameter
parabolic antenna dishhich is ableto transmitfour uplink beams at a data
rate of 24 Mbps each[Ref. 25]. All PIPs will be fixed facilities and will be
locatedinside existing military installations.Therewill be threePIPs, each
onegeographically inside the footpriot each satellite[Ref.26].
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3.

Injection Points(TIP). They will be equipped with oneto
four antennasTheywill havean 8 or 20 feetdiameterwith data ratesf 6
and 24 Mbpsrespectively [Ref25]. Theyareplannedto befielded in tactical
EchelonsAbove Corps(EAC). The numberof plannedTIPs for phasell is
three.
Receiverterminal element. It will be equippedwith a 22 inch diameter
parabolic dish antenngRef. 25], Low Noise Block (LNB) converter
amplifier anda demodulator decodei.he receiver terminaklementwill be
fielded in six different configurations: &Non-ruggedized GroundReceive
Terminal (GRT), a ruggedized GRT Shipboard Receive Terminal (SR%),
SubSurface Receiv@erminal(SSRT),anAirborne Receive TermingART)
and finally, a manportable configuration fouse covert and Special
OperationgSO) [Ref. 26].

Phase I Or

Phase111spans beyond 2006t will provide thetotal GBS solution and is

‘planned to field aminimumof five satellitesvith twelvetransponders pesatellite seven

steerablespotbeams, and a datarate of 270 Mbps for eachsatellite [Ref. 25]. The

actualform and sizeof the GBSspace segmeuind groundsegmenis

yetto be determinedhroughtheDoD SpaceArchitect's studyandin cooperationwith.

the GBSprogramoffice [Ref. 26]. Theprimaryobjectivefeaturesf phasdll will be:

Full earth coverageand worldwide broadcastapability. The conceptual
coverageof phaselll is shownin Figure 4.6.The steerable spdteamsare
expectedo have400and 1000NM diameter.

Complete acquisitionf spacegroundandusersegmentaswell asARTs. It
is plannedto provide TIPs down to Corps signal brigadesas well as to
division signal battalions.
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e Completeintegrationwith the DISN, Global Command andControl System
(GCCS)and otherintelligence broadcasind theaterinformation

systms.

Q0. l | 1 i 1 | l

-90. 1 f f l i 1 1 t 1 1 [
-90.0 -80.¢ -30.0 3.0 30.0 &C.0 30.C i2C. *50. 18C. 2i0. 240, 270.

Longliuge

Figure4.6 TheGBSPhasdll Conceptual CoverageromRef. [25].”

C. SUMMARY

GBS is a developed technologfor accommodatingBroadcast
MILSATCOM missionsand purposesn the 21" century. The basiccharacteristicare
high poweranddata rateatellites aswell asVSAT technologyreceive equipmentt will
offer the US Armed Forces,andthe USN in particular,smart deliveryof informationin
orderto bridgethe USN situationabwarenesand operationakffectiveness gapfef.

25].
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V. THE COMMERCIAL ALTER NATIVE

A.  INTRODUCTION

This chapter explores the concepprovidingpart of the needsof MILSATCOM
with COMERSATLEO andMEO PersonalCommunications ServicdBCS)systemsr
Mobile Satellite Systems (MS®)y whichtheyarealsoknown. It is not anundertakingo
apply a commercially basedchnologylike the GBS projectdescribedn chapterd On
the contrary,it is the military applicationof the MSS themselves.SatellitebasedPCS
systemgossess the capability, under cer@mumstancegp satisfythe communication
needsfor military “on the move” and“mobile” users.The employment of COMERSAT
PCS by military userswill offer them threemajor advantageg$Ref. 27]. Firstly, the
transfer oftraffic from military to commercialsystemswill up the capacityof the
former. This, in effect, will enablethe military systemgo accommodate theeeds ofa
larger numbeof tactical users. Secondly, thestof use, althougknitially high, will be
graduallyreduceddue to thecompetitive naturef COMERSATPCS systems. Thirdly,
the MILSATCOM will benefitfrom theuseof stateof theat commerciakechnology.
Combining these three advantageswith the need for replenishmentof the US
MILSATCOM during the first decadeof the 21% century, makesthe application of
COMERSATPCSto military communicationsvergttractive.

The perceived associatedvith COMERSAT asappliedto military
communicationgre examined,as well as areasn which commercial systems can be
valuable.A comparisonof commercial LEOand MEO systemaunder investigationin
accordancevith these is attemptedn order tooffer a “complete picture”

description.As a conclusionto this comparison,the commercial alternative, model
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B. WITH
USE IN MILITARY APPLICATIONS

The objectiveof this chapteris to producea modelarchitecturdor the needsof
MILSATCOM comprisedmainly, by commerciaLEO and MEO MSS. Therefore, the
systemsunder investigationneedto be comparedwith each otherusing
suitablefor military communicationapplications.The perceived associated

with COMERSAT in military communications applications areystems availability,

of servicejnteroperability, protection,security,Low
Probability of Probability of Detection coverage, conference
servicelimitations [Ref. 27], terminalandservicecosts,mobility, signalquality,

systemgontrol[Ref. 2].

1. SystemsAvailability

Globalstar, Iridiumand Odysseareplannedo beavailable after 1988 to after
2000 [Ref. 2] thoughthey are not yet completelyfinanced.ICO will be operationaln
2000and appearto be a stronglyfoundedand viable projectbackedby many countries
[Ref. 14]. ThelatestinformationaboutTeledesisuggestthatit will be scaledbackfrom
its original configuratiorof 840LEOs to 288 LEOs at higherorbit. After undergoingts
final refinementwhich emerges fronthe coordination,Teledesicis
more likelyto be operationaby 2002 [Ref. 28]. The modificationin the Teledesicspace
segment is not expected #dfectthe restof the project, asummarizedoy H. Stelianos
[Ref. 2] for the “Internetin the Sky” conceptgiven thefact thatTeledesichasrecently
acquired the=CCllicense for its operationdeploymentThe FCC licensefor Teledesic
wasissued on Marcti997.

The abovefacts makeICO the first choicewith regardto availability with the

remainder of the systerfadlowing afterit.
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2. of Service

DoD requiresassuredind reliable serviceriority andinformationexchange
for its 17]. During acrisis, military useramnay getbusysignalsdueto increased
demandfor service,which exceeds thaominal capacityof a given MSS. In order to
avoid service degradatiomilitary PCS userseedto havethe capabilityof
a priority service provisioning, through special signaling 27]. Capacityis
another relevant parametewhich is inversely proportional to service degradation.
Teledesic places firgh the capacityrequirementvith 100,00Gull -duplex,basic16 kbps
connectionger satellite. Havinghe 16kbpschannehsthe basic, Teledesiccanoffer up
to 2.048 Mbpsand 1.244Gbps[Ref. 2]. This capacitymakesTeledesic¢he one andonly
candidatefor the wideband portion of MILSATCOM. In the narrowbandfamily, ICO
againassumes the first plaegth 4,500channelper satellite with dataratesfrom48 to
9.6 Kbps. In addition to this, ICO possesses thé&lobal System for Mobile
communications (GSM3pecifications fohigh priority userswhichcanff  the service
degradation 17]. Odysseyand Globalstar followwith 3,000and 2,400
channels pesatellite, respectiveljRef. 29], with power limited Iridium coming last with
only 1,100channelgRef. 2]. A complete of thefive MSS’s data

ratesfollows in subsectiomB. 120f thischapter.

3. Interoperability

Interoperabilitypetween differerfPCSsystemss a highly desired capability,
especiallyfor military users.However,it is cumbersome to achiedeieto the natureof
independent development thesesystemgRef. 27]. This happenshecauseall service
providers want t@rotecttheir systems’ proprietampformation. CodeDivision Multiple
Access (CDMA) based systems,such as Globalstarand Odyssey,can theoretically
interoperate over each othetgellite, but thedifferencedn their technologywill makethe
costfor asinglereceiver a nopermitting parametgRef. 27]. Ontheotherhand,systems
supported with Personal Computdemory CardinternationalAssociation(PCMCIA)
compatibility suchasICO can provamoreflexible in the interoperability’challeng@®oD,

aswell asfuture PCS militaryusers, suchsUnited Nationpeacekeepinfprces,will need
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an approachsuchthat a terminal be availableat no additionalcost. The
Teledesic vehicle mounted terminglenvisionedas a presentlaptop computerso it is
assumedo havePCMCIA compatibility; a featurewhich is a currentstandard forall

laptopcomputers.

4. Vulnerability and Anti-jam Protection

Not oneof the five MSS under investigations designedto defend itself
against intentional jamming. Anti-jam protection is a major issue for every
MILSATCOM system Themore sensitivpart of a satellite link is consideredo bethe
uplink. Intentional jamming of the uplink by an adversary can render thser
community” without any communicationlink [Ref. 2]. Spread spectruntechniques,
particularly CDMA, can offer a level of antjam capability. As already mentioned,
Globalstar and Odyssegonfigurationsare equippedwith CDMA [Ref. 2]. Another
featurewhich could enhance thantijam protectionis the links. Teledesic
andIridium will be equipped with suclinks [Ref. 2]. On the othehand,the concepbf a
transportabl®oD operated gatewayyot neededin the vicinity of a tactical operation,
andplacedin arelatively safebackstage location, could prove be the most preferred
solution for this problenjRef. 27]. ICO will be able to provideglobal systenmaccess,
independenof theregional communications via dedicated circuitand/ora
DoD operatedgateway[Ref. 17].

On board processings anotherfeaturethat enhances thanti-jam capability(see
figure 3.4) of a processingatellite comparedo a repeatingatellite [Ref. 19]. Teledesic,
ICO andIridium areequippedwith on boardprocessingechniquesvhile Globalstarand

Odysseyarenot [Ref. 29].

