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SATELLI TE COMMUNI CATI ONS SYSTEM HAVI NG DI STRI BUTED USER ASSI GNVENT AND
RESCURCE Axg daVEAT W TH TERRESTRI AL GATEWAYS 5 FI ELD OF THectAYNdahibdai\:
Thi s I nvention rel ates generally to satellite communications
systens and, in particular, to resource asiwgnnent techni ques for satellite
communi cati on systens. BACKGROUND OF THE | NVENTION: 10 Commonly assi gned
U.S. Patent No. 5,448,623, issued Septenber 5, 1995, entitled "Satellite
Tel econmuni cati ons System Usi ng Network Coordi nati ng Gat eways Operative
with a Terrestrial Communication System, by R A Wedeman and P. AL Mnte,
describes a wireless tel ephone system capable 15 of servicing a roam ng

wi rel ess tel ephone user. The systemincludes a satellite conmunications
system having at | east one and preferably a constellation of orbiting
satellites; at |least one terrestrial -based gateway having access to a

dat abase of users ﬁ¥¥§ in at
| east one sateH|t§§§§#V|ce area;, a m#?quggﬁﬁgﬁng contro (Ey%ﬁﬁ and

a plurality of t er r esUBER| ASSRANMENT: ANRSRESARBCEAASSIENMENTa| dat a
network |inks together the tergxeefir reRrREEFRIACOBAPRRAKE Of the system and
I's used for communi cating, by exanple, 25 system control and status

i nformati on anongst the terrestrial -based conponents. The system operates
by effecti 80 CBIELD OFt THE NNUVENTION: WO 98/ 42143

PCT/ US98/ 02888 2 terrestrial wreless tel ephone end user transceiver and a
terrestrial conmmunications link via a relay through a single satellite or a
successi on of Fhigl e rigivgntiore| | i retatene r denperadild | i t®onay sb&eld ifst i on

relative communications systems and, in particular, to resource

-assignment techniques for satellite communication systems.
BACKGROUND OF THE INVENTTON:

10 Commonly assigned U.S. Patent No. 5,448,623, issued
September 5, 1995, entitled "Satellite Telecommunications
System Using Network Coordinating Gateways Operative with
a Terrestrial Communication System", by R.A. Wiedeman and
P.A. Monte, describes a wireless telephone system capable

15 of servicing a roaming wireless telephone user. The system
includes a satellite communications systeh having at least
one and preferably a constellation of orbiting satellites:;
at least one terrestrial-based gateway having access to a

. database of users; at least one network coordinating

20 gateway within at least one satellite service area; a
single network control center; and a plurality df
terrestrial communications 1links. A terrestrial data
network links together the terrestrial-based components of
the system, and is used for communicating, by example,

25 system ‘control and status information amongst the
terrestrial-based components.

The system operates by effecting communication between a



5 to the end user transceiver and the terrestrial comunications
l'ink. The terrestrial-based gateway cooperates with the network

dat abase tqngg,%tﬁ hand-of f froma first orbiting satellit e pcanikossiagsd
orbiting satellite. The satellites orbiting near the earth need only 10

transl ate signals fromthe gateways and fr the users to the gateways,
W thout satellite-based control. That is, the satellites function to

recei ve a grou Y.
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bidirectionally coug to at |east ,one terrestrial communications Ssystém .
and act to coupF%tF %’-Egerﬂ!%lsﬁltﬁ&lhttﬁst ﬁEbﬁ-EFPQSP??EIt%ml't&FPén°§}¥tem
t hrough atibeastranslatéesigh&ls frop) €Bé4gddéways and from the users to

ones of t he. pl uFBPI LT LEr Mhacud, BA5BIPEER-Bashd SohfUET ke, R EhE"
request from thsatedtlitesni mcmMUgm at rIaeasveonea sagebundeprigdlnated
further operabl g ffkmission from a gateway of a user transceiver,
frequency translate the received transmission, and transmit
15 to the frequency translated transmission back to the
ground.

OBJECT OF THE INVENTION:

It is an object of this invention to provide improvements
to the satellite~based communications system that is
20 described in U.S. Patent No. 5,448,623.

SUM Y OF THE INVENTION

The foregoing and other problems are overcome and the
object of the invention are realized by a satellite

25 communications system having at least one satellite; a
system controller; a plurality of gateways:; and at least
one user terminal operable for bidirectionally
communicating with at least one of the gateways through at
least one satellite. Individual ones of the plurality of

30 gateways are bidirectionally coupled to at 1least one
terrestrial communications system and act to couple the
user terminal to the terrestrial communication system
through at least one satellite.



5 notifying the requesting user termnal, through at |east one satellite,
that the user termnal is one of accepted by the gateway for establishing a

conmuni cat ivpg ok/iidilis Or not accepted by the gateway for establpicTiussgoisse
communi cation link. 10 In accordance with a further aspect of this

i nvention, individual ones of the pluralitysof gateways are bidirectionally
coupled to a database indicating the identities of active, |ogged-in user

termnnals. The ﬁﬁtsa@afdaﬁ@e €Y5cete e afstyedtew ¢hig anvegtibn eﬁlﬂﬂi’&/ﬂiﬁam 15
a user termnal, throug 'f@ﬁroleﬁfat egl ﬁ‘?‘— and are further gper

for notifying tABePed® st€¥© & at AFEasPPERBPLS: e PFte
of one of: (a) trBeéivhagumeradomss urek;uesltogrom tmm Itermlimﬂ.,atherpugﬂ by
t he gat enay for_st he (

termnal's |og- P?‘i 0‘Lquest %s ngﬁé een éc?e}% E}Syhﬁ%ré@tg% v?/ta%’ gat g\‘/\)é'y
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a gateway or .gateways to I ch, the, user,termna
shoul d appl y fth&caé§§WélY 8%~ '%t@ﬁﬂnﬂ'@gg ﬁ&%‘&%‘!’é’rﬁ?‘i&?‘heh?hcf’ﬁd@?%
data network thakcepteachyness syd tewasy Sarmestabldshbngtiet bemputiaaittiypnof
gat eways. The ditaknetmnrk I s enpl oyed by the system 30 controller and by
the gateways fo Maunber of pur poses, including selectively assigning
system resources to individual ones of the plurality of gateways based at

| east [N P3pl Ohnd dUSHldERL (FIBRY A Fustind P hbgaRY" G5 thik inVentilhi143

PCT/ US98/ 0 ance w t urther aspect .of this 1 nvention,
dat a network isinddvdgualpy ones en‘bf)dl Ehej nPdmgaddty vvl‘?fel eI3tAWRAYET k adfﬁd a
conbi nation of @jWikeetieh4dnlk aBe8upled to a database indicating the

identities of active, 1logged-in user terminals. The
gateways are operable for receiving a log-in request from

15 a user terminal, through at least one satellite, and are
further operable for notifying the requesting user
terminal, through at least one satellite, of one of: (a)
that the user terminal's log-in request has been accepted
by the gateway for storage in the database; and (b) that

20 the user terminal's log-in request has not been accepted by
the gateway.

A gateway that does not accept a user terminal can indicate
to the user terminal, based at 1least in part on a
determined location of the user terminal, an identification

25 of a gateway or gateways to which the user terminal should
apply for access or log-in purposes.

The system further includes a data network that
interconnects the system controller and the plurality of
gateways. The data network is employed by the system

30 controller and by the gateways for a number of purposes,
including selectively assigning system resources to
individual ones of the plurality of gateways based at least
in part on a predicted demand for system resources. In



a wreless network. For exanple, all or a portion of the 5 data network can
be enbodied within wireless |inks that are established between gateways,

via the at w@agirggne communi cation satellite. BRI EF DESCRI P

DRAW NGS The above set forth and other features of the |nve§tb?(§r§5§?2§ﬂlzo
made nore apparent in the ensuing Detailed Descrl ption of the Invention
when read in conjunction with the attached awi ngs, wherein: Fig. 1is

bl ook di a1 am Glochaaaheld 0 O MHIEEREEORSBERETDE N3 b QARG e

operated in accor dance wt r esent preferred enbo
i nvention; Fi g.98ta sngtyprky if aﬁ?ﬁﬁ?ﬁ?dorﬁl opndhenhadied sinf dhey. of; d:l g.

3Ais a block mmmsnfneﬁwmmﬁmla:eudm&ta@drp& of WiedPhdtifork a
satellites of Flg’,)‘,}? 3% érates a ortlgg of abeampatternt‘hat
is 20 associ &t SH%H4E° rtee "fmf]he 2 cFERIRLSof 2ELgOT12 RAFtien jaf the
di agram of %@ fidatia aetwdrkecandbe embadiad ddith imctrieel eksbal iARY Hicattd v
or partially erduqdj Kk nn t|n on- geosynchronous
satellites and terrlé'gtérﬂlégl gri)aét%E’v\é/a(:'i’{s1 W 3@' t aag-'r ﬁtly rl'a S nd
embodi nent of FommINdaatdon satedddterat may be whol ly or partially
enbodied within RF links interconnecting satellites and terrestri al

gat eways, wherein at |east_one of the satgl I tes is_a WO 98/ 42143

PCT/ US98/ 02888 5 geosynchr 108 % iE; DRAWINGEes 3 user
termnal, three service areas, beams fromthree satellltes and three

gat eways, and i e t of__thi nvention; Fi gs.

