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_RADI. OCOVMUNI CATI ON SYSTEM USI NG GEOSTATI ONARY AND NON- GEOSTATI ONARY
YSATELLI TES BACKGROUND 5 The present invention generally relates to
met hods and systens for providing radi ocommuni cations and, nore
particularly, to such nmethods and systens which use satellites to provide
radi oconmuni cations. In the past, satellite systenms for providing global
coverage have been of one of three types, Qroadly classifiable by orbiting
di stance into geostationary 10 (CGEO), lowearth orbit (LEO and medi um
earth orbit (MEO . RADIQOOMMUNICATION ISYSTEMIYSING GEOSTATIONARYCat i ons
systemis the | NVARSAT sysiatND NONSGROSTATEONNRY SATEISITES i te _
Organi zation). One advantage of geostationary satellites is that they
remain in a fixed position relative to the earth, and only four such
satellites are required to illuni nat BACKGROUND earth. A di sadvantage of

15 geostati onary tellites is.that they e very, di stgnt. needing high
transmit power and | F@@%ﬂﬁ%ﬂ%ﬁ@“ﬁ?@%’ﬁ@%é%ﬂ%’?@éﬁ“ _rfgstﬁlg_ﬁ(i@?ty and
i ncurring aboubprgviding radiecoMmunieativas ahd Pmofd Satatul¥lpPRHCch Methifdsnd AN
exanpl e of a LEO systemis the |RI D UM system proposed by Mtorola. An

advant age of LE¥Stems which use satelites tocprovide|radipeommpnications. cl oser to 20 the

earth, thereby providi ' ' o L.cat| | 3C tellit are
closer to the earth?&%%@ﬁgﬂ rgyg%vé%@mgg@ﬁy%ﬁgﬁﬁét’wgﬁs
satellite and afie bitireé eypet, bt&@dl'y%ldsﬁiﬁﬁbl@&izvcﬁbitiné distam@Viaf geRtationdriat
about 70 satellites are required _to give 24 hour coverage t o nost f)Oi nts on

t he gl obe.10NVor EGEOD,, losyeasth ombit(LEO)| and reedivm esrtharbit JguAnexampledofya

relative to th S ' ' p@kg? ' nd
frequent handog%%?égp%%%lﬁ?@ﬁ%uﬁl@gﬁnﬁ %&Jﬁgg{]ﬁl e gitwh%&%ggt. An
exanpl e of t he(IntermpationasMatkitifiesSatéllite Organizatic)y LhieYadsanagé iof

proposed by TRW The orbital alt|tyde_of MQ.satel]i tesalgi esgbet ween t he
GEO and MEO or Satellitesis that dhey remain iy a fixedposition relative g the garthy aad.pndyo

four such satellites are required to illuminate the entire earth. A disadvantage of
15  geostationary satellites is that they are very distant, needing high transmit power

and large antennas to provide communications capacity and incurring about a 1/4
second, round-trip, signal propagation delay. | |
An example of a LEO _systém is the IRIDIUM system proposed by
Motorola. An advantage of LEO systems is that the satellites are much clo#er to
20  the earth, thereby providing improved communications. Since the satellites are
closer to the earth, Jess transmitting power is needed for both the satellite and an
-individual user’s transceiver. A disadvantage is that about 70 satellites are
required to give 24 hour coverage to most points on the globe. Moreover,
satellites in low earth orbits move quite rapidly relative to the earth, thereby
25  causing high Doppler shifts and frequent handovers'of communication from one
- satellite to the next. o _

An example of the compromise MEO system is' the ODYSSEY satellite
system proposed by TRW. The orbital altitude of MEO satellites lies between
the GEO and MEO orbits, providing better communication quality than a GEO

30 system, with less movement and Doppler shift than an LEO system. Moreover,
MEO systems ptovidé more or less 24 hour coverage to most points on the globe



30  systeMO%I%% ess novenent and Doppler shift than an LERSHYSISETR3T
Moreover, MEO systens provide nore or |ess 24 hour coverage to nobst points.
on the gI obe WO 95/ 35602