5. Security

DoD requires Secure Telephornit-111 compatibility for any PCS
systemthat is goingto be usedfor military communicationg[Ref. 17]. This is an
encryptionalgorithmmeantto beincorporatednto anyPCSreceiver. Securitis anissue

of major concern forall PCS users whethémn the military domainor not [Ref.27]. A
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traditionalthreatexample that applies toPCSis the attack™duringwhich an
unauthorizedadversary pretends be oneof the authorizedusers, thugaining accesso
the network and his information warfaresabotaggRef. 27].
Securenetwork access cape accomplishedoy standardizecuthenticatiomprocedures
both in national and alliedlevels. Teledesic possess law-level, userauthentication
function[Ref. 2].

Security procedure®r dataandmessaging servicesanbe implementedhrough
the National Security Agency (NSA) cryptographicalgorithm Multilevel Information
Systems Securitipitiative (MISSI). Thisis alow costmethodto protectunclassifiedout
sensitive messagirfgr the DefenseMessaging SystertDMS). MISSI is implemented
through the Fortezza crypto camdhich is a portablecryptographianodule basedon
PCMCIA standard configuratigRef. 27].

Globalstar Jridium, Odyssey and'eledesic do not supportup to this moment,
eitherSTU-111or PCMCIA compatibility.On the othethandthelCO handsetwill beable
to supportSTU-III aswell as Fortezzacrypto requirements througthe multiple slot

allocationandPCMCIA card features respectivdief. 17].

6. LPILPD

LPI/LPD is another vital requiremenfor all MILSATCOM systems
including MSS. These two coupled issueserelatedwith the coverage awell as the
waveform usedby any MSS [Ref. 27]. An MSS can offer worldwide connectivity to
mobile usersand “userson themove”, however this feature camakethese users very
vulnerablef their transmissionare “triangulated’by an adversaryAn investigationon
LPD performedby ATT calculatedprobability of detectionfor Iridium andTeledesiap
to 90%. On the otherhand, CDMA basedsystemslike Globalstarand Odyssey can
achieveonly limited signaldetection becausaf the spread spectrutrachniquethey use
for their signals[Ref. 2]. Teledesic,Iridium and ICO do not possessan LPI/LPD
capabilityof anykind duetheir primarycommercial nature.

A factor affectingLPI/LPD is the averagdransmitted powefrom the handheld
receiverof eachMSS. 1CO hasthe smallespowerat0.25W, Iridium at 0.34W, Odyssey
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at0.5W andGlobalstaat0.7 W [Ref. 17]. Naturallythe wideband Teledesiccomedast
with 4.70W [Ref. 29].

7. Coverage
The DoD requirementfor satellite coverages 90° north to 65° south

latitudesand intuitivelyd longitudes 24 hoursa dayfor sevendaysa week [Ref. 17].
This requirementis imposed inorderto administerthe newly introducedUS Army
conceptof “AirLand .operation$ which envisionsa much larger battlefield
with smaller, more effective and dispersedforces [Ref. 23], as well as the USNs
""Operational Maneuvdrom the Sed' and ""Forwardfrom the Sed' missions|[Ref. 32].
Moreover theMILSATCOM mustbe capablegio supporfoint operationsangingfrom
peacetimeengagementso war [Ref. 2]. Thus the coverageapability of any MSS
becomes driving factorin its evaluatiorfor amilitary application.The satellitecoverage
of the five commercial MSSunderinvestigations shownin Table 5.1 below and the
resultingconclusion aboutoverage superiorifg selfevident.Theinformationis derived

fromReferences and17.

Mobile Sat.System  North Latitude SouthLatitude
1 ICO 90’ 90"
2 Iridium 90’ 90’
3 .Globalstar C74" 4
4 Teledesic 72' 72
5 Odyssey 70 55°

Table5.1 Satellite Coveragef CommerciaMSS
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8. Conference Service Limitations

Many currentDoD operationsaresupportedy meansof UHF SATCOM
conference networkdMilitary usersare equippedwith pushto-talk (PTT) radios. A
“push” onthe microphone activateale transmit carrieto allow all othergo listen. This
service cardecrease costs/ allowing the sharingof one channelamongseveral users
[Ref. 27]. Network disciplineis requiredin order to avoid two usersoccupyingthe
channelat the same timeDoD also requires“call priority as well as
priority serviceprovisioningfor all military usergRef. 17].

Iridium, GlobalstarOdysseyand Teledesicdo not possess conference service
feature[Ref. 27]. Onthe othehand,|ICO hasaccesgontrolandcall features
imposedby the GSM specificationsf multiple access levefsr high priority users|[Ref. .
17].

9. Terminal and Service Costs

Competitionfor customerss an inherent featureof every commercial
serviceproviderwhich appliedirectlyto the PCSmarket.Thiscompetition
comesn directanalogywith terminalas well asservice charge©nthe otherhand,one
can arguethat cheaperis not always better, but under today’s Defense
budgetsnot only in the US but alsoworldwide, costis constantlya factorof concerrfor
the military systems engineeAfter all, the needof a cheaperalternativeto a totally
ownedthus more expensivddoD is one of thedriving elementsof this
research.

The terminal acquisitioncost, the servicecharges peminute and the monthly
servicechargeof thefive MSSunder investigatioare presenteith Table5.2. Information
comes Referenceg, 17and30.All amountglisplayedare estimateth $ US.
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Mobile Sat. Terminal Cost Per Minute Per Month

System (US Dollars) (US Dollars) (US Dollars)
1 ICO 1000 0.45/USA 40
2 Teledesic 500-1000 0.25/USA

N/A
3 Globalstar 250-750 0.30/USA 23.6
1

4 Odyssey 450 24
5 Iridium 20063000 0.30/USA 50

Table5.2 Terminal and Service&Costsof CommerciaMSS.

10.  Mobility

The above satellite based PCSystems will offer endless communication
mobility to their users[Ref. 2]. The 21* centuryvision for the deploymentof military
forcesemphasizeshe issueof mobility. The futurewarfighterneedso beequippedwith
small sized,powerful terminalsthat will offer the ability of communicating continuously
andeffectively whilebeingeither“on the move”[Ref. 9] or “mobile”. Theseterminals are
envisionedto be equivalentin size with today’s cellular phones[Ref. 16]. All proposed
five MSS will possesshis capability, althougthe Teledesic terminalill not be handheld
but vehiclemounted[Ref.27].

11.  Flexibility

The DoD flexibilityrequirement for satellitebased systemsis to be ableto
provide military users connectivitwvith Public SwitchedTelephone NetworkgPSTN),
Public Land Mobile Network (PLMN) and Defense Informati@ystem Network

(DISN). Iridium, Teledesic, Globalstaand Odyssey possedbe capabilityof connection
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with PLMN and PSTN through gatewaysand dual mode terminalsrespectively [Ref2].
additionto theselCO possesshe potentialcapabilityof DISN connectivity,although

this featureis not currently [Ref. 17].

12.  Signal Quality

Theabovefive MSS systems, platto offer high signal qualityservicesTeledesic
will offer multimediaservicesvhile the otherfour will offer voice, facsimile, pagingnd
messaging servicgRef.2]. Thetypical Bit Error Rate¢BER) aswell asthe supportable
dataratesfor voice and data are displayedin Table 5.3. Information is taken from
reference2, 17and30.

Mobile Sat. Bit Error Rate Data Ratesin
System Kbps
Voice Data Voice Data
16 16-2,048

4.8 handheld | 4.8 handheld
>9.6 fixed >9.6 fixed

Globalstar 107 10° 48 2.49.6
Odyssey 10° 107 4.8 2.4
5 Iridium 107 4.8 2.4

Table5.3Signal Quality-eature®f CommerciaMSS.

13.  System<Control

Teledesic, Globalstaidridium and Odysseyare owned and operatedby US
companies[Ref. 2]. ICO is owned by a multinationalcompanyin which the US is
representedy Hugheswith 0.838%and COMSAT with 6.609%0f the ownership[Ref.
14]. It canbe argued thabDoD cannothavecontrol of thesesystems when is needed.

Onthe other hand, cooperatiorand agreement isf vital importance when
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global military action is underway. The recent exampleof the “Persian Gulf War”

multinational alliance offera perfect for this courseof action.

C. MILSATCOM FUNCTIONS FOR COMMERSIAL MSS
APPLICATIONS

The MILSATCOM requirementsre categorizebly varioussourcedglifferently. A
LORAL teamin 1993divided the MILSATCOM traffic accordingto these requirements
into two broadcategories. These were the “Cosaid “General Purpose’comprising2/3
and 1/3 of the traffic respectively[Ref. 31]. In addition to thesethe FederalSystems
Integrationand Managemen{FEDSIM) centerin the “CommerciaSATCOM technical
product”in 1995, provides #hird categoryof traffic with its own requirementsThis is
the “Hard Core”traffic [Ref. 20]. According to FEDSIM, placement of a SATCOM
requiremenin a particular categori dependenon the of theinformation and
the aswell as thdlevel of protection requiredor thecircuitin
a particularmission. Thereare candidate$or COMERSAT in all threecategoriesThe

of COMERSAT to military communicationss decideddynamicallyby the
CommandeiN Chief (CINC) and dependsn the missioncharacteristics awell asthe
strategicand tacticalenvironmentsAs the missions and/otactical situations change the
CINC can reallocate thesgrcuitsfrom COMERSAT to MILSATCOMand viceversain
orderto meetthe newoperationasecurity requirements.

The “Hard Core” categoryincludesthose that ardasic C* circuits critical to
strategic decisiomaking andthe successfuoordination requireeh orderto accomplish
a Jointmission[Ref. 20]. The“Hard Core” circuits thatarecandidates for COMERSAT
applicationarethefollowing:

e JointMaritime CommandnformationSystem (JMCIS).