6A and 6B are ;i&felug\%fog Egt ﬁ&tLéﬁ rHngto% QggF tJFB‘a ’ottv?rl’ﬁ"s°n are

i nventi on;10r g magde gmoxef appagentt irhdhe lengating @taﬂtetd)rnésumﬂpﬂcﬁf of
the Invention when read in conjunction with the attached

Drawings, wherein:

Fig. 1 is block diagram of a satellite communication system
that is constructed and operated in accordance with a
15 presently preferred embodiment of this invention:

Fig. 2 is a block diagram of one of the gateways of Fig. 1;

Fig. 3A is a block diagram of the communications payload of
one of the satellites of Fig. 1;

Fig. 3B illustrates a portion of a beam pattern that is
20 associated with one of the satellites of Fig. 1;

Fig. 4A is a diagram of a first embodiment of a system data
network that may be wholly or partially embodied within RF
links interconnecting non-geosynchronous satellites and
terrestrial gateways:

25 Fig. 4B is a diagram of a second embodiment of a system
data network that may be wholly or partially embodied
within RF links interconnecting satellites and terrestrial
gateways, wherein at least one of the satellites is a



this invention;, and Fig. 8 is a block diagramof a user termnal that is 10
adapted for practicing the teaching of this invention. DETAI LED DESCRI PTI ON
OF THE | NVENH dghhfadsg: 1 illustrates a presently preferred enkegussmbssl a
satellite conmunication system 10 that is suitable for use with the
presently preferred enbodi ment of this invegtion. 15 Bef ore descri bi ng
this invention in detail, a description wll first be made of the

conmuni cation s : I3 onpl et e under st andi ng nay be had o
cation Sy st 10112 e50MP! d di be had of
ntion. Th '

the present inv e comruni cations system 10 nmay be conceptual |y
sub- 20 divided into a plurality of segnments 1, 2, 3 and 4. Segnent 1 is

geferred to gezq.-iiraj_asge[ aj_;gpl )@g@ras@émt tusﬁﬁgﬁﬁﬁinifia%s &hu-&@rt ggigamh , aigETENt
as a groun errestria egnen ~Segnen as a telephone system
T act Puct ure. BAREETeh LREARG SpkeRodtAs nand ried, HACEPATE, , 2T TR
segnent 25 3 iuwsdfiulenide dexpd sdimdong as sredihod efp dobelrst sinvett deores | ocat ed

anywhere on or adjacent to (including aircraft) the surface of the earth.

Any conponents that are located on or over bodies of water are thus
consi dered t b&igsd fhednd 6B mre ax§low £hprt that illustrates a first

PCT/ US98/ 02888 Gudttod &8¢ adiid alnvediiiyyd; | n the presently preferred
enbodi nent of this invention there are a total of 48 satellites in, by

exanple, a 1414 5 km Low Earth Orbit (LEQ . The satellites 12 are
distributed in et oriki malflpwacharti thasi X1kgstrayespacedcondahéthed eer

pl ane (\Wal ker caqnsieldatiqn)....T rbital planes are inclined at 52 degrees
W th respect toq'[ se’d&%%‘%ar}fd%&c)h satellite conpletes an orbit once

every 114 mnutes. This 10 approach provi des approximately full-earth

coverage wth, %ﬁ%erab'i/s at digpd am?faﬁeldf'tgsuis@f/ieminarytqia\tenis
time froma particular_ user |ocat]jon befween ahout 7 . )
1 adapted for practicing the teaching of this invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a presently preferred embodiment of a
satellite communication system 10 that is suitable for use
with the presently preferred embodiment of this invention.

15 Before describing this invention in detail, a description
will first be made of the communication system 10 so that
a more complete understanding may be had of the present
invention.

The communicatioﬁs system 10 may be conceptually sub-
20 divided into a plurality of segments 1, 2, 3 and 4. Segment
1 is referred to herein as a- Spacé segment, segment 2 as a
user segment, segment 3 as a ground (terrestrial) segment,
and segment 4 as a telephone system infrastructure segment.

It should be noted that the ground or terrestrial segment
25 3 is intended to encompass all components that are located
anywhere on or adjacent to (including aircraft) the surface
of the earth. Any components that are located on or over
bodies of water are thus considered to be included within



degree south latitude and about 70 degree north latitude. As such, a user
Is enabled to communicate to or fromnearly 15 any point on the earth's

surface W W ép14at eway (GN 18 coverage area to or from ophgiyspie2dés ON
the earth's surface (by way of the PSTN), via one or nore gateways 18 and

one or nore of the satellites 12, possibly glso using a portion of the
t el ephone infrastructure segnent 4. 20 It is noted at this point that the

foregoi ng and efsdli turdleperi Dt | dydnt he system 10 represents but one
sui tabl e enbodi nent of a communi cation systemw thin which the teaching of

this invention may find use. That is, the specific details of the
communi cati on skst theapeesehtly hreferradachiosd Dnentr ved thist ihvehtDen

sense upon the practice o .S I nvend i t i nuj ng .,now w t

description of ﬁh%c%y% een% 1%&1'%1 s‘g#/tjg r%}‘é?]g)%%njdb‘ff p‘?’ﬁ%%%h]s € heR wbdht
satellites 82, lamclmt E@rtwt Oxckiti (LEQ) dRile sadeldfites 3goareadistributed
transmtted by tt%.lll bhaneE! QltﬁBél pé Af -é&‘?é?é? tellites

comuni cat i ons VI & spre ectrum& %] code VI S e acCcess
(CDVR) t echni qtRerTPka%‘Feé@ﬂ% §* pPens pddationpwa Thee [arkdital sP]simﬁ?r aRreo

the TIA ElA | ntgid¢Iifé@ndand, de Eélsew.&ﬁttégp&@@&cﬂth@ egueterahhli baEN
St andard for Dual

PCT/ US98/ 02888 %a‘iﬁl\ﬁﬂ’o‘é%ac%ﬁi% %p"’BEt?‘EHﬁ"Ce?’P‘Eﬂ’ VX bH minpeesy  Thiés,
July 1993,1@l t happpoath epropides apmooximately GAX] +exith qmmevanglepwbtnpol S

can be enpl oye al je @ I C

such as rrp / %ﬁiﬁ% at ﬂgagyn%ﬁ"ﬁa? ag(ré]ig?' %se%cﬁﬁ i quesfﬁg?'hg%?gﬂ/
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preferred enbodj nent of this inpventi solely as ent pip 10
repeater to redd® SR AHERECLS f?%ftf‘? c?cé‘?w or’from nearly

15 any point on the earth's surface w1th1n a gateway (cGw) 18
coverage area to or from other points on the earth's
surface (by way of the PSTN), via one or more gateways 18
and one or more of the satellites 12, possibly also using
a portion of the telephone infrastructure segment 4.

20 It is noted at this point that the foregoing and ensuing
description of the system 10 represents but one suitable
embodiment of a communication system within which the
teaching of this invention may find use. That is, the
specific details of the communication system are not to be

25 read or construed in a limiting sense upon the practice of
this invention.

Continuing now with a description of the system 10, a soft
transfer (handoff) process between satellites 12, and also
between individual ones of 16 spot beams transmitted by
30 each satellite (Fig. 3B), provides unbroken communications
via a spread spectrum (SS), code division multiple access
(CDMA) technique. The presently preferred SS~CDMA technique
is similar to the TIA/EIA Interim Standard, "Mobile
Station-Base Station Compatibility Standard for Dual-Mode



as speech and/or data) froma user termnal 13 or froma gateway 18,
convert the received comunications traffic signal to another frequency
band, and tWolohRsyase-transnt the converted signal. That is,pdi9uspenisssrd
signal 15 processing of a received conmmunications traffic signal occurs,
and the satellite 12 does not becone aware ?f any intelligence that a
received or transmtted conmunications traffic signal may be conveyi ng.

Furthernore, thgsgeRaRd E%r@%dd'srp'é"étr‘iﬁdw@lé‘if@ié:?nsiréﬂgmm'I'% JETA o5,
between the satellites 12 That is, each of the satellites 1 rec i ves
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a receiver | OCﬁt@ﬁﬁl_tl nlt he user %& L @ e| ver %&%n
the ground seg SPLPRRCERRET % %tca? VRPN s‘f)?}l'ﬁraaﬁ iq

of user ter8i naFPMA3 birat apmbadapiod b6r suchmbiechatiqueswi th the satellites
12. The user termnals 13 include, by exanple, a plurality of different
types of fixed and nobile user 30 termnals including, but not limted

to, handhel d noBhee loxtieaxtdh cprhbs permity dew-movweraght Eixedppr| aokidd o-

tel ephones 15, RparnHeFRETAAIsd3 VE6 dorntdicite m& ftn@dsaaémltebemones
l4a. The user ter naI 13 ar%prfefera.bqﬁ/ WD 98/ 4
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bi di r ecti onal cembndiimahitorbf/l thdse imvertiomw/ tbaelgt eddi bes"Bént! pipe
noted that jphe flgedcadiy LeLeRlANGs chiRuMRYRTRERY (2ad 4l 2GLH0N (such

ant enna I's i5 ageous rn hat €5 a re
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further noted that t hé user yterm nal s 13 ma\t/) be dual

gnal to another frequency and, a_nd to then re-~transmit

the converted signal. That is, no on-board signal

15 processing of a received communications traffic signal

occurs, and the satellite 12 does not become aware of any

intelligence that a received or transmitted communications

traffic signal may be conveying.

Furthermore, there need be no direct communication link or
20 links between the satellites 12. That i_s, each of the

satellites 12 re'ceives a signal only from a transmitter

located in the user segment 2 or from a transmitter located

in the ground segment 3, and transmits a signal only to a

receiver located in the user segment 2 or to a receiver
25 located in the ground segment 3.