PCT/ US95/ 07837 2 using between 8 and 18 satellites which is much |ess
expensi ve than the about 70 satellite LEO solution. While the MEO sol ution
represents a good conpron se between conflicting requirenents, it suffers
froma practical disadvantage that al nost all 5 satellites nmust be in

pl ace before coverage is sufficient (in percentage of tinme available) to be
consi dered att re§ng 894 o8 satallites whiich isqBuchnlesexpeasive dunfthe aboutF0GPS

satellite navi St ich is alsoa MEO solution. Thus, a
IaHAR 106 Gifio

consi der abl e i nves spanning a multi-year programis needed before

~significant revenue Wailehke ME® cbhtionirepresents £good componikbawetem 10

Accordingly, it would be desirable: tgqrprow de radi oconmuni cati on syst ens

and net hods \Ahl‘i,‘ﬁﬂéﬁ'i'égmt%&ﬂg h &rom apctical disadvantage thap almost gl VEO

d GEO sol & t f
e orocent! ol MIFSe e boop GHERL St n@lﬂe?%%n%?ﬁmg?l“aﬁnﬁh

of a geostati orrwa;lalﬂe)telbecmsideml attraetweete subsiribersomThis dessomw was dagnibie to a
regi on of major. exp th h, -but m ted capacity which

is sufficient t@@dﬁ%tﬁ% P?‘? é}'s“?m S}CidF aislﬂt?sm%é?lé‘mﬂ'h ug,sa
followed by th | % H&ngaﬂi n%@am M;'gd%ﬁ tes. The
MEO satel | tesecgg%iaa?glﬁtll aT'%"?, m%gnt t e cgv Tage -of. the geost ationary

satellite. Lat emgmﬁcm&rmehﬁe carche emadawm mnlementmg mME(Blsystemhe primary ‘
traffic burden can b e, ME tell with the GEO
satellite L‘grfor i ng‘g ﬁéﬁ%’@f‘f}’e Q?F'éa%l? A BFYC W‘%@WW @Rough MEO
systems and methods which overcome the foregomg drawbacks of conventronal
LEQO, MEO and GEO solutions.

15 Aceordmg to exemplary embodlments of the present mventlon a hybrid
GEO/MEQO solution begins hfe w1th the launch of a geostatxonary satellite that
provides radloeommumcatton coverage to a regxon of major expected traffic
growth, but has a lmuted ‘capacity whxch is sufficient to support only an initial
number of subscnbers This is followed by the suecesslve launch of a number of

20 MEO satellites. The MEO satellites can, initially, supplement the coverage of
the geostationary satellite. Later, once sufﬁment MEO satellites are in orbit, the
primary traffic burden can be relcgated to the MEO satelhtes with the GEO
satellite performmg a supplementary role. Fmally, if desxred enough MEO
satellites can be launched to prov1de all of the destred system eapaclty |

25 In this way, a major drawback of MEO systems specxfically the lengthy
penod between initial launching and sufficlent capaclty to reach profitability, is
overcome since systems accordmg to the present mventron prov1de instant
capacity by first Jaunching a geostauonary satelhte |

-~
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satel | it eswo®8/38682|1 aunched to provide all of the desired syBCEHHSEHI8ITi ty.
25 In this way, a major drawback of MEO systens, specifically the
tengt hy period between initi-al |aunching and sufficient capacity to reach
profitability, is overconme since systens according to the present invention
provi de instant capacity by first |launching a geostationary satellite.
WD 95/ 35602 . _ PCT/ US95/ 07837
3 BRI EF DESCRI PTI ON OF THE -DRAW NGS The forggoi ng, ~and ot her, objects,
features. and advantages of the present invention will be nore readily
under st ood upon readi ng t hgRIRF IRSCRIPEION OF THEBRAWENGEN conj unction
with the drawi ngs in which: Figure 1 1lTustrates a geostationary
satellite orbiting tThe foregoing; @and othengobjects,hfeaturessand: advantagesi afrthe prayemte 2
illustrates a geostatianary satell.ite an ver al di rt.h qrbit
satellites accgf‘ "t%ﬂ}%?ﬂar@bhﬂ?m ‘lng&ﬁg?‘ﬁgwﬂ}‘%gﬁtﬂped
i nvention; and deScription in coffjusibtich With the\@rawviggCatwicenary ‘satellite and many
medium earth orbit 'satellit'es according to an exenplary enbodi nent.
DETAI LED DEBCRI PTI ONFigureok illustyates a igeestationann satellitecorbiting, theieauih accordingts a
first satelli t%m 15 . which wll be established in a geostationary orbit
to provide the ?\Pﬁsgfhggﬁ'g@ ty of the system Although |imted inits
capacity, this geostEpieRillustatesh gebttatichappsatelliRVvdndeseveral nedium esr@tpaci ty
to serve a limted nunber of subscribers within a predefined geographical
coverage or tr it satellites angording to, anofier exemplasy embodimeat of the|present 30
remains wthi niﬁﬁﬁgﬁpg{daphi cal coverage area 20 and is one of 20 t he
limted number "0T subscCribers served by geostationary satellite 10, the