¢ Officer-in-TacticalCommandnformationExchange System

o WorldwideMilitary C* System
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GlobalC* System (GCCS). Thiss currentlyreplacing
Satellite Tactical DatalLink (S TADIL).

The “Core” categoryincludesoperational asvell as tactical circuits that require

antijam protectionand LPI/LPD capabilities.The conceptof reallocationby the CINC,

according to the current tacticnditionsaswell asthe supposedenemy” IS

appliedto “Core” candidate circuitsThe “imagery applications'tircuitsthat arepart of

the“Core” requirementaindarecandidatetor COMERSAT arethe

[Ref. 20]:

Battle Group Force Overthe-Horizon Target Coordinator
Broadcas{BF/BG FOTC BCST).

Battle GrougnformationExchange System (BGIXS).

Common Usebigital InformationExchange System

Demand AssignmentMultiple Orderwire

Orderwire).

Defense Messadgystem ShigShorg DMS Ship-Shore).

DefenseSecure Network

Fleet Speed-leet Broadcast

Fleet ImagenBupportTerminal(FIST).

Joint Servicelmagery ProcessingSystemNational Input Segment(JSIPS
NIS).

JointWorldwide Intelligence Communicatiol@ystenJWICS).
Submariné&atellitednformationExchange Subsyste($SIXS).
TacticalDataDisseminatiorSystem (TDDS).

Video Information Exchang8ysten{VIXS).

InteractiveVideo InformationExchange System (ITVIXS). Than emerging
Navy requiremeniRef. 20].

Thevoice circuitsthat arepart of the “Core” requirementandcan be candidates
for COMERSAT are thefollowing [Ref. 20]:
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Anti Air Warfare Contack ReportingNet

Anti-Submarine Warfare ContagtReportingNet

Anti SurfacéWarfare Contack ReportingNet

C* & Tactical Securevoice.

Battle GroupCommanadand Tactical Nets.

C* WarfareCommand& Report(CW C&R).

Dual Advanced NarrowbanBigital Voice Terminal (DANDVT).
Joint Air CoordinationNet.

JointCommand Net.

Low-SpeedTacticalNet.

Marine Air-Ground Task Force (MAGTREJommand\ets] & 2.
MAGTF DetachmentCollection Net.

MAGTF IntelligenceNet.

MAGTF Reconnaissandséet.

MAGTF C? Net.

MAGTF Air Tasking Order(ATO) Net.

MAGTF LogisticsNet.

MAGTF Radio BattalioriNet.

MAGTF Tacticalnets1& 2.

MAGTF TacticalAir Command\et.

Manual Relay CentdviodernizationrProgram(MARCEMP).
Navy Key Management SystefNKMS).

Satellite HighCommand Net (SATHICOM).

Specialk Tailored Tactical.

Tactical DatdnformationExchange A & B.
TheaterUnique.

FleetCoreTacticalDatalnformation Exchange System (FLTCTADIXShis
an emerging Navkequirement [Ref0].

SHFDAMA.
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Finally the “General Purpose” (GP) categisyomprisedoy circuits thatmay be
allocated either to MILSATCOM or COMERSAT accordingo the specific mission

requirementsAll GP circuits are candidatedor COMERSAT applicationgnd are the

following:

Battle Group

Plain OldTelephone System (POTS).
PresdNewswire.

Sailor Phone.

Streamlined Automatitogistics Systen(SALTS).

SecureTelephongSTel), STU-II.

Voice, Video,Facsimile DataTerminal(VVFDT).

Air/Sea Video Teleconferencing (ASVT)lhis anemergingNavy requirement.
Fleet General PurposeTactical Data Information Exchange System
(FLTGTADIXS). ThisanemergingNavyrequiremen{Ref. 20].
Multi-Purpose MarineVideo Delivery System. Thisan emergingNavy
requirementandincludesPay-perviewtypevideo servicefRef. 20].

Navy IntegratedSwitchedDigital Network (N-ISDN). & anemerging Navy
requiremen{Ref. 20].

Navy Integrated SwitcheDigital Network Manpack (N-ISDNMP). Thisan
emerging Navy requiremefRef. 20

Navy LogisticsNetwork .

Quality of life Network. Distance learningynline bankingetc.
TomahawkMissionData Updateg§VDU) [Ref. 26].
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D. COMERSAT ALTERNATIVE MODEL ARCHITECTURE

Following review of & the COMERSAT applicationcandidatesn the previous
sectionit istime to introduceghe commerciablternativenodelarchitectureecommended
by the author.It is selfevidentthat no singleMSS can, by itself, accommodatd the
MILSATCOM needs. The model architecturds comprisedby ICO for Narrowband,
Teledesic foWideband andGBSfor Broadcas6ATCOM. The combinatiof thethree,
althoughnot perfectcontainghe mostadvantageanddesiredfeatures fofuture military
applicationsas soorasthe threecomponent systenisecomefully operationaby 2002.
Therecommendedrchitecturevill be describedn detailin this sectionandis refereedto
as“ITG”, from the initials of the threesystemghat compriseit. It shouldalso be taken
into account thatITG” is a on behalf of the author, conceived
under the auspicesf the US Naval Postgraduate Schoahd the US Navy, andhas

nothingto do with certaincompanies and/or organizations.

1. The TI”  Model Architecture Conceptof Operations

The*“ITG” recommended modalchitecture Concepf Operations (CONOP$H)
displayedn Figure5.1. Themodelis choserso asto providethe military usersin USA
and throughoutthe world with the most adequatdeatures, asvell asto receive more
benefitfromthe COMERSATMSS market.As statedpreviously,the models comprised
of ICO for narrowbandTeledesidor wideband andGBSfor broadcast SATCOMITG” '
will beusedby & radar,warplaneshelicopters), ground (individual
soldiers, tanks, communications trucka3well assea assets (Carrier battl@roup), as

illustratedin Figure5.1.
Thevirtue of the “ITG” model isthat eactcomponenwill operateindependent

from the other two,while at thesameime allthree  providefor the communication

72




ic( 88)

T 1

Figure5.1The“I'TG’ architecture Concejpf Operations.
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needsof a military force,in the threedifferent bandwidthrequirementrenas.The word
components usedhere to describthe individual satellitesystem.The same ideapplies
aboarda Naval platform where differettansmittersand receiversoperatein the radio
room, in order to provide for a specific channeleach.  of them participaten an

integrated communicatioptanfor the needf a specificTaskForceandits mission.

a Narrowband“ITG”

In the arena, althougthere are manycandidateslCO hasa
prominenfplacewith its globalcoverage4,500channels pesatellite andmainly, its GSM
originatingconfiguration[Ref. 16]. Although Iridium hasglobal coverageit hasfar less
capacitythan ICO becausaf powerlimitations[Ref. 2]. MoreoverlCO is far beyondthe
competition, thanost wellfounded andnternationally supporteMSS project. ICO will
be appliedto MILSATCOM in order to accommodate¢he “Hard Core”, “Core” and
GeneraPurposgGP)voicecircuits requirementdescribedn section Cof this chapter.

In additionto these]CO is suitablan theimplementatiorof the GBS
“User Pull” concept[Ref. 17]. “On the move” warfighters (se€igure5.1) will be ableto
requeststrategicandtacticalinformationthroughan ICO dedicated'User Pull” channel
and will receive the desirabpoduct throughGBS “SmartPush” transmissiorjRef. 26].
This applicationis an excellenparadigmof how andMILSATCOM assets
canbe effectively utilizedand co-ordinatedby an insightful CINC andhis staff whenthe

TaskForcecommunications plahasbeenmanagedndorganizedeffectively.

b. Wideband “ITG”

By taking intoaccount the commenédfacts foreachof the five MSS
under investigation,it can be seen that the only wideband system suitable for
accommodating certairpart of the widebandMILSATCOM needss Teledesiclt is the
only MSS madeandtailored to offer videoteleconferencing, interactivaultimedia and
realtime digital dataserviceghroughthe“Internetin the Sky” concep{Ref. 2]. Teledesic
hasrecentlyannouncea transformatiorof its original systenof 840 satellitesdistributed

in 21 LEO constellationso a system comprisedf 288 satellites distributech 12LEO
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constellationsln addition tothis, Boeingannouncedhe undertakingof the construction
as wellas futurelaunchingof the 288 satellitegRef. 28]. On the otherhand, Teledesic
acquiredits FCC licensein March 1997basedona filing which describeshe system
parameterandfeaturesasthey appeain Reference. FCClicensingis avital elemenfor
anyMSSin orderto be deployed operationaljsoeven if there is ascaling back inthe
numberof satelliteconstellation.It is assumedhat the futuredeploymentof Teledesic
cannot be much different from the system describedh Reference2, in terms of
frequenciegjataratesandgeneratommunicationandmanagemertharacteristics.
Althoughit does notavefull earth coverageith data ratevaryingfrom
16Kbps to 2.048Mbps (EIl), and for specialapplications1.244Gbps(OC 4) [Ref. 2]
Teledesigs the oneandonly candidate fowideband SATCOM applications withthe user
equipmeniperatingon vehicularterminals. The TeledesieBoeingcooperations another
factor thatmakes this projecppeawiableandthe systenitself likely to be implemented

onthePCSmarketjust atthedawnof 21* century.

c. Broadcast “ITG”

None of the commerciaMSS has any broadcasgapabilities. Additionally,
DoD already hasinevolvingthreephasecrogramin order toaccommodatés broadcast
needdor the nextcentury[Ref. 24]. This systemis GBS, which is presentetih detailin
chapted. The GBS spotbeamgseeFigure5.1) will provideUS Armed Forces usersith
full earth coveragdt will alsoprovidespecific areacoveragefor theater operationas

desiredby the CINCandthetacticalor operationainissionrequirements.