~ The user segment 2 may include a plurality of types of user
terminals 13 that are adapted for communication with the
satellites 12. The user terminals 13 include, by example,

a plurality of different types of fixed and mobile user

30 terminals including, but not limited to, handheld mobile
radio-telephones 14, vehicle mounted mobile radio-
telephones 15, paging/messaging-type devices 16, and fixed
radio-telephones l4a. The user terminals 13 are preferably



10 use devices that,  include circuitry for also communicating with a
terrestrial cellular system Referring also to Fig. 3A, the user termnals
13 may be wapmhbkpsof operating in a full duplex node and cOPOI/USISARE8SVI a,
by exanple, L-band RF Iinks (uplink or return [ink 15 17b) and S-band RF
l'inks (downlink or forward Iink 17a) through return and forward satellite
transponders 12a and 12b, respectively. The return L band RF |inks 17b may

operate withi npﬁo*fri&éaencwl’tﬁngeoﬁhﬂil@écaﬂbnhfl 1. Gdfrddiras 2 bapgwi dtfbrof
16.5 MHz, and are,nodulate g W t h ckeétze digital voice signal ﬁ
and/ or data sighdtEerhignb, & ﬂ}?ﬂ 7R bY%?er?% sPF eal®EBecPrunthe

t echni que. TheséabelhitleS band RF links 17a nmay operate within a frequency
range of 2.485 GHz to 2.5 GHz, a bandw dt h of 16.5 MHz. The forward RF

links 17a are also nodulated at a gateway 18 with 25 packetized digital
voi ce signal s Ehdisrneted thamihe ifixedcsadincteliephones dgrenayspupioym

techni que. sThealﬁﬁeMﬂaobmdvuﬁéhﬁ Hrﬁléorl\yar&d\bamﬁagéo@@r tllntlam@@l gt O

13 channels with u exanpl e, 128 .users being assSigned per channel.

The return |inRNAR eﬁaﬁb éﬁﬁpﬁﬁ °§0’J‘b&ﬁHﬁF§Fﬁ§nC noWLthi ancagéﬁqPépﬁlna
13 may or may QAtréasésinotivsl runbd¥ ey riserizthalt bhanbéhembanaﬁbo&s&ygned
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node on the return link (rece|V|ng fromtwo or nore satellites 12), the

user is assign ?Qefﬁ?EE ?‘éﬁ&%"ﬁﬂe ereﬁﬁﬁhﬁﬂhahgﬁ%ﬁahﬁbgbhﬁﬁuﬁﬂd

the sanme or or ent ~channe he return und segnent
3 |nclude§°at Pé&s@eUHEeﬁthQEnéPﬁFP?eachﬁPhFF¥yf6¥ Fﬁﬁ°g§9@ﬂ&?§°§$lﬂﬁat

comuni cat e wi {ithha gatekktieslldeylalabysgxstenle, a full duplex C band RF
~link 19 (forward link 19a (to the satellite), return link 19b (fromthe '
satellite)) that operates within a range of

Referring also to Fig. 3A, the user terminals 13 may be

capable of operating in a full duplex mode and communicate
via, by example, L-band RF links (uplink or return link

15 '17b) and S-band RF links (downlink or forward link 17a)
through return and forward satellite transponders 12a and
12b, respéctively. The return L band RF links 17b may
operate within a frequency range of 1.61 GHz to 1.625 GHz,
a bandwidth of 16.5 MHz, and are modulated with packetized

20 digital voice signals and/or data Signals in accordance
with the preferred spread spectrum technique. The forward
S band RF links 17a may operate within a frequency range of
2.485 GHz to 2.5 GHz, a bandwidth of 16.5 MHz. The forward
RF links 17a are also modulated at a gateway 18 with

25 packetized digital voice signals and/or data signals in
accordance with the spread spectrum technique.

The 16.5 MHz bandwidth of the forward link is partitioned
into 13 channels with up to, by example, 128 users being
assigned per channel. The return link may have various
30 bandwidths, and a given user terminal 13 may or may not be
assigned a different channel than the channel assigned on
the forward link. However, when operating in the diversity



10 frequenci es generally above 3 Giz and preferably in the C band. The
C-band RF links bi-directionally convey the conmunication feeder |inks, and
al so convey fbldst € commands to the satellites and tel emetpgrisismrsest i on
fromthe satellites. The forward feeder link 19a nmay operate in 15 t he
band of 5 GHz to 5.25 GHz, while the returngfeeder link 19b may operate in
the band of 6.875 GHz to 7.075 GHz. The satellite feeder |ink antennas 12g

and 12h are pre | BIERS t ( | h
coverage area a?&%@#ﬁﬁo%ﬁﬁ@Eﬁaﬁl Ite ]i%ml &fggé%?ﬂg g?gis“renﬁﬁf%t

preferred enbodmexs: satelpdtesndhr cBbe isey st AsHigNRA Fhe Sang foregd
froma given LEQha@anell i #6r 12achssof thel Odete]l teyaandn €hgl eanid 06t e

earth's surface),,i.s approximately 107[err]. This.xields a coverage zone
that is approxi M?ﬁfe%&ﬁwgg ifl%’rdi[tg‘ﬁe%gfiurﬁﬁnihe L-band and the
S-band antennas are nultiple beam antennas that provide coverage within an

associ ated ILrr gglr Ig?:louﬁﬁr ¥E§'§F5€ggfenci_ﬁ8e}s'§én€meﬁg oh Pt %rféi;&:.ﬁylzﬂ

and 12c, respectively, are era congr uent one anot :
depicted in Fi gpla3walify o% thee qat@ways 139 thafd sewminicakan¥ithokhehe

[ERCora] S ot ORI Sangiay YRS ¢ ld Suptihl0'Stpd e 1o
eature is not critjical to the operation e.s :
PCT/ US98/ 02888 A§ Afoxyard iink 128 ofte %‘c’au%ﬁﬁﬁaggduﬁﬁ&%m link 19%.
communi cat i ons nEBroiC Cthet Fatedl ite)i)vethate afferddtessawvithihesa 12ange of
accordance \wth f . of , ot 0 |t 1?’5% \Y
each conve)}\q he %zfr@%&’?’nﬁ%nﬁga%%gé ? Qﬂbégmge#ig é?%ﬁﬁgg#g%ié# nﬁm ?and
one of the gatewmrel.18. Thei £thand oRFoddnksi dnli-dsrertionably i fon¥eyi |the
bel ow, thus pf@\ediﬁn'in{iga@dfﬁr%bbaeeor@mkag dnd NQ1EBSPESHVIS TRAKIMEI e
| eading to an increased resistance tqQ fading and facilitati n% he,
i npl enent ati on sompangts 49, e satellites and telemetry information from
the satellites. The forward feeder link 19a may operate in
15 the band of 5 GHz to 5.25 GHz, while the return feeder link

19b may operate in the band of 6.875 GHz to 7.075 GHz.

The satellite feeder 1link antennas 12g and 12h are
preferably wide coverage antennas that subtend a maximum
earth coverage area as seen from the LEO satellite 12. In

20 the presently preferred embodiment of the communication
system 10 the angle subtended from a given LEO satellite 12
(assuming 10° elevation angles from the earth's surface) is
approximately 107°. This yields a coverage zone that is
approximately 3600 miles in diameter.

25 The L-band and the S-band antennas are multiple beam
antennas that provide coverage within an associated
terrestrial service region. The L-band and S-band antennas
124 and 12c¢, respectively, are preferably congruent with
one another, as depicted in Fig. 3B. That is, the transmit

30 and receive beams from the spacecraft cover the same area
on the earth's surface, although this feature is not
critical to the operation of the system 10.



10 procedure. It is pointed out that all of the frequencies, bandw dths
and the |like that are described herein are representative of but one
particul ar waysd/£2m3 O her frequenci es and bands of frequenci periys/desg/sed
wi th no change in the principles 15 bei ng di scussed. As but one exanpl e,
the feeder links between the gateways andqghhe satellites may use
frequencies in a band other than the C band (approximately 3 GHz to

b appr oxi et L e e L L A oy
0 approxi mate or a an ove approximately :
The gat eways l%a/Y uREFREN t?‘(’f"blgg‘pl% ?h%e’eoﬁﬁﬁnicggﬁ%ﬁsgggﬁl&&a‘eﬁr 12. In
transponders l2ecendari®d ¢itlh. a3fepatureheofatied | system210) tHwod el nebaene

i nfrastructure, 4. e an d 1 inc apn_L:band
receive 25 asn%g%%{ﬁ sc, ]g]blé‘%g tlég%gmé{ an en?n:g%lZé,Qmé- b%%hg’ﬁ%%a%?tlon
anplifier 32e between aogiviensusenpterminal2i3 enghmheamrthe gagewaysi2h,

L band to C bajgl, ffepsonsde CONVEE&EH0 SIEC AP Nadsdr i b&{)é d
frequency conver si on secti%n 12&.5 JThe satelli te_lzéla soﬁi’nc u%iéis) Ee?rggf er

30  frequencytReRePEPYLAeSK f9%y HiRRFE R nEORRIBARY fte e nEREPESEiVe
Reference in theseiwges Iendiales toben hixicteased. rfHiHENdY £o5 £4d2n§4dnaby

E. Hrshfield . Jsao, .entit,l "Nohi l.e V0. 98/42143
PCT/ US98/ 02888]?%(111%)%5%?@& £h3. éﬁ%‘ﬁ“ﬁ"‘g‘aﬁdﬁ%ad"f whi cBfits 1 Bardogfe
type of cbdmurpreceduresatellite payload that is suitable for use with the
teaching of this invention. The tel ephone infrastructure segnent 4 is ,
conprised of 5 exjisting tel ephone systens and includes Public Land Mobile
Net wor k (PLM\)THat@vR9inted owkdfhateiabhft e nbre@aencies asbandvédths
public tel ephosrd NER&OI kKe (TR ar® désokved | wepéih chLoNpPaSra8ENtERive
provi ders, dorrgE tk'n‘i\’t lc?rpeq p%t'r'sctiacrﬁ&ear system. Other frequencies and bands
of frequencies may be used with no change in the principles
15 being discussed. As but one example, the feeder 1links
between the gateways and the satellites may use frequencies
in a band other than the C-band (approximately 3 GHz to
approximately 7 GHz), for example the Ku band
(approximately 10 GHz to approximately 15 GHz) or the Ka
20 band (above approximately 15 GHz).

The gateways 18 function to couple the communications
payload or transponders 12a and 12b (Fig. 3A) of the
satellites 12 to the telephone infrastructure segment 4.
The transponders 1l2a land 12b include an L-band receive

25 antenna 1l2c¢, S-band transmit antenna 124, C-band power
amplifier 12e, C-band low noise amplifier 12f, -c—band
antennas 12g and 12h, L band to C band frequency conversion
section 12i, and C band to S band frequency conversion
section 12j. The satellite 12 also includes a master

30 frequency generator 12k and command and telemetry equipment
121.