10 . .Figure 3 shows a geostationary satellite and many medium earth orbit

satellites according to an exemplary embodiment.

DETAILED DESCRIPTION
According to the present invention, Figure 1 shows a first satellite 10
15  which will be established in a geostationary orbit to provide the initial capacity of
the system. Although limited in its capacity, this geostationary satellite 10 can
~ provide sufficient capacity to serve a limited number of subscribers within a
predefined geographical coverage or traffic area 20. Thus, for example, if a
terminal unit 30 remains within the geographical coverage area 20 and is one of
20 the limited number of subscribers served by geostationary satellite 10, the
terminal unit 30 would expect to receive gdod service except, perhaps, at peak
usage times. | o ' '
During a second phase of system development, successive satellites 40 can
be launched into a medium earth orbit as seen in Figure 2. For exainple, such
25  an orbit could be a so-‘mlled. harmonically synchronous orbit whereby the satellite
orbits the earth an integral number of times in one sidereal day such that the
ground track repeats. For example, an orbital radius of 16756 km (orbital height
10386 km) gives 4 orbits per sidereal day. Note that each of the medium earth
orbit satellites 40 could have greater nominal capacity than the geostationary
30  satellite 10 due to their relative proximity. Of course, a single medium earth



term nal woi9s/3882wul d expect to receive good service excePCIUsesHmps, at
peak usage tinmes. During a second phase of system devel opment, successive
satellites 40 can be | aunched into a nmediumearth orbit as seen in Figure
2. For example, such 25 an orbit could be a so-called harnonically
synchronous orbit whereby the satellite orbits the earth an integral nunber
of times in one sidereal day such that the ground track repeats. For

exanpl e, an orbital radius of 16756 km (orpital height 10386 kn) gives 4
orbits per sidereal day. Not e that each of the mediumearth orbit

- satel lites 40 groiylsghellie 80 WillFHo Coved Hn§ Fegion RAChE ¥aith Fr b eﬁﬁ%tﬁad Ry 30
satellite 10 due to their relative proximty. O tourse, a single nedium .
earth VWO QBYfm for example, for two hours once per day, but this coverage can be

PCT/ US95/ 07837,4 orbit satelli WI .l cover regi.on on.the earth
for more t han SHOYENACQCGHT Eag‘a 'h'b? f?}ref%ﬁ %fﬂ’ %‘%@@ per day,
but this Coveﬂa&ﬁoﬁa&dﬂ&ushem&nm tﬁ@ﬁuﬁteatcagamadf thé GEO SateRitd Mlowing! he
day at Ieast one maj or traff | ocat i on, and t hus suppl ement the Ilmted

capacity df feslleQMtQ) w@aa .t he nunber of subscribers to be.
expanded. . One desi r Vas ' cordi ng
to the present mve%?eb%e%“?@ tc%%gﬁérgg% Wé@lﬁ%%&@% §§ﬁ%et hod
(e.g., FDVA, Diddént iﬁli?wnanshké:trthdmddaraeoﬁ)anmmﬂupleractewmbode(ecgange of
radi o signal s _between a term nal E\Qpraq ‘Qe sa ellites be the sanmg,

regardl ess of FIMA,HaMdo CONA g8 dvarway-sxchangernt; radio

iﬂjﬂ !31: tSZr?(r)g%irsa su%nu%%eri@eﬁ ?‘R z‘ﬂg%ésuc t%s%%th&@ﬁny% éflsi/&ot/grfl i es (