2. The “ITG” SpaceSegment

The spacsegmentvill be comprisedy the 12ICO (seeFigure2.2)in MEO, 288
TeledesiqseeRef. 2) in LEO andinitially 3 Figure 4.4)satellitesn GEO.
Each constellationwill operateseparatelyrom the other. Theywill be monitoredand
controlledby their respectiv@elemetryTracking and Commandl'T&C) elements.

GBS will beunderDoD control, while on the othehand,/CO and Teledesiowill
be under civilian control. T fact is beneficialto military usersfrom the point of
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manpowerand cost reductiorespeciallyundertoday’s diminishing defense budgetand
personnel.The costsfor training and maintainingoersonnelfor the controlof these

constellationsvill be mitigatedif not zeroedcompletely.

3. The“ITG” Ground Segment

Theground segmentill containeachgroundsegmenof the threesystemsit will
provide,through thegatewaysthe interfaceto the Defense InformatioisystenNetwork
(DISN), local Public Switched.Telephone Networks (PSTNRublic Land Mobile
Networks (PLMN)andPublic Switched DigitaNetworks(PSDN) infrastructure.

The flow of informationfor the “ITG” modelis displayedin Figure 5.2. DoD
operatedyatewaysvill providethe “routing” nodes for thalisseminatiorof information
throughoutthe world. The fielded “ITG” userunitswill vary in sizefrom theindividual
soldierup to area or theatetommandposts.A more analyticaldescriptionof the “ITG’
user segmerfollows in subsectiorD.4. The communicatiorlinks via respectivespace
segmentsvill be forwarded to theICONET” for ICO (Ref. 15)andthe “GIGALINK”
terminalsfor Teledesic(Ref. 2). GBS broadcastwill be forwardedto d relevant
subscribers througthe Primaryor Theater Injection Points which will also be
basedlogically and physicallyinsidethe DoD gatewaycompoundNo additionalcostis
necessaryor building the DoD gateways.The existing physicainfrastructureof Naval
Computer & TelecommunicationsArea Master Stations(NCTAMS) and Naval
CommunicationStationgdNAVCOMSTA)  over theglobe (see Figurg.2) providesan
excellent base from geographical,security as well as communicationsand systems
engineeringpointsof view. As long asthe “ITG” modulesare establishedand operated
from the worldwide spread the
“‘communications web'will be underwayand ready to provide a relatively cheaper
alternativeo theUS MILSATCOM, both frommanpoweaswell asbudget aspects.
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The Narrowbandtraffic Figure5.2full line) will be exchangedfrom the ICO
“component” of the “ITG” user unit via the ICO constellation, thel CONET to the
“routing” equipmentbasedin the gateway compounand then to the DISN or local

appropriatelyand vice versa.The wideband traffic (see Figureb.2
doted dashetine) will beroutedfrom the Teledesic “componentdf the “ITG” user unit
viathe Teledesiconstellation, Teledesic “GIGALINKterminal basedhsidethe gateway
compound and through the routing equipmentto the DISN and local

andback. Herethe assumptions madethattheDoD needsto equip
4 thepossiblegateway postsvith one Teledesic‘Gigalink” terminal each. Last butot
least,the GBS broadcas{(seeFigure5.2 dashedine) will bedisseminatedrom the DISN
throughthe“routing” to the GBS primary or theater injection point
and bythe GBS spotbeamsto the fielded GBS “component” of the “ITG” user units.
Notethat ICO and Teledesitraffic areby definition full duplexwhile on the otherhand
GBS traffic is simplex.In addition to thes¢he“ITG’ userunitswill provide for seamless
connectivityfor their ICO and Teledesic “components” tb other “ITG’ user units
worldwide via their respectivespacesegments.

It shouldbetakeninto account thatheideaof DoD operatedgatewaysioesnot
limit the useof the “ITG” modelonly for US Armed Forces useThe two thirds of the
model belongin the public domain.Thereforeanyindividual country ororganization(i.e.
United Nations)willing to undertake theostof their private canexploitthe
undoubtedbenefits offeredoy ICO and Teledesiphilosophyof being ableto offer an
interfaceto thepublic terrestrial networksnentionedabove. Specificallyor the caseof
United Nations (UN) peacekeepingnissions,the full deploymenbf the“ITG” model is
possible undethe assumption olUS Armed Forcesparticipationat no additionalcost.
This of course,s afact thathappendoday in various peacekeepiraperationsill over
theworld. Theabundancef bandwidthavailabilityfor 4 three systems makes tHgG”
model immuneto the problems thatare possible to emergéom ICO and Teledesic’s

paralleluseby commercial subscribeed the saméime with military users.
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4. The “ITG” User Segment

The usersegmeninill be comprisedoy US Force assets
worldwideat strategicpperationabndtacticallevels. Theseassetsnill carryandoperate
the ‘TG’ userunit in its various configurationsTheuser unitconfigurationswill vary
from the simpler ICO handseand GBS marpoftable terminafor the individual team
leader oreven each soldier the US Army, Marine Corpsteamandwill go up to “ITG”
communication racks aboadf Army, Navy, Marine CorpsandAir Forceunits suchas
eachandeveryarmored vehicle,tank, communicatiotruck, warshipas well as rotaryand
fixed wing aircraft. The spacerequiredfor the communicationgack will be
minimal if takeninto accounthe smallsizeof the vehicular,maritime and aeronautical
ICO, Teledesiand GB3erminalsln additionto this, the smallphysical sizef the“ITG”
configuratiorenablegxtraflexibility andportability featuresn the contextof keepingthe
TG’ racksin stockandissuingthemto aTask Forceaccordingo its specified mission.

Thereis anothelcommunitywhich canutilize “ITG” modelarchitecture, deastin
its two thirds, thatbeingthe combinationof ICO and Teledesiand possiblyGBS under
DoD permissionand authorization.This usercommunityis not strictly military, but it
encompassasilitary forcesin its operations. Thesareforcestaking partin the United
Nations (UN) missions. The UN commitmentin worldwide peacekeepings well as
humanitariamelief operationspffersanother arenaf MSS deploymentand
utilization. The applicationinJN missionswill be investigatedn ChapteiVII.

E. SUMMARY

ThecommerciaLEO andMEO MSS offer auniquealternativeéor
applicationsss theworld prepareso enterthe21* century communicatioresa.No single
MSS can offer this alternativeby itself. Moreover,not one of themis equipped with
Broadcastcapabilities. On the otherhand, a combinationof ICO for Narrowband,
Teledesidor Wideband andthemilitary GBS for Broadcastamedby the author, TG’
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model architecturegencompassasany of the requiredfor MILSATCOM featuresand
characteristics.

In thefollowing chapterghe quantitative applicationsf the recommendedhodel
architecture,to US MILSATCOM as well as UN peacekeepingnissions will be
investigated.



VI.  APPLICATION TO USARMED FORCES SATCOM

A. INTRODUCTION

Previouschaptersnvestigatedhe US systems, their functional
requirementandmissions.The “ITG” modelarchitecture, in orddlo accommodatthe
US Armed Forcesneedswith potentialapplicationsof LEO andMEO
mobile satellitesystemswas introducedby undertakinga qualitativeapproachto this
task. This chapter investigatespecific quantitativeapplicationsto US Armed forces
SATCOM.

Thepotentialapplicationof the“ITG” modelto the “CoreCombatCapable Naval
Forces” packagdsr timely initial crisis responsés explored. Navaforce packagesare
designedo project “discrete” militaryobjectivesevolving from US
objectivesvorldwide [Ref. 31]. This hasas a resultthe consistencyf US Navalforce
presencean various regionsof the world, as describedn Reference31. Naval forces
conducting routine presencarissions, including significanéxercises, provide linkage
betweenpeacetime operatior@dinitial requirementsor a developing MajorRegional
Contingency(MRC). The term “CombatCapable”, by itself, is equivalentto the term
“Forcible entry”. A “CombatCapableforce hasbeendefinedby eachCINC soas to be
comprisedof a Carrier BattleGroup (CVBG), which supports arAmphibious Ready
Group(ARG pndaMarine Expeditionanynit (MEU) embarkednthe ARG [Ref. 31].

The organizatiorof forces, their definitions and circuit requiremeantspresented
in the sectionsThen,an application othe ‘ITG” architecturés givenin order

to accommodatihesearequirements wititkommerciaLEO andMEO systems.
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B. ORGANIZATION OF NAVAL FORCES

1. Definitions

A “CombatCapable”Navalforceis comprisedoy threemajorparts[Ref. 31]:

e A Carrier Battle GrougCVBG).

¢ An Amphibious Readroup(ARG).

¢ A Marine Expeditionarynit (MEU) embarkedn theARG.

A CVBG is a group of USN shipscapableof conductingC41, ASW, ASUW,
AAW operationsn orderto supportthemissionsof ARG andMEU. Generallyit consists
of thefollowing:

e A Multi-purpose(CV) or nuclearpowered (CVNMircraftcarrier.

e Two VLS TomahawkAEGIS guidednissilecruiser§CG).

e ThreeDestroyersor guidedmissiledestroyers

e ThreeGuidedMissileFrigategFEG).

e Threeattacknuclear submaring€SSN).

e Two strike (Tomahawk}$ubmarines.

e Onesubmarine for special operations.

e OneFast Combat Logistics Support Oiler

e One Minewarfare ControlShip (MCS) and severalMine Countermeasure

(MCM) and Mine Hunter(MCH) ships.