Reference in this regard may also be had to U.S. Patent No.
5,422,647, by E. Hirshfield and C.A. Tsao, entitled "Mobile



networ ks 24, international networks 26, private networks 28 10 and ot her
RPTNs 30. The communi cati on system 10 operates to provide bidirectional

voi ce and/ avodsszidEonmuni cati on between the user segnment 2 aal/dkbl2sss
Swi t ched Tel ephone Network (PSTN) tel ephones 32 and non-PSTN tel ephones 32
of the tel ephone infrastructure segnent 4, jar ot her user 15 term nal s of
vari ous types, which nmay be private networks. Also shown in Fig. 1, as a

portion of the Commmissyions shtdld ixzeSpagllbage, Gmi@mldmfcl@g&sr @neCegper

(SOoCcCo) 36, and (

communi cat i on pgf %8%9%%3%% gegaggggﬁ'geNgg&ggﬁd mgﬁ s%‘élﬁﬁlezf°r20
is provided foru$Qt%ltbnﬁ@%ttquhimgg@fehbys i@vgmdlﬂﬁlb 18a, SOCC 36 and
GOCC 38 of the ground segnent 3. This portion of the conmuni cations system
10 provides overall s sLen1con1roI functions. Fig. 2 shows one of the
gateways 18 i n Geeatelepbone . %F%lc WER cRegnent | igesamprisedupt
du?l pol Srlsatleiazﬁlﬁi;wab 5 \eistiEines add qa&nuu&sngusldbstlaﬁatﬁaﬁiléo
antenna driver a noi.se _re ower
anplifiers 46. éf?w% (ﬁﬁ%ﬁﬂﬂ% y 1053 Pogﬁh BﬁFFhFﬁcgan&gnﬁg
structure to pr@S|degenna10pnbmnaltémephpnet@etmumkSTmaaynwaw d8 btheper
i ncl udes down Cfaagit@éfeﬁﬁb@%ﬁ@%?&%%%gﬁf&@iéeég,f&%mégefgsfbﬂa bPEtance

received and transmtted i ) ]
PCT/ US98/ 02888 netywerks 34 cintegnationadspetverks 26 Tixrivake netwerks: 2848

and the up1§ONVghd S5End® FETHSC 801)€PHE Codifinign fERMA Sry yitsin TP dpWiatlas tB
turn, is coupled to he %g?]lc Swi t ched Tel ephone Networ k (PSTﬁ) t houg

PSTN i nterf ace B9V reghinpl | yoisernangdry b@aﬁ?paggﬁﬁuﬁycé§ﬂﬁ§
satel lite-to- shéewéenethenhserThegﬁBM& lamy bl £ Switclied Pelbphohe

summer /swi tch uplt 528, (Bediy WEDepHHEE 2 SnaSHBRLBEHY £STSbn2ARs 32518
the telephone infrastructure segment 4, or other user
15 terminals of various types, which may be private networks.

Also shown in Fig. 1, as a portion of the ground segment 3,
is a satellite Operations Control Center (SOCC) 36, and a
Ground Operations Control Center (GOCC) 38. A communication
path, which includes a Data Network (DN) 39 (see Fig. 2),

20 is provided for interconnecting the gateways 18 and TCUs
18a, SOCC 36 and GOCC 38 of the ground segment 3. This
portion of the communications system 10 provides overall
system control functions.

Fig. 2 shows one of the gateways 18 in greater detail. Each
25 gateway 18 includes up to four dual polarization RF C-band

sub-systems each comprising a dish antenna 40, antenna

driver 42 and pedestal 42a, low noise receivers 44, and

high power amplifiers 46. All of these components may be

located within a radome structure to provide environmental
30 protection.

The gateway 18 further includes down converters 48 and up
converters 50 for processing the received and transmitted



Controller 52c, a CDVA |nterconnect Subsystem (CI'S) 52d, 10 and a
Sel ector Bank Subsystem (SBS) 52e. The CDVA sub- system 52 is controlled by

a Base Staybegidpager (BSM 52f and functions in a manner pgmisosnss® a
CDMA- conpati bl e (for exanple, an |1S-95 conpati bl e) base station. The CDVA

sub- system 52 al so includes the requiredjrequency synthesizer 15 529
and a d obal Positioning System (GPS) recelver 52h. The PSTN interface 54

includes a PSHY SaiMmidr %\ié&i&?p!ﬁésf;&@l?ivéﬂg. @healdowr0 Hdrile M e SEHT
(CCP) 54b, a Visjtor Location Register z(VLR 4c, and a.é)rotoc | interface
$ad 1o a Home Ak &R HBLGORETEESFRI 39 1R SRPRCREST BE A (EDA PR STEEER o

cel lul ar gatevwer®y ®WRi€hi, g.irl) tatn,opis ocaupled ntodhehHeSTRubbier fsxeirt&ded The
gateway 18 is cted e [ ' stapdard

i nterface rraderf?thgb?ﬁ%%e thtlﬂneg.""tggll!S gggmﬁlhgﬁ%g e\/\g?% lé‘?‘(%ﬁryc#e%%ﬁq‘i’ntgrgf e,
and conneds taptianP3Ihe PSTN \dould ihenbypased hyerusing (sat9llitevedrer

sui tabl e neansg tlg@ eVkel8 is further capable of providing a direct
connection to aaIVb ﬁkgéSWltchi ng Center (MSC). The gateway 18 provides SS-7
| SDN fi xed signalling to the CCP 54b. On the gateway-side of this

interface, therH&lopbsdb-epbeehasesintividdia Eignaldsamdepgswettn ahet COVA

sub- system 5 The 54h praovides protocol, fransl at,i f tions t he
system Air Int Gracd Se,w%ﬁi @ﬁaﬂﬁgegger %%%455%2) %' a é{?é
PCT/ US98/ 02888&cditcnXiiemr52¢ o at @BMA| Ingérconnectmsudsystamd (CX8) DA
conmuni caj A on | gc iyd [ rfcap/ beiyeen
t he gat e\?\i/a?/ 1§aréﬁd9anlé§g’>%t%§r° %glcha?lgfil gﬁggﬁtég%ﬁe‘pﬁﬁ\(?)qgst%? k@égt hat 1 Sg&g\e
conpatible, fAYEemA% iswrentratled by 3 §ase SkaticpaMaagryalBSMAESS or
t Ee GSM _(wa ORGRY Hﬁxﬁt}fﬁ.@r& iw_)msﬁhéﬁlﬁmﬂe&th b _aaﬁﬂmi-eoﬂgmétiﬁiﬂéa(foio
the specified petfofl Tor Rl Gl ORRISy ML daetser mibOcBhESun-

system 52 also includes the required frequency synthesizer

15 52g and a Global Positioning System (GPS) receiver 52h.

The PSTN interface 54 includes a PSTN Service Switch Point
(SSP) 54a, a Call Control Processor (CCP) 54b, a Visitor
Location Register (VLR) 54c¢c, and a protocol interface 54d
to a Home Location Register (HLR). The HLR may be located

- 20 in the cellular gateway 20 (Fig. 1) or, optionally, in the
PSTN interface 54.

The gateway 18 is connected to telecommunication networks
‘through a standard interface made through the SSP 54a. The
gateway 18 provides an interface, and connects to the PSTN

25 via Primary Rate Interface (PRI), or other suitable means.
The gateway 18 is further capable of providing a direct
connection to a Mobile Switching Center (MSC).

The gateway 18 provides SS-7 ISDN fixed signalling to the
CCP 54b. On the gateway~side of this interface, the CCP 54b
30 interfaces with the CIS 52d and hence to the CDMA sub-
system 52. The CCP 54b provides protocol translation
functions for the system Air Interface (AI), which may be



calls outside of their home system The gateway 18 supports 10 user

term nal authentication for system 10/ AMPS phones and for systen110/GSM
phones. |n @gydgiefy3ar eas where there is no existing tel econmp@ifgs
infrastructure, an HLR can be added to the gateway 18 and inter ace mnth
the SS-7 signalling interface. 15 A user yaking a call out of the user's
normal service area (a roaner) is acconnndgted by the system 10 if

aut hori zed. In ro r % b d i env er

enpl oy the sarreg?gﬁnaﬁal a%%w pment e]t:%%rfgx;kelglt%g fr%%ggﬁg%er ?ﬁl tﬁfﬁl\és
worl d, and the REBBYBAFCAtAPBEecol 20 conversions are nmade transparently
by the gatemay 18. The protocol interface 54d is bypassed when not required

to convert | e 0.A ils.within.the scope of the teaching
of this |nvent|§§gggs Pégsg%E 5 gpﬁegfﬁaéiznPVBV%gF PﬁtéPESESaFS priween
cellular 25 gahemggteﬂay 1 X:] addlanoexternalluemlamarotenbphaﬁavﬁﬁth@&ﬁ

"A" interfage s fig r

vendor - prop§| et §§§t| rﬁ%cejr%g%%@ﬁfg %%r ‘@bﬁaﬁ@ SVl tc %ﬁg% 1%? 341 (North
further within ﬁﬂérééépesﬁﬁﬂﬂﬂnﬁnrﬁﬂﬁﬁhoﬂrt§hpn&ﬁﬁkﬂEmropeenfstandamﬂctIy
to the PSTN, asmhpgli 6aledl2P syéfbﬂfé Qané— %% PagtSici@r P tiles bg@@:&qed

PSTN-INT. It is a%ﬁo wi thin thq%i e of thisS invent] on to provi oné
more gat eways tREFRGAS %a;(ﬁﬁﬂ 8a§ﬁ§scmqnﬂEu1§ysﬁéﬂ§ﬁuﬁ%@ piaRe
WO 98/ 42143 calls outside of their home system. THI/dd¥ /32338 s ?> po¥esal |

| b d
It ot face SRy ubErLEaKhERd MaliEnoRt i T KYjd s b dNER, oihes ancace
56b to a Servi c€opr gystem B/ESM| plieness I8PSEYvioe EheagaWHaug Ehere is
control ler 56 i fogeResdihy tEl@éEﬂﬂﬁﬁ%&E’l&ﬁ { BReoaberaxehiial NARUANR! UG BSM
with each o

52f and through RF caontrofllers assocl ate ) ant ennas
The gat eway be added to the gateway 18 and interfaced with the Ss- 7

signalling interface.