. the chosel semhedmrahegemmmhaychrsnghamMGthmﬂﬁesarpmccﬂded ARt isatse VEO

satellites 40 %&?ab'lé‘ at EdME[B) r Ofodttt]eea gubml?ltlple of a day such that

it repeatedly overflies the chosen service area at the designated peak traffic
period. S : : |
As more MEO satellites 40 are launched, more and more of the global
15 traffic from a continuously expanding subscriber base will be taken by the MEO
satellites. Ultimately, if enough MEO sate]lites are launched, the GEO satellite
10 can be dispensed with. However, the number.of MEO satellites 40 required
to provide coverage 100% of the time at 100% of locations is significantly
greater than if these percentages are relaxed, particularly when secondary criteria
20 - are added, such as a mobile-satellite angle of elevation greater than 20 degrees,
. or visib_ility of two satellites from every mobile phOne' for at least 90% of the
time, to provide diversity reception. . _
_ When a greater number of MEO satellites have been launched, as shown
in Figure 3, there will still be "holes” in the coverage where the secondary
25  criteria are not met at particular locations for some of the time. According to the
present invention, the geostaﬁOnary satellite or satellites are maintained in
operation in this phase in order to fill in the holes, thus allowing the secondary
‘criteria to be met w1th a smaller final number of MEO satellites 40.
. It can be seen that the origiha_lly- laun_éhed geostationary satellite 10 has a
30 different role in three different program phases: '



15 - traf Wa9%35602 a conti nuously expandi ng. subscri ber base R&TUSISB78Bken by
the MEO satellites. Utimately, if ‘enough MEO satellites are |aunched, the
'GEO satellite 10 can be dispensed wi th. However, the number of MEO
satellites 40 required to provide coverage 100% of the tine at 100% of

| ocations is significantly greater than if these percentages are rel axed,
particul arly when secondary criteria 20 are added, such as a

mobi | e-satellite angle of el‘evation great e§ t han 20-degrees, or visibility
of two satellites fromevery nobile phone for at |east 90% of the time, to
provide diversity rgm PN. Ve BedsttionasyatdlieionedroMded s@vRE!tblaes have
been | aunched, as shown in Figuré 3; there will still be "holes" in the
coverage where the secondary Bmited dnitialsubscriber base: net at particul ar

| ocations for sone the.ti ~Accordi ng t h resent .i nvention, ,the
geost ati onary sat el ﬁ"l‘gﬁb?: sglti'g? SF?sg%mgF% #g‘?l#\tfi}agéﬁ Apacity Supplemnted af p; o
phase in order to fill in the})&k‘@ﬁﬁctﬂéﬁédﬁb oné 08 nidte MEOMAfhHit¥s.Criteri a
to be met with a smaller final nunmber of MEO satellites 40. It can be seen

that the ofigi nal | yPHASEBed Fhe geostationary,satallite| fillsdn” forrthe hglegdn the
different role in three diffe . r H
PCT/ US95/ 07837 5 PHASE 1: T@%ﬁs@g %gpm%‘? W‘%@“ﬁﬁé’ggﬁgﬁc&i des

service to a limted initial sawltitesi ber base. PHASE 2: The geostationary
satellite has its capacity suPpI enented at peak traffic, periods by one or

more MEO sat el In pwler tasoperate eftectivaly girall three rples, b geastationary, satellits 10 ¢

conet 5 1o o OVRLBRSES s FRASLAAE. W O SR bl 3l

three rol 49, t peospionrytsateliite should delablectoldiréct capacity to needy regions (e.g., the
holes) by means of electronicaily or mechanically steered antenna beams or
‘switched beams. An exemplary technical solution for directing such capacity
would be to use a phased array satellite transponder as disclosed in U.S. Patent
Application Serial No. 08/179,953 to Paul W. Dent entitled "A Cellular Satellite