An AmphibiousReady Group isflotilla of shipsconsistingof a commandestaff
and amphibiousshipsdesigned toexerciseoperational controand executeall phasesof
an amphibious operation. This usuallyan attacklaunched fronthe seaby navaland
landing forces, involving a landing on a hostile or potentiallyhostile shore[Ref. 33].
Other amphibious operatiomgclude evacuatioof personneand equipmenfrom hostile
or possiblyhostile territories. Th&RG provides thdransportatiorand accommodation
meansfor the MEU embarkedand providesthe originating assetfor the amphibious

assault. The major shipsparticipatingin an ARG are AmphibiousAssault shipgeneral
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(LHA) and (LHD), AmphibiousAssaultshipwith helicopterSLHP), Dock
Landing Ship (LSD) and variousother amphibiousshipsof smaller displacement.

A Marine Expeditionaryunit (MEU) is a US Marine Corpstask organizatiorbuilt
arounda battalion landingeam, reinforced helicoptesguadrorandlogistic supportunit.
The MEU fulfills routineforward afloat deploymemequirements, providesn immediate
reaction capability for crisis situationsand is capableof relatively limited combat
operations. Most of théimes a MEU is equippedwith special operationsapability
(SOC) referred tas MEU (SOC)[Ref. 32]. TheMEU (SOC)organizatiorof
Figure 6.1) follows the generlarine air-groundtask force(MAGTF) structureandis

comprisedby thefollowing four 33]:

CommandElement

Element ‘ ‘ Element Group

Figure6.1 MEU (SOC) Organizatio@omponents.

e The Command Elemen{CE). This is the MEU headquartersaand is a
permanent organization compos#dhecommandergenerabr executiveand
special stafsections, headquarters sectamd requisite and
service support facilities. The CE provides command, control and co-
ordinationessentiafor effectiveplanning and executionof operationsy the
otherthreeMEU elementsThereis onlyoneCEin aMEU [Ref. 33].
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2.

TheAviation CombatElement(ACE). This elemenhasthetasking to provide
all or a portionof the functionsof Marine Corpsaviationin varying degrees
basedon thetacticalsituationand the MEU mission. These functionsire air
reconnaissance, asair warfare(AAW), assaulsupportoffensiveair support,
electronicwarfare (EW) and control of aircraft and missiles.The ACE is
organizedaroundanaviationheadquarterandvariesin sizefrom areinforced
helicopter squadron toneor more Marine aircraft wings. It includesthose
aviationcommand, combat, comlmaipportandcombat serviceupportunits
requiredby the tacticalsituation.Normally thereis only oneACE in a MEU
33].
The Ground CombatElement (GCE). This MEU element haghe taskto
conductground operationsThe GCE is synthesised arourdh infantry unit
and varies in size from a reinforced infantry battalion to one or more
reinforced infantrydivisions. The GCE also includes appropriate combat
supportandcombatservicesupporunits. Normallythereis only oneGCEin a
MEU [Ref.331.
The MEU ServiceSupportGroup (MSSG). This element hass the taskto
providethe full rangeof combatservicesupportin orderto accomplistthe
MEU mission. MSSG can provide supply, maintenance,
deliberate health, postal, disbursing, prisoneof wa; automated
informationsystemsexchangeutilities, legaland gravesregistration services
[Ref.33].

Communicationsinfrastructure

a. Typesof RequiredServices
The services requiretly a “Combat Naval Forcehave already

beerreviewedthoroughlyin Chaptefll. These argoice,dataandvideoservices.

Voice services provide essential for information exchange,
A



and between commands, unitsand key operators
in over the horizon. Theyinclude voice mail. some over the phone
lines and services.
Data servicesanbeutilized for tactical communication§;ommand
Control (C*), andlogistics 3]. Theyenablea meansof informationexchange
amongstseveral networksvhich provide tactical intelligencedata, whilst additionally
providing datain orderto maintainsurface, subsurfacgndd picture of all battlefield

spectrumsCommandControl(C?) servicesareprovidedto commancelements.

Video servicesclude battledamage
assessment, Unmannefderial imagery, teletraining,
broadcasfV channelsandMoral Welfareand 3].

b. DataRates
Thedatarates(see Table6.1) aredivided into

and Mediumdataratescanbe subdividedn two categoriesMDR land MDR
2.
Data Rate Value
1 Low Data 9.6kbps
2 MediumData Ratel{MDR1) 9.6kbpsto 64kbps
3 MediumData Rate (MDR2) 64kbpsto 1.544Mbps
4 High Data

Table6.1DataRatesof NavalForcesCommunications.

C. Protection
The protectionof a “Combat Capable’Naval Forceis divided into four
main 3]. Thefirst is high, in orderto operateafter explosionof a nuclear

weapon.The secondis medium,requiredto establishcommunicationsinder thepresence
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of a jammer. The third 1s low, required to oper under the  esence of'a nuisance

jammer Finally last categoryrequires

d. Topologyand Coverage
The network topologiesrequired to support a “CombatCapable” Naval
Forcearedisplayedin Figure6.2 andinclude the followingnetted,hub and spoke,point

to point, broadcastieportbackand 3].

Figure6.2Network Topologiesof a“Combat Capable™ Navaforce“From Ref.[3]”

Thetypesof coverage fothe communicationsfrastructuren supportof
a “Combat Capable”Naval Force are: withinthe unit,theaterand region, reactback to
CONUS and Thesearedisplayedn Figure 3]. Any
SATCOM systemmustsupportasmanyaspossibleof thesetypesof coveragen orderto

utilized efficiently.
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Figure6.3Typesof Coverage foa‘CombatCapable” NavalForce'FromRef.[3]”

C. “COMBAT CAPABLE” NAVAL FORCE SATCOM LINKS

The applicationof the “ITG” alternativearchitectureis appliedto the “Combat
Capable'? NavaForce quantitatively. The CVBG, ARG, MEUcircuit requirementsare
shownin Figures6.4,6.5 and 6.6 respectively.Thesearethe requirementsasoutlined by
the US Naval Spaée Command’s“Functional Requirements 3. A

comprehensive summaiypresented Table6.2.
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Unit Voice Data Video
CVBG 300 285 20
ARG 150 125 17
MEU 30 70 5
Total 480 480 42

Table6.2 “CombatCapableNavalForceTotal CircuitRequirements.

An initial assessmeshowsthatthe circuitrequirementsor a “CombatCapable”
NavalForce,comprisedoy a CVBG, anARG andaMEU, displayedn Table6.2, carbe
supportedy the modelarchitectureTheservice provisiois plausible, even under
the assumptionthat the two commercialMSS employed havean additional usage
emergingfrom their anticipatedcommercialdemand.A detailed quantitativeanalysis
follows in Tables.3,6.4,6.5 belowfor “Combat CapableNaval Force’s requiremerits
Voice,Dataand Videdinks respectively, thatanbe supportedby the*ITG” model.

Voicelinks (seeTable6.3) do not haveanybroadcastequirements. Thesre480
in total (300for CVBG, 150for ARG and30for MEU). They can be coverentith three
possible case3.hefirst caseis the coverageby ICO with its 4,500  duplexchannels
capacity[Ref. 15]. Theseconds their coveragéy a combinatiorof ICO and Teledesic.
Theproportionof eachsystem’s participatiois a decisionmadeby the Commandein-
Chief (CINC) accordingo the specificmissionrequirementsT hethird casas takinginto
account thel02(66 for CVBG, 30 for ARG and 6 for MEU) out of 480voicelinks that
requiremediumand highprotection.It is the decisionand responsibilityof the CINC of
the operationgo evaluateéhe operationadndtacticalrequirement®f a missionsoas to
employ less highlyprotectedcircuitsfor the “Hard Core” links of a TaskForce.For the
first andsecond cases,is in thediscretionof the CINC to applythe commerciabystems
to these 102nks. Thethird choiceis to apply anothetUS systemfrom
thesedescribedin ChapterIIl. This systemwill possesghe requiredmedium or high

protection featuref®r the specificmission.
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Table6.4 NavalForceDatalinks supportedby the“ITG’ model.
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Table6.5 Naval Force VideolLinks supporteddy the“ITG” model.
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Datalinks (sce Table 6.4)total up to 480 (285 CVBG, 125 for ARG and 70
for MEU). 88 of them arebroadcasandwill be by GBS(28 for CVBG, 25
for ARG and 35 for MEU). The “uscr pull* operationwill be performedvia
and/or channels and the “smart push” of required information
broadcasvia GBS 26). Teledesiawvill supportthe remaining392 datalinks
with its 16 kbps up to 2,048 kbps configurations. It possesses thdexibility of
accommodating,000,000 1&bpsup to the equivalent 15,625 2,048 kbpbannelsas
well as all possiblecombined configurations in 2]. A second optionis
introducedby the 342datalinks that require mediurandhigh for CVBG,
100for ARG and 14 forMEU) andare not broadcast. These can be accommodated either
by Teledesic oby a protectedJS andd possible combinationsf
the two. Althoughthereis no specificinformationfor the exacthumberof mediumand
high protected dattinks that arenot broadcast, the abundarafechannels providedby
Teledesicand GBS permitsall possiblecombinationsThe discretionof CINC concept,
alsoapplieshere.

Finally thevideolinks of a“Combat Capable” Naval Table6.5) are42in
total(20 for CVBG, 17 for ARG and5 for MEU). 14of themarebroadcastandwill be
accommodateldy GBS(6 for CVBG, 5 for ARG and 3 for MEU). The remaining28 will
be coveredby TeledesicPart of the 16 datalinks that requiremedium for
CVBG and7 for ARG) andarenot broadcastanbe accommodated eithdry Teledesic
or by a protectedJS MILSATCOM systemor by a combinatiorof the two, underthe’
discretionof CINC concept.

D. SUMMARY

The “ITG” model architecturehas been appliedo the satellitecommunication
required voicedataandvideo links of a “CombatCapable” NavaForce.The expression
“CombatCapable’is equivalenwith “Forcible Entry” andis comprisedby a Carrier Battle
Group (CVBG),which supportsan AmphibiousReady GrougARG) anda Marine
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cmbarked the ARG|Ref. 3l]. Theseare the US Naval
Forces planned to conduct routine presence missions andprovide between
operations and initial for a developing Major Regional

all overthe world.