15 A user making a call out of the user's normal service area
(a roamer) is accommodated by the system 10 if authorized.
In that a roamer may be found in any environment, a user
may employ the same terminal equipment to make a call from
anywhere in the world, and the necessary protocol

20 conversions are made transparently by the gateway 18. The
protocol interface 54d is bypassed when not required to
convert, by example, GSM to AMPS.

It is within the scope of the teaching of this invention to
provide a dedicated, universal interface to the cellular

25 gateways 20, in addition to or in place of the conventional
"A" interface specified for GSM mobile switching centers
and vendor-proprietary interfaces to IS-41 mobile switching
centers. It is further within the scope of this invention
to provide an interface directly to the PSTN, as indicated

30 in Fig. 1 as the signal path designated PSTN-INT. It is
also within the scope of this invention to provide one or
more gateways that are not connected to any cellular system
and/or PSTN.



controller 56 is further coupled to a database 62, such as a database of
users, satellite epheneris data, etc., and to 10 an /O unit 64 that

enabl es sekyd 684208 sonnel to gain access to the gat eway conpe&piisoNioaés The
DN 39 is also |d| rectionally interfaced to a Tel emetry and Command (T&C)
unit 66 (Fig. 1). 15 The function of th GOCC 38 is to plan and control
satellite uti Iization by the gateways 18, 4nd to coordinate this

utilization w Ghrpay! "cORELOE ,lgheggsgggéé 2pg! vefa tgseeagguch

generates traf |c plfan otates satellite S st m resources
as, but not |ifPnsEoder $6 whimndncludes éﬁahﬁE#rfEFPo%%R itth&he abpygrt or s

t{lel perzormnCﬂfah%hadomatal Nte%w&&km(b&)t@m? hdrﬁﬁ% ﬁﬂ'éétii‘f&ééESQGBFE? a
utrtrzatron 1 nstrugti o (0] e nrea I e or
i n advance. %’ fc?ﬁ’e‘f%tresg?gyﬁﬁf nFﬁnﬁ%d?%‘ﬁ&o?% he gpteyay

relay satebli teontagelenfss niest metnaltllyezlgae:m;méctedrrputtn@ gahmn@CGISSB

via the GDN 3981&?8‘3 ni L tB Movg §II i‘gnckhggh ﬁgnégggll Ege %é -

i ncluding the € sa eII| & bafteries o se £5F t
si gnal paths mpslspmabedsawetnu eachy ofo thswgt@maﬁumeat émetgasaway

orientation wi I:ant%aﬁe& se iEefﬁyeﬁéfec&ipi&f @@ré laatabaaddigh O@urc?l aher

functions. As describ bove, each gatewa functions to connect gl ven

user to the PS?I\PFB?bﬁﬁFl”Pgﬂ’cﬁ%q'l &8, e@-&ﬁ-&@ ﬁHBPBPrﬂlﬁt%a'E%mﬁﬁﬁtaﬁ%éwand
al so to geoer abg dotar, unit g athat enabledd/d@dvBce personnel to gain

PCT/ US98/ 02888 _15 62 (FIi ) 1 r RO S 18
i ncl ude a Tel eREERFSand? %%‘%aﬂag%ﬁ"‘? g?&%%%zf%‘ (Sﬁére?gl Vi h‘ec% %grevv? %at a
that is transnbtitidedeygionaldyt thterfaced twer Tehemetryrand mmm_agtd {A&dor

transmtting 5 nitOEERN §Qgup1§Q the satellites 12 via the forward |ink 19a.
The DN 39 operat es to |nt gucotr)mect t he gateways 18, GOCC 38

15 The function of the GOCC 38 is to plan and control
satellite utilization by the gateways 18, and to coordinate
this utilization with the SOCC 36. In general, the GOCC 38
analyses trends, generates traffic plans, allocates
satellite 12 and system resources (such as, but not limited

20 to, power and channel allocations), monitors the
performance of the overall system 10, and issues system
resources utilization instructions, via the DN 39, to the
gateways 18 in real time or in advance.

The SOCC 36 operates to maintain and monitor orbits, to

25 relay satellite usage information to the gateway for input
to the GOCC 38 via the GDN 39, to monitor the overall
functioning of each satellite 12, including the state of
the satellite batteries, to set the gain for the RF signal
paths within the satellite 12, to ensure optimum satellite

30 orientation with respect to the surface of the earth, in
addition to other functions.

As described above, each gateway 18 functions to connect a
given user to the PSTN for both signalling, voice and/or
data communications and also to generate data, via database



and the SOCC 36. The DN 39 can be inplenented as a terrestrial-only data
network using wires and/or optical fiber. It is also wthin 10 t he scope

of this i nweobs/eri43 0 i nplenent all or a portion of the DN 39caasdspiseg! €SS
link that interconnects the GM 18, and al so possibly the GOCC 38 and SOCC

36, through the constellation of satelliteggl2. In this regard reference
can be had to Fig. 4A, wherein a plurality of gateways 18 15 are

i nt er connect ed g2 (R, SPpEefbes ®d1RAing erpdeds Cosyt¥ctie gRewdYys Vid
satellites 12, ég%; otge Spefls |ntgrc nnectgd vig a terrestrial data
metvork. In thieae’ fo AR18meREY, 459, SORRERd IRl DY Waarker
transponder or reseisdngl selemEtirgnddéatpl i thatt 0iS- berah&fi ttédowwy i e
transponder. F i r 2 - n - raffic
channel s can bg&é g%é%%%&?o?gggﬁgggsﬁﬁ%?ﬁglgﬂké§?gaﬁﬁégﬁg§é%§géﬁﬁ€%ﬂP%ne
provi ded wi% h Semmands uppirdthaosatebhitesahdnyia crheyfprward leknki¥Qas t s
and _antenna(s) e sHessl ypbyates BRI nterdiriddiCtRE gadBuagd 18e GEE .

|

In Fig. 4Athe s L1t may all be non-geosynchionous™ or
satellites, VWHQé?;%¥qﬁ%§%qiésat | east one of the satellites 12' can be a

geosynchronous orbit satellite. It should be realized that all of the DN 39

can be 30 [ ega US| h M I pk or _only.a rti

t hereof. It sﬂgﬁﬁgqﬁﬁrg%eraﬂgb%egﬁgﬁgﬂéﬁﬁh&faé %ﬁ?&F&?Egﬁﬁgﬂrﬁﬁgybéﬁﬂﬁb
used in conj undetaerk usingewives and/ey aphical Mident.oItpisvalso within
redundancyip andhd &ddpe ‘0¥ HHARCANvANSIRA S Snp1 rfirit@id] 1t WiES, %of?f&?ges

and/ or status 98/42143 ) )
PCT/ US98/ 02888 %\ggﬁr OFndPi BR RMERIRIMVERE Ehatoidirenronngets tthelGitrmt a
networ’k, whil e 1#,hand pies pbssibIggtheaBOCOr 38t HidSOCE FERHHIERD tife
o ey e N Pt MRl o Ve A LS. B RSE YeGard rferbnce
can be had to Fig. 4A, wherein a plurality of gateways 18
15 are interconnected through space-based RF links that convey
the DN 39 via satellites 12, while others are
interconnected via a terrestrial data network. In this case
the satellites 12 can include a C-band to C-band
transponder or, by example, a C-band (uplink) to S-band
20 (downlink) transponder. For this latter case one or more L-
band and S-band traffic channels can be allocated for
conveying the DN 39, and the GWs 18 then are provided with
suitable L-band and S-band transmitter and receiver
circuits and antenna(s), respectively, as may be the GOCC
25 38 and the SOCC 36. In Fig. 4A the satellites 12 may all be
| non-geosynchronous orbit satellites, while in Fig. 4B at
least one of the satellites 12' can be a geosynchronous
orbit satellite.

It should be realized that all of the DN 39 can be
30 implemented using the wireless RF links, or only a portion
thereof. It should further be realized that the wireless RF
links can be used in conjunction with the terrestrial data
links to provide redundancy and fault tolerance.
Alternatively, certain types of messages and/or status



5 links may enpl oy, by exanple, ground-based m crowave |inks and 'repeaters,
and need not be routed specifically through the satellites. Also, it is

w thin the weogmmes this invention to enploy one or nore satﬁﬂ,ﬁstg%zs?%her
than the constellation of comunication satellites 12 for conveying

the DN 39. By exanple, and as was shown i I g. 4B, one or nore Medium
Earth Orbit and/or geosynchronous satellit'es can be enployed for providing

full earth COVShQB@mQQ&ohh%aQNb%g-cdrﬂr_éifé&sr@l{roﬁ}? he et ﬁékgggtﬁaﬁf f%Qt%OLEO

constel l ation. 15 oger ates.to relay information fromt eways
the users (C bBREYPTKnarthilek ofdhert o t¥PEENdOf o MRFIRISH K aldor astatas

rel ay infornat infotmatibhe canebe T&ﬁd@@ttﬁ%@iﬂ&l{é WARE1 685 URR ity 17D
to C band ret urn

i 1 This_info tion includes SS-CDVA,
synchroni zat i off, tlﬁggﬁhgggf)%hﬁﬁmorgmgégﬂ hafnBPET1PH diFPPo_WltrSlﬁ&\ﬁelRF
control si§nal $inksrhaysempigy pibwtexanpieyl groandabasdd mistdwave 3 inks
described in f h | SEd eqeLl a i
al so communi cat‘q%g tf(%pgggﬁk%)f t &éwbeseedr ter rﬁéngfag%%g g??%?ﬁf# E%ig%t g&%f?ufg
via the satel | Ehgs spteliljtesshe Adgpee| 4% eds wWithdinsothe uscopen of thdlsay

si gnal I'i ng i nf ghwehteenf t6nemptolisehet 85 MmBRESsdBeiPith8 BRhEYAYhAR the
I ncl udi ng acce chan r equest.s, d registration