15  Communications System with Improved Frequency Reuse” filed on January 11,

1994 which disclosure is incorporated, in its entirety, here by reference. An
aitema_tive arrangement, however, is the multi-beam parabolic antenna system
driven by a so-called matrix power amplifier, as used on current INMARSAT-II
satellites, and described in U.S. Patent 3,917,998 to Welti which disclosure is
20  also incorporated here by reference. The matrix power amplifier arrangement
allowing either the power of each transmit amplifier to drive an associated beam,
or, with great flexibility, and on a signal-by-signal basis, the power of several
power amplifier stages to be collected into a single beam, if that is where the
capacity is currently most needed. . -
25 Although the present invention has been described in terms of the
| foregoing exemplary embodiments, these embodiments are intended to be
illustrative in all respects rather than restrictive of the bresent invention. For
example, although the foregoing exemplary embodiments have only one
" geostationary satellite and a plurality of medium earth orbit satellites, two or
30 more geostationary satellites could be provided. Moreover, although it would be



shoul d poswases/asep2t-ai n characteristics. In particular, to fyldyddoesiphigsy phase
3 role, the 10 geostationary satellite should be able to direct capacity
to needy regions (e.g., the holes) by nmeans of electronically or
mechani-cal ly steered antenna beans or swtched beans. An exenplary

techni cal solution for directing such capacity would be to use a phased
array satellite transponder as disclosed in U S. Patent Application Serial
No. 08/179,953 to Paul W Dent entitled "/\é}ﬂl ular Satellite 15

Comuni cations Systemw th I nproved Frequency Reuse" filed on January 11,

1994 which di s¢{gsdHi€ td fiul : I Qathits i e e ref erence.
An alternati veqar r_ar%gédné&r‘{?&% .vg'rh,& I'S &%ﬁ%ﬂﬁ%}%m&;ﬁg&?@a&%&ﬂ%
system driven loy moreanediithewirtireorbit satphitesr comichbé launchedatseforecttie gBostationan!

| NVARSAT- 11| sate Jitgi, aqgggfscribedy%g U.E. Patent 3,917,998 to Velti
whi ch di scl osursatelite. Jhose,slalleq in-the szt will readily appreciate; that-many modificasions x
power anplifier ARG blXtedChy. ﬁxhaﬁ BRRE ! '
anplifier to drainee an ass{)%?g{,%tgmgeam %Pﬁvm t htgreat°'ff"3§|§§%°¥’§3ﬁ%’} on a
"si gnal - by- & gndly thagppsnded elapmsvinclusting all equivalpntadhereofol i fi er st ages' to be
collected into a single beam if that is where the capacity is currently

nost needed. 25 Al t hough the present invention has been descri bed
in terns of the foregoing exenplary enbodinents, these enbodinents are
intended to be illustrative in all respects rather than restrictive of the

present invention. For exanple, -al though the foregoing :exenplary

enbodi ments have only one geostationary satellite and a plurality of nedium
earth orbit satellites, two or 30 nore geostationary satellites could be -‘
provi ded. Moreover, although it would be WO 95/ 35602 - .

PCT/ US95/ 07837 6 desirable to | aunch the geostationary satellite first to
provide instant capacity, one or nore mediumearth orbit satellites could

be | aunched before the geostationary L



satel | i t eWOPRBS@®2skilled in the art will readily appreci at B {W§SHVEH

nodi fications and adaptations are contenplated by the present invention
iwhose scope is defined 5 by the appended clainms including all equivalents
t her eof . WO 95/ 35602 '

PCT/ US95/ 07837-7 Clains: 1. A satellite comunications system
conprising: at |east one geostationary satellit 1e_nedi um
earth orbiting 5 satellite for providing radio comunications to a

plurality of renote subscriber termnals, in whi cilﬂ‘“ﬁ"mt'mm, e

geostationary Giginfh| i t e provides radi o communi cat'i’YsHs [ um;t e
.subscriber termnals during periods when the renote subdcrbet terninal s

cannot access one of said at |east one nediumearth orbit satellites. 10 2.