A detailed quantitative analysisof the “Combat Capable” NavalForce satellite
communicationrequirementshas shown that these cabe accommodatedy the “ITG”
model even underthe assumptionof expected parallel commercialuse of ICO and
Teledesic mobilesatellite systems(MSS). In addition to this, the abundanceof ICO,
Teledesic and GBS links and the of the employed systemspermits the
simultaneous applicatioof the “ITG” model architecture fronone to four “Combat
Capable” Naval Forceis differentgeographical regions arourlle Globe.

The next chaptetd investigatea quantitative applicatiotio a United Nations

mission.



VIl.  APPLICATION TO UN PEACEKEEPING

A. INTRODUCTION AND HISTORICAL OVERVIEW

The accommodationf the communication requiremerfts United (UN)
peacekeeping via commercial satellitinks is not a newly introduced
concept.It has been applied in the past, at various UN peacekeepingpperations
worldwide, withprosperousgesults. Thaisefulnessfferedby SATCOM of havingwide
coverage areasghich permit operationin the regionof concernwithoutrelianceon local
communications infrastructure hiasensuccessfullymplemented. Othe othethand,the
SATCOM assetengaged wereorningfrom the GEOfamily only (i.e. INTELSAT and

mainly due tolack of any commercidlEO andMEO systems.

This Chapter investigatéee accommodatingf the communicatiomeedsof a
model UN peacekeeping operatidoy applying the “ITG” model with two of its
componentéi.e. ICO andTeledesic)TheUnited NationdMissionIn Haiti has
beenchosenfor this task. Before proceedingith the application othe “ITG” model
architecturea brief overviewof UNMIH is considere@ppropriaten orderto provide
the readewith the politicalaswell asthe historicalbackgroundof this UN peacekeeping
operation.

In January 1994, thdS Departmenof Defens€DoD) andthe StateDepartment
coordinatedaplanto re-establish thelemocraticallyelectedgovernment othe Caribbean
island of Haiti which had beenviolently oustedby a military dictatorship on30”
September 19910n 31*July 1994the UN GeneralAssemblypassed ResolutioB40,
citing, de facto, the illegal regime’sfailure to complywith international accordsJnder
this resolution,UN membersauthorized the usef 4 necessaryneansto facilitate the
departureof the military regimeandto establisha safe environmenh Haiti [Ref. 34]. On
19* September 1994S ForcesHaiti (USFORHAITI) entered thesland peacefullyin
order to carryout the operation“Uphold Democracy”. On October 1994 the
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transitionfrom USFORHAITIto theUN led MultinationalForces(MNF), consistingof
unitsfrom 16countriestookplace.Finally in March 1995the MNF transferreccontrolof
the island to the UNMIH [Ref. 34]. This missionis still operationalon Haiti today,
especiallffor humanitariarconcerns.

The overview of the UNMIH’s Chief Communications Officer (CCO)
Communicationg?lan (COMMSPLAN V 1.0) [Ref. 35], aswell as the*ITG” model
architectureypplication toaccommodatthe needsof this plan with commercidlEO and
MEO MSS arepresentedTheconcepintroducedcan similarlybe appliedto anyother
present orfuture UN peacekeepingperation under the assumptionof appropriate

reconfiguratioraccordingo specifiacequirements fothe accomplishmerdf this mission.

B. UNMIH COMMUNICATIONS PLAN OVERVIEW

Thecommunications in Haiti wasinadequate to providibe required
connectivityby theUNMIH in orderto ff  its mandate [Ref35]. This factis valid for
every UN peacekeepingnission worldwide. Therefore,every UN missionrequiresan
independentommunicationsietwork in order to provide reliableand uninterrupted

CommandControland Communication&’®) infrastructurdor the accomplishmenf it's

tasks.

1. Assumptions
The Communications V1.0) was conceived underthe

following assumptionfRef. 35]:

e The UNMIH’s communicationsnetwork should accommodateboth’the
UNMIH’s and Mission Civil in Haiti (MICIVIH) communications
requirementslt was also assumedhat MICIVIH offices will not be co-
locatedwith UNMIH offices.
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e The UNMIH COMMSPLAN V1.0 does not take into the
requirementof other UN agencies Haiti. However, if
required, suitablecommunication planning could be formulated under
provisionof detailedinformation.

e A suitable locationwas neededo accommodate theNMIH headquarters.
The evaluationof all possiblelocationswas performedinder the requirement
of interconnectionof main UNMIH, MICIVIH and UNMIH Civilian Police
headquartersThe main UNMIH arecomprisedby the Office of
the Special Representativa# the Secretargseneralthe Office of the Force
Commanderthe Office of the Chief Administrative officer, Militarybranches
andcivilian sections.

e TheUMNIH COMMSPLAN haseen organizesh orderto accommodatthe
needs ofthe forces: The UNMIH headquartersfive infantry

amilitary police battalion, aengineer battaliora military training
unit, an aviationunit, a movementcontrol unit, alogisticsbattalion, a field
hospital andinally UN civilian police component.

e The battalion communicationare both internal andexternal. The internal
communications equipmeisprovidedby the troopcontributingnations.Each
participating nationforwarded their requirementso the Chief
CommunicationsOfficer (CCO)wa the co-ordinationof the Force Signals
Officer (FSO).In the cases where thmgarticipating nation’'scommunications
equipment utiliz&eommercial communications providersgey shouldget prior
approvalby the CCO. The externalcommunications between battalion and
UNMIH headquartersare provided by the UN through a UN-owned
communications networkCommunications between battalidreadquarters

andtroop contributing nations theresponsibilityof each nation.
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2. bilities, CommunicationsServicesand Networks
The Chief Communication©Officer (CCO)hasthe overall responsibility to provide
to UNMIH in accordancewith the generalpolicy of the UN

peacekeepingnissions. He is responsible forthe planning, operation,

control, managemenand budgetcontrol of the mission’s communication networkn

accordance with its mandate and UN rules and regulations [Ref. 35]. The

Communications Sectias responsibldor providing the servicego the variousmission

componentasshownin Table7.1below:

Mission Communication Services I

1 UN Headquartersr New York Telephone (secumndplain),facsimile (secure

andplain),data

2 Infantry Telephone (secu@ndplain), facsimile(secure
andplain), data, external twavay radio

3 Civilian PoliceDivisions Telephone, facsimilesecureand plain) fwo-way
radio

4  Civilian PoliceDetachments  Telephone, facsimiléwo-way radio

andmobile teams

5 Militarv PoliceBn Ha Telephone. facsimile. limited two-wav radio

6 EngineeBnHq Telephone, facsimile, limiteivo-way radio

7 Logistics BnHq Telephone, facsimilé&mited two-way radio

8 Telephonefacsimile limited two-way radio

9 Televhone. facsimile. limited two-wav radio

10 Movement ControUnit Telephonefacsimile, limited two-way radio

11 FieldHospital Telephonefacsimile,limited two-way radio

Table7.1 UN Peacekeeping Missiddomponentand Communication Services

In order to provide the aboveservicesto the mission components,the

Communications Sectianstalled,operates controland maintainstwo communications

networks: The Staticandthe Mobile Network.
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a. Static Network
The StaticNetwork (seeFigure7.1) supplieexternal aswell as internal
It consistsof satellite, pointto-point radio links and associated
switching equipmenin orderto provide telephone, facsimileand data servicesto the
missionoffices throughout the countrgis well asconnection to thdublic International
network.

INTELSAT

i )
3 INTELSAT ] ) Emer:2-way radio

| links
Portau-Prince
Haiti .
icrow link:
Microwave IQ_‘ Divisionsé&
S —— K Detachments
‘"m snnnn eman snnanas ' Otherunlts

Figure7.1 TheUN Mission Static Communications Network

The External part of the Static Network (see Figurel) provides
connectivity betweenthe mission's headquartersn Portau-Prince, Haiti and UN
headquartersr New York, USA. The primary connection igerformedvia the Atlantic
Ocean INTELSAT satelliteby adb metersatellite hubearthstationinstalled
in the men UNMIH Headquartersh Portau-Prince.The secondargonnectionis done
via type" M' terminals.




The Internal Partof the Static Network (se&igure 7.1) provides
connectivitybetweerthe missionheadquarterandthe infantry battalionheadquarteras
well asthe Civilian PoliceDivisions andthe othermissionunits shown
in Table 7.1. Pimary communicationsare conductediia a nationwide UN-owned
network consistingof satellite earth stationgnd point-to-point radio links. Satellite
equipmentncludesone4.6 meterhubearth statiotocatedUNMIH headquarterat Port
au-Prince(see Figuré.2) andfour 3.7 meterearth stations (sdagure7.3) installedat

four of thefive Infantry BattaliorHeadquarters a starconfigurationRef. 35].
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Figure7.2 UNMIH Satellite Hub Earth StatioPAfter
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The hub earth station (seeFigure 7.2) is the same one that provides
external communicatiorte the UN headquartersm New York, USA. The Node earth
stations(seeFigure7.3) arelinked to UNMIH headquartersia a globalbeam, ‘Atlantic
Ocean Relay (AOR) INTELSAT satellite system. The fifth Infantry Battalion

Digital Microwave Lits

—

= INMARSATM L-BAND _
TRANCEIVER
PRIVATE
AUTOMATIC MULTIPLEXER
= BRANCH
EXCHANGE L-BAND
(PABX) TRANCEIVER
MULTIPLEXER
DISTRIBUTION UNINTERUPTIBLE

. Communication€ontainer

Figure7.3 Battalion Headquartef3atellite Node EartBtation “After

headquarteraswell asother supporunits arelinked to the networkby line of sight
(LOS) digital microwave linksutilizing repeatersites. From theseaepeatersites,rural
telephondinks extendelephoneandfacsimileservicezo remotel UNMIHandMICIVIH
offices, Switching equipment provides the required connectity three Private
Automatic Branch Exchange@®ABX) locatedat the UNMIH headquartersviiICIVIH
headquarterand the Civilian Police headquarters. ThiereePABX’s are connectedo
eachotherwith 2 Mbpslinks [Ref. 35].