SS T sts, _power e an )
requests. The S&Pﬁ?gﬁaﬁliﬁ %fﬁ%w@f & fatglldtes deaforeonvey inge
users andlfhe theeDMy39 3(By d:xamplwel, remd aplwass @hiown M n ¢ig.t 483t @ne or

unaut hori zed u I , | C hat is transmtted t he
gat eway 18 mayﬁgget ?‘gﬁgﬁﬂt %%%21 Fqllhbg'tts a%g&])p%}we e?%?syrgnﬂ?ﬁhl??%ﬁ&%?:es
level, or a | of@p Bewewpleyed faunpravidingrfulinedrthTheverageafpirl dthe
channel on eacpyFBYA channel WO 98/ 42143

PCT/ US98/ 02888 17 within each beam Al pilots are derived froma common PN
seed code synchronized to GPS System Ti ne. Each gateway 18

In general, each satellite 12 of the LEO constellation
15 operates to relay information from the gateways 18 to the
users (C-band forward link 19a to S-band forward link 17a),
and to relay information from the users to the gateways 18
(L band return link 17b to C band return link 19b). This
information includes SS-CDMA synchronization, paging and
20 access channels, in addition to power control signals.
Various CDMA pilot channels may also be used as is
described in further detail below. Satellite ephemeris
update data is also communicated to each of the user
terminals 13, from the gateway 18, via the satellites 12.
25 The satellites 12 also function to relay signalling
information from the user terminals 13 to the gateway 18,
including access requests,' power change requests, and
registration requests. The satellites 12 also relay
communication signals between the users and the gateways
30 18, and may apply security to mitigate unauthorized use.

If used, each pilot channel that is transmitted by the
gateway 18 may be transmitted at the same power level, a
higher power level, or a lower power level than the other
signals. There is a pilot channel on each FDMA channel



applies a tine offset to create a PN code with a different phase offset.
The tinme offset is used by the user termnal 5 13 to determ ne which

gatevay i sygansidstting the pilot. The pilot enables a userptrpusdsnabssl3 to
acquire the timng of the forward CDVMA channel, provides a phase reference

for coherent denodul ation, and provides a 1ngschani smto perform signal
strength conparisons to determ' ne when to Initiate 10 handoff. The use of

the pil ot Cha“ﬁ‘i‘kmﬁ 88tn Be&ﬁvegnngmajaterureaaér%aer fireahai eoamonaNDe
enpl oyed for t

| S _pur pos I.n operation, tellites 12 tran
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to the SOCC 36ﬁ'h3 S&%g%t g},gﬂ’fé Ya d3d &y NBYrmtn 1 qf%@%@i@?%@ﬁlnqr he

forwarded to t ater time, typicgally upon SOCC request

tel emetry dat aOfMthﬁmﬁ%@m shannedqdi RFEV}Ags aiphase Linf F&R.y
forwarded, canchpes@nt aéﬁbdhh!ﬁtli)bln39aﬁd PPoviQés ke imeBIenfias te it fivaeket

message containi,n Si n nor tel.enetry franme. Should nore tha e
SO 36 be profiahay SrTenBtR. comppeieens, fo SRTREmIse R £ dRHIARE
of the SOXGs. ]ilaadS@@C 3ﬂ1é1aaseew€r etthe' npilétc ehmmeili cis woth theweseeC 30
38. One inter %}@%%g& r gat r gig e <SOCC
36 provides or%‘gﬁ%latt%%r%g‘tlon o 38 és%lghﬁtahgﬁgégy%agat eway 18
can accuratel yparpegeyp to four satel lites that may be in view of the

gateway. This data includes data tables that are sufficient to allow the

WO 98/ 42143 In operation, the satellites 12 Pg/agss%%/tozags%%cle%raft

telemetry data that includes measurements of satellite

15 operational status. The telemetry stream from the
satellites, the commands from the SOCC 36, and the
communications feeder 1links 19 all share the C band
antennas 12g and 12h. For those gateways 18 that include a
TCU 18a the received satellite telemetry data may be

20 forwarded immediately to the SOCC 36, or the telemetry data
may be stored and subsequently forwarded to the SOCC 36 at
é later time, typically upon SOCC request. The telemetry
data, whether transmitted immediately or stored and
subsequently forwarded, can be sent over the DN 39 as

25 packet messages, each packet message containing a single
minor telemetry frame. Should more than one SOCC 36 be
providing satellite support, the telemetry data is routed
to all of the SOCCs.

The SOCC 36 has several interface functions with the Gocc
30 38. .One interface function is orbit position information,
wherein the SOCC 36 provides orbital information to the
GOCC 38 such that each gateway 18 can accurately track up
to four satellites that may be in view of the gateway. This
data includes data tables that are sufficient to allow the



gateways 18 to develop their own satellite contact lists, using known
algorithns. The SOCC 36 is not required to known the gateway tracking

schedul es. whwiifdd 18a searches the downlink tel emetry bandpefgsesiizgese! ¥
identifies the 5 satellite being tracked by each antenna prior to the

propagation of commands. Another interfacggfunction is satellite status
i nformation that is reported fromthe S 36 to the GOCC 38. The

satellite  sgatégays wfeanaéwrb twﬂ»u@@ﬁ sataﬂibtéoco tact lists,
satelllte/transppnder availabilit atter§ st at us,and E

i nf or mati on an@SiREoKPOWER: «?51991??- r alRe afPClatf | %FenPé'—I a‘f%‘lpl-li'?ﬁ‘t £0i ons
that woul d prerhovws the gttewdy aldadkingy mnieumey‘. gheatretl 1Ba deakehes

conmruni cat i ons_purposes. .15, -An i orta ect .of he $ st 10 i the
ise of 55 coveeP BENRIAEK SelTRSrTY. Rad 5580 un Yo, [4eRE ThigRaFhe
recei vers 8nd satehtiteerbaingri hahckedellwxer aadn' vant'ehyaccpcblm ngd sthe
enpl oyed to m#‘fgﬁgsa{:?gneggegg%gﬁd%adl ng as signals arrive at the user

termnals 13 o e“gateway 1 romrmltlple satellites over multiple
and different path |lengths. Rake receivers in the user termnals 13 and the
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A. Ames and enPrbll-tal?)Omfﬂmm!br apdvemc@ype;pa'eaa Splaxt geme@@bvunavyt i on
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performance in the_continuous diversity receptjon node - g
PCT/ US98/ 028880¥9all or a portion of & satellite 12 for communlcatlons

purposes.

15 An important aspect of the system 10 is the use of SS-CDMA
in conjunction with diversity combining at the gateway
receivers and at the user terminal receivers. Diversity
combining is employed to mitigate the effects of fading as
signals arrive at the user terminals 13 or the gateway 18

20 from multiple satellites over multiple and different path
lengths. Rake receivers in the user terminals 13 and the
gateways 18 are employed to receive and combine the signals
from multiple sources. As an example, a user terminal 13 or
the gateway 18 provides diversity combihing for the forward

25 link signals or the return 1link signals that are
simultaneously received from and transmitted through the
multiple beams of the satellites 12.

In this regard the disclosure of U.S. Patent No. 5,233,626,
issued August 3, 1993 to Stephen A. Ames and entitled

30 "Repeater Diversity Spread Spectrum Communication System",
is incorporated by reference herein in its entirety.

The performance in the continuous diversity reception mode



I's superior to that of receiving one signal through one satellite repeater,
and furthernore there is no break in comruni cations should one |ink be | ost
due to shaqpybglshi@s bl ockage fromtrees or other obstructi opgriysdsnedzaye an
5 adverse 1 nmpact on the received signal. The nultiple, directional,
antennas 40 of a given one of the gateways .38 are capabl e of transnttting
the forward link signal (gateway to user teérmnal) through di fferent beans
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delay. A synchronizing gSYNC) channel generates a data streamthat includes
the fol l ow ng | Bhermuitépleafiirpationaday antepnasaidnial img@iven eang of
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pilot identification and Wal sh code
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Each gateway 18 supports a transmitter power control
15 function to address slow fades, and also supports block

interleaving to address medium to fast fades. Power control

is implemented on both the forward and reverse links. The

response time of the power control function is adjusted to

accommodate for a worst case 30 msec satellite round trip
20 delay.

A synchronizing (SYNC) channel generates a data stream that
includes the following information: (a) time of day: (b)
transmitting gateway identification: (c) satellite
ephemeris; and (d) assigned paging channel. The paging

25 channel conveys several message types which include: (a) a
system parameter message; (b) an access parameter message;
and (c) a CDMA channel list message. The system parameter
message includes the configuration of the paging channel,
registration parameters, and parameters +to aid in

30 acquisition. The access parameters message includes the
configuration of the access channel and the access channel
data rate. The CDMA channel list message conveys, if used,
an associated pilot identification and walsh code



20 assignnent. The pagi ng channel also conveys a |list of neighboring
gateways and their pilot signals, as will be described in greater detai

bel ow. Thewasesegssschannel is enpl oyed by the user term nal pgriSesazsss
communi cate with the gateway 18 when the user terminal 13 is not using the
traffic channel. The access channel is usegdygfor short signaling nessage
exchanges such as call origination, responses to pages, and registration.