A satellite communiscati o LSing: gﬁﬁﬁi jonary satellite
whi ch provi.des r'adilo co%@%ﬁ%&gw@érgﬁ)&@ Pl UY si'ﬁgty of . renote
subscri ber term nal at Mistione gebstationarie shitellitecdndi dt 168t ohé niediun® eXfte biblitisyal |
wherein said firsf mediumorbit satellite supplenents the radio 15

viding ragic.eommpnications e acplprality ef remote subscriben

communi catd on sateHifg for pro

&
medi um orbi t Lhite is: i . ' to claim?2
wherein said fi rs'%n’e@i%ﬁ%cg?%?lé%?h?@s%m%@%@?ﬁﬁgégom ion to
cover at | easicomntunications toafdid cemote aubscribentermihals duringeperiolis dvtien the A
syst em accor di n'gp{eo lajm?2 further co ality of additional

rising:.a.plu )
medi um earth &FBPie suBITiber termingls capngt %‘ffe?faﬁai‘gﬂta{“%ﬂnéﬁ“%‘m earthst
medi um or bi t  gdiekdibiigegbeconmes operational, .

10

2. A satellite communications system comprising;

a geostationary satellite which provides radio communication service to a
plurality of remote subscriber terminals until a first medium orbit satellite is
operational, wherein said first medium orbit satellite supplements the radio _

15  communication service of said geostationary satellite after the first medium orbit
satellite is operational. |

3. A system according to claim 2 wherein said first medium orbit
satellite is disposed in a position to cover at least one peak traffic area at peak
20 times of day. '

4. A system according to claim 2 fui'ther'oomprising:
| a plurality of additional medium earth orbit satellites which
become operational after said first medium orbit satellite becomes operational,
25  wherein said
geostationary satellite directs its capacity to serve areas determined based on
traffic and service capacity of the medium earth orbit satellites.

S. A systeni. according to claim 1 in which said geostationary satellite
30 is followed successively by an increasing number of medium earth orbit



25 wheweo o5/ss6001 geostationary satellite directs its capakCT/USIS®IeRAr ve
areas determ ned based on traffic and service capacity of the nmediumearth
orbit satellites. 5. A system according to claiml in which said
geostationary satellite 30 ~is followed succes I asi ng
nunber of -medi um earth orbit WD 95/ 35602 s”“ﬂ H“I““m’“lll“ﬂ“e
PCT/US9S/ 07837 * C L M S * 8 satellites, said deost af! |o?1ary satellite
provi di ng one of: stand al one service to sgbscribers; service to
subscribers suppl emented at. peak periods by at - Ieast one medi um earth
orbit satel "tﬁtelﬁtéel Sid éé‘s& Bifliteprévidiigasiie off OstariPaloRly s&dicd tedi um

earth 5 orbit satell |tes he systemaccording to claimb5, wherein
t he service prﬂlbs@!htrhy sai d geostationary satellite is deternined based on

T AR A 8 s S,

the steps of: éitnatkilig, and sireick iforegapstin coverags providudcty sdid imddiung e@ith di ng:
radi ocommuni cation service to said plurality of terminal units 15 usi ng

only said §eosomitisstellitgs.sat.el lite prior to l'aunching additional satellites;
| aunching a plurality of satellites into a mediumearth orbit; and
provi di ng radi ocommuni cation service using both said geostationary

satellite and at |eg@st dme@jsmadcq@ﬂmgablclamcﬁ whd'emrﬂneaettvicequbvided by

satellites. 20 ' Th t hod claim7 wherej I d second
provi di ng st epgagdjggq;guonary satelhte?s etermmegbased on'a number of m i%m

orbit satellites in orbit.

10
7. A method of providing radiocommunication to a plurality of
terrmnal units compnsmg the steps of:
launching a satellite into a geostationary orbit;
providing radiocommunication service to said plurality of terminal units
15  using only said geostationary satellite prior to launching additional satellites;
launching a plurality of satellites into a medium earth orbit; and
providing radiocommunication service using both said geostationary
satellite and at least one of said plurality of medium earth orbit satellites.