The spacandgroundsegmentechnical characteristics the UN satellite
systemaresummarizedh Table7.2for the HubandNodeearthstationsInformationwas

derived Reference 35.The secondarycommunicationsfor Infantry Battalion
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headquarters afgovidedby INMARSAT “M” satelliteterminals and for Civilian police
Divisions, Detachmentand otherunits by a two way radio network. Finally, emergency

areprovidedvia atwo way radio network[Ref.35].

Space Segment
Satellite INTELSAT 601332’ East Atlantic Ocean Region
Beam Connectivity Global“A”
Transponder 38/38
Bandwidth 36MHz
Modulation Quadraturéhasédt Keying (QPSK)
Hub Earth NodeEarth
Antenna diameter 4.6 meters 3.7 meters
| 24.1dB/K 23.0dB/K
AntennaGain(Gr) 48.15dBi 45.95dBi
HPA I 400 20 WattsTWTA
LNA temperature 45 Kelvin 45° Kelvin

Table 7.2 UNMIH Satellite System Technical Characteristics

b. Mobile CommunicationdNetwork
The mobile Network has been establishedin order to provide
to UNMIHandMICIVIH componentswhile mobile. It is comprisecof a

trunking system forthe coverageof Portau-Princeareaand a conventional twoway
radio systenfor the resiof theisland.

Themobile trunkingsystemwasestimatedo accommodatapproximately
700users.The systemmust be expandablasrequiredand ableto control eachportable
unit in orderto disablelost or stolenunits effectively A single site 12 channekrunking
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system at a site overlooking the capital PeatrPrincehas beerchosen orderto fulfill
thisrequirement.

The conventional tweway radio system for coveragé areasoutsidethe
capitalconsistsof eight repeater siteand threesinglechannerepeater stationger site.
The threechannelsaredevoted to Operation§iivilian Police andMICIVIH Nets. The
subscriber®f the Operations Net are #ie headquartertevelfor the Infantry Battalion,
Military Police Battalion, EngineerBattalion, Logistics Battalion, Militar{fraining Unit,
Aviation Unit, Movement ControUnit and FieldHospital.It is not intendedfor internal
battalionusebut only to providethe necessary interfadeetweenthe infantry battalion at
headquarters levaindthe other support unit§Ref. 35]. It shouldbe takeninto account
that thereis no provision forhandheldunits but onlyfor basestation equipmenand a
small number of mobile radio equipment.The Civilian Police Net has basestation
equipmentaswell asfull provisionwith mobile andhandheldterminalsfor eachmobile
team.The MICIVIH Net usershavebeenequipped withbasestation,mobile aswell as
handhelderminals[Ref. 35].

The eight repeater sites required hadaenchosenso asto provide 95%
coverageof the country. Howevemine sites for possibleepeaterestablishmentvere
evaluatedn orderto have oneuxiliary site for backugRef. 35]. One typicakepeater site
configuration is presentedin Figure 7.4. As statedin the UNMIH COMMSSPLAN
“inevitably someareaswill not havefull radio coverage This posesa problemwhichthe
plannersof the operationhad thought of overcomingby a quick relocation of the
mission’s assets.A more comprehensive solution woulee provided
undoubtedly by the applicationof the “ITG” model architectureutilizing primarily ICO
and secondarily Teledesic Mobilgatellite Systems(MSS). s alternative solutioris

introducedin thenext section.
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Figure7.4 UNIMIH RepeateSiteConfiguration' After Ref.[35]”.
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C. UN PEACEKEEPING WITH THE “ITG” MODEL

As shownin the previous section, the UNMIH COMMSSPLANRef. 35] is
relatively simpleand the requirements fowvoice and data servicedo not include any
protection or high security features.Conclusively,this is acceptedfor any otherUN
missioncommunications plam general.In additionto this, the mobile part of UNMIH
communicationglan has coverageroblemsin some partof the country, yet another
common denominatdior the UN plansin general.The coveragessue
must also be takeninto accountfor countries locatedt higher latitudeswere theGEO
family satellites@i.e. INTELSAT andINMARSAT) cannotoperate a®ffectively asthey
dofor latitudes closéo the equator.

Additionally, taking into account the requiremdat importing and establishing
the hardwareequipment(i.e. hubandnode earttstationsandrepeatersites)in a country
for a potentialUN peacekeepingnissionfurther supportsthe conclusiorthat the“ITG”
model can accommodatiee needsand serviceof sucha missionwith greaterabundance,
relatively more ease,more effectively andwith possibly lower functionatosts.For the
employmenbf the“ITG” modelneithernode earth stationsr repeatersitesarerequired
to beestablished insiddnecountryof interest.

A UN peacekeepingnissiondoesnot require, for the time being, amyoadcast
servicesThus theuse ofthe GBS “component’of the ITG modelis not presentiyneeded
for sucha mission. Onthe other hand, GBS presents possible utilizatioander two
assumptionsFirst, theUS Armed Forces participatiom the mission,underthe auspices
of United Nations.SecondPoD is providedfor employment othe
system.The ICO and Teledesic “components” ahe “ITG” model architectureare
enough to provide primary and secondary platforms, interchangeablyor the
accommodatiolf anyUN peacekeepingission.Theywill alsoprovide high mobilityto
“Mobile” aswell as‘on themoveUN users”.
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1. “ITG” CommunicationsNetwork for UN Peacekeeping

The“ITG” model appliedo a UN peacekeepingissionis shownin Figure7.5.
The“ITG’ modelcanprovideinternalaswell asexternacommunicationt themission’s
units (see Table7.1) in an integrateddesign. “ITG” offersthe required telephone,

facsimile and data services with seamless connectivity. In addition, ICO

4) TELEDESIC 1) 1CO

i5) ICO 2) TELEDESIC

X ¥
UN Mission Hg
(basednsidecountry) NMobile & Static
UN operatedsateway “ITG” Units
(for ICO connectivity) J
& e Civilian Police
eledesic Divisions&
Detachments
. g
& e Other Units
“Routing” Equipment

| ICONET | |
1 (SAN’s located outsidef country) 1

Internationa& Local PSDNPLMN, PSTN

Figure7.5 The“ITG” Communicationdletworkfor UN peacekeeping
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can offer services[Ref. 15 and Teledesiccan offer video and multimedia
services [Ref. if required.

The utilization of the “ITG” model architecture doesiot require additional
hardwareor the existenceof a mobile networkand a separate static
networkwith all thelimitations emerging their usageTheusersegmentsf ICO (see
Chapter2) and Teledesic[Ref. 2] arethe only two components that aneededto be
presentin thefield in orderto provideanyUN peacekeepingissionwith all therequired

features foreliableandeffective,mobileaswell asstaticcommunications.

a. External Communications
The mission’s external communicationswill be provided by
Teledesic and by ICO (seeFigure 7.5). Digital voice, data, facsimile and

messagingserviceswill be offered bothby ICO and Teledesicln addition to these,
Teledesiccan offer if desired,multimedia servicessuch as video-teleconferencing, a
feature whoseublicity and usage increaseverydayin the decision making processd
over the world. By the use of multimedia services the ForceCommandernf a UN
peacekeepingissionas well as the SpeciaRepresentativef the Secretareneral will
havein their possessiom more versatile assdhan voiceor facsimile in order to
communicatevith the United NationsHeadquarters New York, USA, or even withthe
Secretary Generahd his staff while they arestatic or‘on the move”. No userin either
part of the communications channelll needto be staticor terminatehis movein order
to communicateffectively with the other part. The utilization of airborneas well as
vehicular,ICO and Teledesic terminalsiill virtually zero theresponsdime of any UN
SpeciaRepresentativer Force Commander.

Connectivitywill beprovidedin two ways. First with direct connectiowia
the Teledesic constellation (throute “Internet” in the Skyconcept”)[Ref. 2] and/or
the 1CO (for voice, fax and messagingonly). Secondvia the Teledesic

Terminal insidethe UN operated gatewalRef. 16] through the*Routing”
equipmentinto the international and locBRlblic Land Mobile Networks(PLMN), Public
SwitchedTelephone Network§P STN)and Public Switched DigitaNetworks(PSDN).
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For ICO traffic, the flow of information (voice,fax and data) will be
routedvia the ICO constellationfo theICONET’s Satellite Access Node§SAN) located
outsidethe country of interestand into the UN operated gateway locatedside. The
SAN location outsidehe countryof interestoffersthe advantagef enchancegbhysical
securityand of the ICO system flowof information, againstsabotage from
opposingmilitant groupsinsidethe countryof missionoperationsThis wasnot the case
for UNMIH, but it canbe argued for the case$ Somalia, Northerirag andBosnia.For
the Haiti mission, asvell asthe CentraRmericanregion,the SAN locatedin Tulancingo,

Mexico (see tabl@4) would betheoneto provide forUNMIH & therequiredterrestrial

networksconnectivity.
The of the “ITG” model “components”is such, that all the
gateway equipmercludingtheTeledesic terminalandthe routingequipment

neednot to beinsidethe areaf operations or even treamecountryin orderto provide
connectivityto the outsidevorld. All theequipmentanbepositionedn a safeareafrom

both a physicahnd a security point of view. The presenceof the user segmerfiTG’

model componentsnside the countryis sufficient in order for aUnited
Nations missiorto havereliable and seamlesexternals well asinternal
b. Internal Communications

Regardingthe UN mission’sinternalcommunicationsetwork,the “ITG’
model is evensimplerin planning and utilization (seeFigure7.5). As stated above, the
stationing ofthe user unitof the “ITG” model insidehe countryof interestis sufficient.
All the mission unitswill be equippedvith airborne vehicular,shipborng(ifrequired) as
well asmanpackterminals.