From t he accesaséiaiﬂ@nﬁ he'rﬂat Wnl;? ERERhEES a?l% desadegaloa 13skurgt

froma user term.n 13 that ues ccess access channel nessage is
embodi ed in a IBHF ?ﬁp cznic] egafftﬁ %X/ﬁe Q‘?%’r'aP?'iEFyséﬁﬁPﬂsanﬁﬁwtmdfl &e a.
The preanbl e i dladorikesdt irergrieatiers dedad IPed@de. Each user terminal 13 has
a unique long PN code generated by an 15 of fset into the common PN
generator polynomal. After receiving the access request, the gateway 18
sends a messag&hsh aaeessochannel; s mhwaﬁ\m&hadsmtaignml er®if of

‘the access g eql&ﬁmm%a%‘eslﬁfvm&ré Walteh 3039 mrﬁ éﬂéﬂ%ﬁ%er

the user termnal 13 to 20 establish a traffic anne

terminal 13 and% MPAARY the stFrEhiecharnalsi gFhe arsess chiannsk imd
begi n dupl ex camsadi ot i Qnerﬁs lsﬂgnhh&n@smeyﬁdje\/\béﬁéhdﬁtjé§a§haﬁ) azo0de{F) -

The return traf enerat i.n the termnal 13 by
convol utional | nyler%cﬁ%l g é”{sﬁ g:ﬁ 955 taﬁ'gi Ir&%s*rfzﬁ Uburce or the
user term nal vocoder. The data is then block interleaved at predet erm ned

i nterval s and Iﬁ&mhbeéc&esé %ﬂal mgfwlglétnt%g,raggﬁsargéégvggréﬂa d&hdom zer

to reduce correlation rence Ween re
traffic chdhnel® bunst Fxop |as utsI‘Pé'n"-??d%‘b’*c!‘atlo 13h &haty Fegaeshs mm ame

transmtted thrase@ssONCh@hneD’ edsages 53t nbdaaedl2ih0 & heof gt g&ﬁyanhﬁe

VO 98/ 42143 followed by a relatively small amounéusga/0 ges
preamble is the user terminal's long PN code. Each user
terminal 13 has a unique long PN code generated by an

15 offset into the common PN generator polynomial.

After receiving the access request, the gateway 18 sends a
message on the forward link paging channel acknowledging
receipt of the access request and assigning a Walsh code
and a frequency channel to the user terminal 13 to
20 establish a traffic channel. Both the user terminal 13 and |
the gateway 18 switch to the assigned channel element and
begin duplex communications using the assigned walsh
(spreading) code(s). '

The return traffic channel is genefated in the user
25 terminal 13 by convolutionally encoding the digital data
from the local data source or the user terminal vocoder.
The data is then block interleaved at predetermined
intervals and is applied to a 64-Ary modulator and a data
burst randomizer to reduce correlation, and thus
30 | interference, between return traffic channels. The data is
then added to the zero offset PN code and transmitted
through one or more of the satellites 12 to the gateway 18.



21 The gateway 18 processes the return link by using, by exanple, a Fast
Hadamard Transform (FHT) to denodul ate the 64-Ary WAl sh Code and provi de

t he denodulsas eglizidaf ormation to the diversity conbiner. 5 POT/USHSIO28801 NQ
has been a description of a presently preferred enbodi ment of the

communi cation system 10. A description is pgw nmade of presently preferred
enbodi nents of this invention. In a currently preferred enbodi nent the user
termnals 13 10 are capable of registering wi th and receiving service

f ly th atelli f t.h tellit t

or Ca tortestri afhE) SRERVEI 19 BORER=SRR (MY PRERER LRk ofie” ity 1By e
preferred over ehampleerafRustiHadamardegraMSﬁbmmn(Eﬂmenpb demodniatecthbul
in 15  obtaini 8'9 ﬁ V&&gsxﬁrégaé hen®'SE&¢1&d 1§1¥ t&&?no%ﬂfﬁw?%&ein%ﬂnﬁ'@}@ﬁ“

be autonmaticall erence I n I's regard can t 0 common
assi gned U. S. @ehbeA@pvece;tﬁncemhrnene/707 534, filed 9/4/96,
entitled "Automatic Satellite/ Terrestrial Mobile Term nal Roaning System

and 200 Method", by RA Wed n and MJ. Sites, incorporated
reference h2rei FBen $9EedRing e&? Ageﬁr&s 2ndesariptioni okl @ PF\'ESBF‘FM’

Z:?gag {ﬁeazsg?p?dﬂépfed dgmeﬂhnéﬁquemcethar&mmmnﬁ?ﬁdttbml yaheggagagrggbA
channel , there832£g}§€#8%n. qgggﬁgggaFg?gF%%g§@33r£E§ggF5%? 88%88&?5?F8n

whil e al so provofli tpia imvwestion.signal strength conparison to deternine
when to initiate a handoff. Miltiple pilots are transnitted by each
gateway 18, one in each FDVA channel illustrates three

exenpl ary servi &8 ﬁr€H§reP§$¥)PF&S@FEﬁdAFmQPQhBth thevhseraterminads| ddes

a GMA 18 t1bat areVéaph¥eld registering with and receiving service from
PCT/U898/0288§ g%ly the satellite system (single mode), or from the
satellite system or a terrestrial system (multi-mode). In

this latter case one system may be preferred over the other

for a first registration attempt. If unsuccessful in

15 obtaining service from the preferred system, the other

system can be automatically tried. Reference in this regard

can be had to commonly assigned U.S. Patent Application

S.N. 08/707,534, filed 9/4/96, entitled “automatic
Satellite/Terrestrial Mobile Terminal Roaming System and

20 Method", by R.A. Wiedeman and M.J. Sites, incorporated by

reference herein in its entirety.

As was indicated previously, the pilot signal is an
unmodulated direct sequence spread spectrum signal. The
pilot allows the user terminal 13 to acquire the timing of

25 the forward CDMA channel, thereby providing a phase
reference for coherent demodulation while also providing a
means for signal strength comparison to determine when to
initiate a handoff. Multiple pilots are transmitted by
each gateway 18, one in each FDMA channel.

30 Fig. 5 illustrates three exemplary service areas (SAs)
labeled A, B and C. Service area A includes a GW-A 18 that



serves SA Aand SAC, while SABis served by a GMB 18. Also illustrated
are three beans associated with satellites A, B and C, specifically outer
beans 15 anstob8umiszsatellites A and B, respectively, and i nmerrabs»siorsksof 5
satellite CC. A GMD 18 is |located outside the service areas SA-A, SA-B and
SA-C, but within the beam 1 of satellite CpA user termnal 13 is |ocated
within SA-A and is within all of the spot beans 15, 12 and 1 of satellites

A, tB gndtC respeevéyesx. Alnd Bh Ics m&u@?ﬂ lhslaltlé hee e Eﬁr@dG?LBl§8.
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exanpl e, the piodtthayspetcheamsr 18, gn2l ansed BF tduwrdilitted @ pbBaang c,
initial system §%)|£§$é€m’ ion and to provide 25 time, frequency, and
phase tracki ng. eren Ilots can be transmtted with the sanme code, but
with different code offsets, enabling then to be distinguished. If the UT

13 i's successf Ubei Ds 24GMhEA0AEE OhbBEYr FEMAN n lypa 0
Bl ock L, as descri b?ad below_If the UT 1 é!]:.30 ?Qégng%c%ggg#ag |§ gg‘géf‘% ng

the primary FOMBREhFWRNER ad® ¢EFeRa\An c diitdialdas s uapoyepedc keendhbions he
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cooperation with the gateway controller 56 of Fig. 2.
15
At Block A the user terminal (UT) 13 is turned on (a cold
start condition). The UT 13 accesses a previously stored
indication of a gateway number, such as the last-used
gateway, and the primary FDMA channel number for the
20 gateway. In many cases this gateway will be UT's home
gateway. At Block B the UT 13 tunes to the channel and
attempts to acquire the pilot for the primary FDMA channel.
By example, the pilot may be ca_lrrier signal used by the UT
13 to obtain initial system synchronization and to provide
25 time, frequency, and phase tracking. Different pilots can
be transmitted with the same code, but with different code
offsets, enabling then to be distinguished. If the UT 13
is successful in acquiring the primary FDMA channel,
control passes to Block L, as described below. If the UT 13
30 is unsuccessful in acquiring the primary FDMA channel (and
gateway) control passes to Block C where the UT 13 accesses
a stored list of channels and tunes to a predetermined
channel (e.g., channel 7 of, for example, 13 channels) that
is specified as a primary channel.
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exanple, if the test at Block B fails, the UT 13 may have been carried
across thew®ygd2iyzs or to another country, since the tinme ipcypasedeusss used.
In this case the UT 13 may not find its honme gateway 18 when it attenpts to
5 access the system 10. At Block D the UT 33 attenpts to acquire the pil ot

in the channel fromthe predeterm ned channel list. If the UT 13 is not
successful, cornyoéxmsﬁeﬁ ¥ Bhecleelal; tat selest Bnehhes C%@nq}wfié)%&g
list, and t hen back Bl ock C, If t he channel | i st has been exhausted

wi t hout gai ni nd*3¥Re et"o Saﬁﬁt"@%ay?cﬁﬁﬁ?rotl‘ DaSRNLTY B 82k BP wARPEhERe
initial systemeountry isimge dheddrinmed 4t ensi mageduséasumnﬁhibaéaéaethg 13

i s successful 0 €nPLE

channel |i st at%él ock #S%tDﬂ#‘ﬁe&G? Egm ﬁ%ﬁ?{gﬁ gg] Vﬂe{‘hé ?mpg§h5ﬂ in
turn access®s tafécﬁﬁctmmem ol@ain access to a satellite dat abase and
other information. This database facilitates the rapid acquisition of the
pilot for future The UT 13 than accesses the pagi ng channel (Bl ock

E). The 20 p%?gﬁ%?#a%q%m iy thattenmphs e arguike e seilokl in the
referred to as clemenel nfrom riHe rpradetsd gitted EHAREE P&t NOT £ hgnaehrt he UT

(B ock B A ool sRcBibHT e B & Kbk Batbrogelect,
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be descri bed be‘i“bvél BFawat, H‘?@@PHP@&@%&@e?%OFKeDHowbegatbhaylnitlahe