20 8. The method of claim 7 wherein said second providing step further
comprises the steps of:
providing radlocommumcanon service using said at least one of said
plurality medium earth orbit satellites to supplement said service of said
geostationary satellite until a predetermmed number of said medium earth orbit
25  satellites have been launched, after which providing radiocommunication service
using said geostationary satellite to supplement service of said medium earth orbit
satellites. | L

| 9. A satellite communications system for serving a number of
30  ground-base terminals with varying activity levels comprising: -



‘ .

conpri ses W0 85/3%66ps of . provi di ng radi ocomuni cation servi cRCTEINGTHi d at
least one of said plurality mediumearth orbit satellites to suppl enent
Yaid service of said geostationary satellite until a p ied nunber of said

medi um earth orbit 25 satellites have been | aunch ' _
‘providing radi ocomuni cation service using said ge(m m g'u l& lll iteto
suppl enent service of said nediumearth orbit satellstes.L9.n s A*satellite

conmmuni cations system for setving a nunbergof 30 ground-base termnals wth
varying activity |levels conprising: WO 95/ 35602

- PCT/ US95/ 07837 9 a geesitationanpsatelitt! dikposed sl as robe disitle &dni thelRrviés ateh e
fromthe service area 24 hours a day; at |east one sub-synchronous
satellite in ak4bonrsta daii ng a repeating ground track tinmed to cover said

service area at ti [ : | - based
termnals. 10. TH@%@%@?%@%@@@%%& E’%/i"gf”r'ﬁ‘@t‘ﬁ'@t %é’?ﬁegg rising a
central groundgfduntiteack itiimedooreover sdid servivetatez ati timeeofsexpletted peyk activityl i t e
and with said sfub-,aynchronou sat"%il ite when visible for relaying signals
‘pet ween thé 100f saidground pEBINAYSe| ephone and said terminals via at | east
one of said satellites. 11. The conmuni cations -system of claim 10 further
conprising control neans to st.eer antenna spot beans of said geostationary
satellite to | ocati s niThecommunjcations sydtequaf clhim Scfurther omprising at | east
one sub-synchronous satellife., 15 12., .GO ni catj ons system 8f claim

.Th
11 i1 whi eh safehuELSRU9A SASeRdn COmERcRiPR fostationary salcllite and with

said sub-synchronous satellite when visible for relaying signals between the

10 public switches’ telephone and said terminals via at least one of said satellites.

11.  The communications system of claim 10 further comprising control
means to steer antenna spot beams of said geostationary satellite to locations
momentarily not adequately served by said at leést one sub-synchronous satellite.

15 ‘
12.  The communications system of claim 11 in which said control

means is a beamforming computer.

13.  The communications system of claim 12 in which said
20  beamforming computer is located at said central station.

14. A communications system for providing telephone communications
between portable wireless terminals and the public switched telephone system via
orbiting satellites comprising: |

25 at least one geostationary relay satellite comprising an electronically
steerable antenna; .

at least one sub-synchronous reiay satellite;

a tracking network for tracking the instantaneous position of said satellite
and feeding information to communications gateway stations;



13..  Thewmssmssiacat i ons systemof claim 12 in which said FtTusesenser m ng
conputer is located at said central station. 14. - A communications system

for providing tel ephone commnications between-portable wireless termnals

and the public swtched tel ephone systemvia orbiting satellites

conpri-sing: 25 at | east one geostati one'mmiuﬂ“mmm”m
conprising an electronically steerabl e antenna;
sub-synchronous rel.ay satellite; a tracki net wor k “f ot tYacki g the

i nst ant aneous position of said satellite and feeding information to
comuni cat i ons gat eydyast bd coMmunicatios St ﬁﬁ}ﬁ%on connected to the PSTN an

PCT/ US95/ 07837 10 at | east one conmuni cat i ateway station connected to
t he PSTN and iin communicationi with Wdhtmwmgmuonmeelgyemﬂitem;atewk)ay

satellite, sai te . station conprising: control. neans for controlling
the areas |II id 5 steerable antenna' s beams; routi ng nmeans

for routing signals bet V@sitrob frielingfor coRtr6lling rthé Mﬂﬁﬁﬁnhdeab&’s.m via a
satellite and antenna beam control | ed based on i nf or rratl on- from sai d
tracki ng n¥®t woitgerable antenna’s beams;
routing means for routing signals between sa'id portable terminals
and the PSTN via a satellite and antenna beam controlled based on information

from said tracking: network. -