For a UN peacekeepingmission’s internal communicationghe ICO
“‘component” of“ITG” model will provide theprimary meansof communicationsand
Teledesicthe secondary.All connectionscan be performed vialCO satellites if the
country’s communications infrastructures either unreachable or non-existent.

Headquarterand commangostswill be equippedwith vehicularand airborne terminals
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for better utilizationand of the schemeAll

units, down to the singleUN peacekeeper or Police officer, will be
equipped withthe ICO handsetqseeTable2.2), thus establishing seamles®nnectivity
evenwith the most remotely locatednit insideandoutside the country.

The versatility of the “ITG” model applicationrenders the limitations
imposed by the assumptions presented SectionB.l of this Chapter obsolete and
redundant. First, there will be no real difference between external and internal
communicationgpart theindividualuseof dedicated channdisr these two tasks.

Secondthe communications scheme undée “ITG” model application
will not need any furthgslanningin orderto accommodatéherequirement®f additional
UN agencies operatingy the country. The communications platformwvill be thereand
ready to accommodataeoresubscribers accordirtg their needs.

Third, the troopcontributing nations~il not haveto provide theirown
equipmenfor internal communications below battalilewel. Theversatileandlightweight
ICO handsetgRef. 16] will beissuedo everyoneof theparticipatingnation’stroops.The
GlobalSystenfor Mobile communications (GSM) specificatiomisthe ICO “component”
allow multiple accessevelsfor high priority users,andthe Personal Computdviemory
CardInternationalAssociation featureenablest’s security whenever required.
It could be arguedthat thebudgetary requiremerfor sucha deployment would play
significant role. From an initial assessment it assumed thathe cost involved is
‘comparableto that from deployingthe INTELSAT system withit's hub, nod earth
stationsandthe appropriate repeatesites withd therequired maintenan@ndtechnical
personnelcoststaken into account.On the other hand, the operationaénefitsof an
“ITG” deploymentareintuitively far greatethanthe INTELSAT deploymentThis factis
self-evident. Ofcourse,if high bandwidth informatiorwasrequiredto be exchangeda
GEOdeploymentwould morepreferable, but foa UnitedNations peacekeepingission
thisis not definitely the case.Both ICO and Teledesic posses®wrethan enouglof the
required bandwidtHor the accomplishmendf sucha mission.A detailed cost estimais
considered by thauthor tobe beyondthe scopeof this researchandis also a task for
futurestudy.
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Last but not least, an “ITG” model application will be free from the
coveragelimitations introduced by the presentschemeutilizing repeatersites. ICO
providesseamless connectivitywith 100 per cent earth coverag@Ref. 17] and Teledesic
72° North to Southlatitudes.The line of limitations of the digital microwave
links between repeater sitesre zeroed becaussuch sites are not neededwith the
proposedmodel.

It could alsobe argued thatthe application of two Mobile Satellite

ICO and Teledesic)in a UN peacekeepingmission complicates their
utilization and enlargethe costof the operation.It is obvious thateachoneof themcan
perform adequately fothe requirementof sucha mission, butheir parallel application
offers the advantageof interchangeable primary argkcondarycommunicationsto the

Chief Communications Officer’s plan.

D. SUMMARY

TheUNMIH [Ref. 35] wasreviewedasa paradigmfor a model
United Nations mission.In this chapter it wasdisplayedhow the internahs
well asexternalcommunications requirementan beaccommodated bthe model
architectureutilizing the ICO and Teledesic Mobile Satellite It wasalso
shown thatsuchan operation carbe performedin a very competent ananore versatile
method tharit is currently. The MSS under investigationyill become operationdly the
year 2000. They will provide a very promisingassetwhich will revolutionize the
worldwide communications bothin the military and civilian arenasas well as in

“operationsotherthan war”(i.e. United Nations peacekeeping missions).
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VIIL CONCLUSIONS AND RECOMMENDATIONS

A.  CONCLUSIONS

ThepreviousChapters introduceanddescribedhe“ITG” modelarchitecturein
orderto accommodatéhe satellite communicatio(SATCOM) needf military forces.
Ts modelarchitecturegomprisedby ICO for narrowband, Teledesfor wideband and
GBS for broadcast SATCOMgathersthe most advancetkaturesfor its potential
applicationson US Armed Forces operationgnd UN peacekeepingnissions.It is now
timeto summariz&ndconcludel themain pointsof this research.

Noneof the Mobile SatelliteSystemgMSS)under investigatiodCO, Teledesic,
Globalstar,Odyssey/ridium) possesd the DoD requirementdor MILSATCOM. In
addition to this, no single MSS can provide the needs and requirementsof US
MILSATCOM alone.Thisis the main reasorthat madethe author produce the concept
of the“ITG” modelarchitecture presentaad ChaptetV.

None of the commercial MSShas any broadcastcapability by means of
transmissiorand highbandwidthrequirementsMoreover, theJS Departmemnf Defense
(DoD) alreadyhasunderwaya threephaseprogramto accommodatd the broadcast
SATCOM requirementof the US Armed Forcesin the 21 century. The Global
Broadcast Serviq€&sBS)will offer high bandwidthbroadcastommunications witlvoice,
video,anddataserviceso d the CONUS andforward deployedJS Armed Forcesunits
d over the world. Therefore,its inclusionin the “ITG” model architecturavill be
unavoidablebut also very beneficialto “mobile” usersand “users on the move”. A
detailed of the three phaseglan aswell asthe concepbf operationsand
featureof GBSwaspresenteth Chapterl11For theissueof the employmenbf “ITG”
in UN peacekeepingissionsthe use of GBStanbe doneunderthe dualassumptiorof

US ForcegarticipationandDoD permission.
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In the narrowbandand widebandarenasasalreadystatedno singlecommercial
MSS can singlehandedly accommodatire needsof US Armed ForcesSATCOM. On
the other hand, a combinationof ICO for narrowbandand Teledesic forwidebandis
suitablefor thistask. Thiscombination hasbeen chosenafter thorough investigation
and research presentad ChaptelV. Teledesidakes glacein the“ITG” architecture
becausat is the only widebandcandidatdRef. 2]. ICO takesthe firstplaceamongthe
narrowband systems becaudéts globalcoveragehigh capacityandquality of services.
Additionally, the participationin ICO of telecommunication organizatiorfsom 44
countries(including the Hellenic Telecommunications Organizati@TE) offersto the
project guaranteedfounding and planning procedureas well as a long history of
successfukooperationwith military organizationsin their respective countrieswo
factors thatbecomevery importantin the potentiamilitary applicationsof the system.
ICO will provide digital voice, data, facsimile, messagingand information services
througha global distributioisystem (se€hapteil).

The quantitativeand qualitative application of the “ITG” model to the US
“Combat Capable” NavaForces(seeChaptersv and VI) has shownthat suchan
applicationis feasiblewith the utilization of commerciaimobile satellite system@VSS).
The US forcescomprisedby a CarrierBattle Group(CVBG) supportingan Amphibious
ReadyGroup (ARG )and a Marine ExpeditionaryUnit (MEU) embarkedon the ARG
provide a circuit requirementscenario(seeChapterV]) that canbe accommodatetly

. the “ITG” concept.This applieseven undethe assumptionsf a “Combat
Capable” Naval Force at another geographical areand the anticipated
usageoccurringsimultaneously.

The quantitativeand qualitative applicationof “ITG” to UN peacekeeping
operations (see Chapteétl) hasalsoproventhat thecommerciaMSS are suitable for
applicationdo operations “othethan war”. The commercialsatellitesystems employed
presentlyfor providing globalconnectivityto UN peacekeepingiissionsdo not offerthe
UN forces thaequiredmobility, flexibility andcoverageThe futureapplicationof MSS

for UN peacekeepingnissionswill provide them with 21% century communication
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productsand servicesat costsf not lesghanthe presenatleastcomparable with them,
thereforemakingthe UNpeacekeeping missionsore versatilandflexible.

The costof the “ITG’ modelarchitecturas comparable wittGEO applications
andthe benefitsof worldwide coverage24 hour availability and small delaytimes (see
Chaptei) andcan balancéhe advantagef high bandwidthoffered bythe GEO systems,
especiallyin applicationgn which high bandwidthis not a factor, suckasnarrowband
(mainlyvoiceandlow data rate dategndmediumbandSATCOM.

Themain conclusiorof thisresearclis that mobile satellitesystems (MSS3anbe
successfullyand innovatively employed in militargommunicationgpplications.As Jai
Singh,the executivevice president olCO saidin May 1996: “The hardesfpart of
projectingtowardthatfuture is usuallythechallengesf freeing our mindsfrom thepast
habitsandpractices” [Ref. 36].

B. RECOMMENDATIONS

The creationof a testbed programis requiredin order toevaluatethe “ITG”
architecturdeforeactuallyimplementinghe conceptwidely. Initially, the planningof the
programcan startas soonasthe decisionfor employingthis model architecturéor the
needsof the US Armed Forceshasbeentaken.All the requiredparameterandfeatures
havebeen welldescribedn this thesisFinally, the actualtestingwill be performedafter
the initial operationof the ICO and TeledesidVobile Satellite have
becomdully operationaby theyear2003-2002.

A costestimation othe“ITG” architecturemplementatiorin the applicationsof
US “Combat CapableNaval Force as well asthe UN peacekeepingnission must be
includedin theglansof the evaluators for these future applications.
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