UT"s 30 home gpdeemVacquiditich tfodddiref§idatommisatadl rol passes to
Bllocks H, | and I[err] ere a gateway is selected (if one is available on

the gateway list) and an attenpt is made to acquire the sel ected gateway.
|f there are noAssumirmg tettewdnes U 1Bhds| satcessBulcknHacgabting Rapsest

back to in a channel from the predetermined channel list at Block

15 D, the UT 13 synchronizes to the pilot, then in turn

accesses the sync channel to gain access to a satellite

database and other information. This database facilitates

the rapid acquisition of the pilot for future calls. The

UT 13 than accesses the paging channel (Block E). The

- 20 operation acquiring these channels may be collectively

referred to as receiving a reference signal. From the

paging channel the UT 13 can obtain the list of gateways

and their respective pilot offsets (Block F). At Block G

the UT 13 determines if the UT'S home gateway is in the

25 list of gateways. If the UT's home gateway is in the

- gateway list, the UT 13 goes to the channel specified for

the home gateway and acquires the pilot in that channel,

and control passes to Block L, as will be described below,

so that the UT 13 can access the home gateway. If the UT's

30 home gateway is not in the list of gateways control passes

to Blocks H, I and I, where a gateway is selected (if one

is available on the gateway list) and an attempt is made to

acquire the selected gateway. If there are no further
gateways on the list at Block H, control passes back to
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C. Referring again to Fig. 5, the selected gateway 18 may not serve the

area in whiwbdghgapser termnal 13 is |ocated. By exanple, tdrernSoshdssss
shown as being located within the SA- 5 A and should be assigned to the
gateway A. However, the UT 13 nmay be receiwygng the pilot signal in a
particul ar channel of the gateway D through the inner beam 1 of satellite
C. Although theBldck3chave al so be receiving pilots from gateways A and B,
the gateway D is selected 10 because of the higher signal strength of its
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of active users, e.a request to Lnitiate -a ca

call can be mad®¥ et??‘l"@'{s? Fhsngagevans s pilatisignal el%&h%ﬁﬁ#@é:t thas the
systems that BEusenr'BemIﬁwrtmw’a@ hbeegﬁbed@qusilﬁe -;dthtI%Sghl‘&%vB§THa9fbé f
private networ ser terpginal 13 within the service afea o
t he gateway 18, s%$£?%g%a€g%?§e?gd%9m% ?% thiteRiqn. deS|gnates

Assuming that this is the first pass through the
15 acquisition procedure, control passes through Block J to
Block K to determine if the selected gateway is also the
initial gateway that was acquired at Blocks D and E. If
yes, control passes to Block M where the UT 13 sends an
access request on the specified access channel. If the
20 selected gateway is not the initially selected gateway at
Block K, then control passes instead to Block L where the
UT 13 acquires the sync and paging channels of the selected
gateway, and thus determines the access channel parameters.
Control then passes to Block M to send an access request on
25 the access channel to the selected gateway. The access
request may be, by example, a request to log-in the UT 13
into the database of active users, or may be a request to
initiate a call, or may be both. A call can be made either
to one of the terrestrial telecommunicatiohs systems that
30 are connected to the gateway 18, such as the PSTN or a
private network, or to another user terminal 13 within the
service area of the gateway 18, or to any other device that
the UT 13 designates.
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Bl ock N the selected gateway, for exanple the gateway D of Fig. 5, receives
t he accesswpeguge@s fromthe UT 13. In this enbodi nent of thecTwsssnesssn t he
sel ected gateway 18 perfornms a position |ocation on the UT 13 using any of

5 vari ous position determ ni ng t ecg¥i ques such as nultilateral

time nmeasurenents, reception of UT 13 GPS information, or other neans. At

Bl ock P the sehecmdcnanetm é&m@& @awﬁmfwlmmﬁwaﬂ;@ dteasly Inn
part on the posMkon | Qcat i

er;:gl to acce| t or ect é_'&]he ;{r&#o
Ot her accept/r8FeftYer t'errFﬁea'Xﬁs § BECTEET guSSt v
roam ng agr eentht:.se)&n&icdlmem: tdfe they vimweent Don dbheoéelhetadeg‘aseiwaye 18
' d; I I
03 Te i hent | PATEGEnE. 4 POSEERMRT10EARIER REEE b9 TP Mgihd"EhG e T
aut hent i caed, verdous 13pesikdead tgeggmmrxs VLRegshaigueg 2pueh anas

active user at pyiiied 1924y it ﬁ@hsﬁ%&ﬁéﬁtbo Boidptiohese e 9§t @W
notifies the Ul 13 of gcceptance and, a cal equest was sent, cq:

.
cal | setup. At B GG'R‘aGLPP?e ooF eRiPeket @Fﬁ’f’ﬁes IM" s P3 Hhe sele
initiated a calgatewaycit. makedla detErmilngtdsnr,sbased atkldast bmipdris on

t andb t at t | h t
Feoei vad. and SPenpRBitiom 16arigh] fhlestidr B RColpt S Byt ur
channel s t1® t haswo;nerrmqam/n‘egeqﬂ t¢riterimdcan ahSQr ber mdat(eBIgJok Y.
At 25  Block z:hte%e‘i'abk' hSE”b”f‘é&ﬁm&"é’gf@&ﬁ é%?:‘fsévfﬁ‘é Bt for

the gateway 18 to wait for the next call”request he determ nation at

Block Uis YespProydfexoRF oF Baisar isRemet Qlafet‘"éYBI-oc&thPS JELi 43 tife
one or nore tr alddepteldgnredritisl t passBs 130 HlockRef ewhete agad Ut 01Bi dis 5,

and assum ng faor_thi .ex%?élte that the UT 13 se% cess eque t to the
gat eway D, theaﬁﬁ’f\ﬁ%}cﬁ er ifles FTTHTHY det oca on is
15 authenticated, the UT 13 is added to gateway's VLR 54c
(Fig. 2) as an active user at this gateway. Control passes
to Block T where the gateway notifies the UT 13 of
acceptance and, if a call request was sent, begins call
setup. At Block U the gateway determines if the UT 13 has
20 ihitiated a call request. If No, control passes to Block V
to enter a standby state waiting for a call request. At
Block W the call request is received, and at Block X the
gateway 18 assigns one or more traffic channels to the UT
13. The call is initiated and is in progress at Block Y. At
25 Block Z the call terminates, and control passes back to
Block V for the gateway 18 to wait for the next call
request. If the determination at Block U is Yes, then
control passes immediately to Block X to assign the one or
more traffic channels to the UT 13.

30 Referring again to Fig. 5, and assuming for this example
that the UT 13 sends an access request to the gateway D,
the gateway D determines from the determined location of
the UT that the UT is in the SA-A, and that the UT 13
should be assigned to the gateway A. If the UT 13 had

35 instead been determined to be in the SA-C, the UT 13 would



the UT that the UT is in the SA-A and that the UT 13 should be assigned to
the gateway A |If the UT 13 had 35 I nstead been determned to be in the

SA-C, the Wo dSanasl d WO 98/ 42143 PCT/US98/02888

PCT/ US98/ 02888 26 still be assigned to the gateway A, which is assuned for

this exanple to also be servicing the SA-Cyglf instead the UT 13 were to be
determ ned to be located within the SA-B, then the UT 13 woul d be assigned

to the gateway £ibl Aseuaksdgheat tbhenaagawewal dst iHECIESi At afb@néaPebpat
the UT 13 is not, to be acjﬁeptted, th% gat eway .D (ﬁ' Bl.ock Q?q i nfornms _the UT
13 through the TOFRFPIRHR D 7LS0: Bsagery l%’I’r&ﬁn e PAaC-t hE ipstsafsthst
accepted. The rdn-E®centarice beedetgrniaedaltsobientbodeednwiidRihi theashon, of
a gateway to 1 | I Y, r ceptapce, as
descri bed abov&hfwlgga(?ggl%%ﬁ?t %%%%%@%?p?%igﬁgn%%ﬁ?v&aﬁbr t he

gateway D to sinply not respond to the access request by the UT 13 which,

after a preslet eXfEiRing | HROL LS Jatbwali ID ageem&awﬁtbm%kafl EnhRagnbhe
ur 13 15 has t .been ac e%e% y thé gat evva‘{ D. The UT 13 after sone
predet er mi ned petidd &Ff H°%e e AcesRptednother 9Igkeuayy D Aate Blaekt Qbf

not bei ng accepirefboiws ttive gat exdytHioudle tHe 1forieded MR, i bntERe O %&Iw »
oc

pag
t hat i ndi t ed - 20 . the dnitial t .
B 'the ves patn SRARSECrY Ergor $95 3on AekeBett M8 non:Resebbanvg,
control passes nessrgelcan e inedude ad identdficheipnevifoasgatevhgctod
gateway frpgn tgnidist tple 08h WA SsHELEE MABE 2k B?.?Ckfg g%%eg%%%', a
? om the “°SE. e 'neXt

returns to Block Htpo 25 _select_a next gateway f X
gateway can be {eRCEHHRIa PPN nglt bytSexdhPP e Withimekhestseppe s this
signal . Al ter nainvehtyiofnfor f theggeewuqy DDtoNiMgAY sty epondlendi £her

in the non-acceptance nessagge,. the, UT. 13 _selects the gateway designated in
t he non-accept'a%%%ess requegg by €ne U'}' 1% w%cic%, aff?er a gredet rm.gmed

timeout period, will be informed by default that the UT 13

15 has not been accepted by the gateway D. The UT 13 after
some predetermined period of time will attempt another
gateway.

As a result of not being accepted by the gateway D, the UT
13 determines if the gateway that indicated non-acceptance
20 was the initial gateway (i.e., at Block B the Yes path was
taken). If Yes, control then passes to Block C. If No,
control passes to Block R where the UT 13 removes the
previously selected gateway from the list of gateways
determined at Block F, and control returns to Block H to
25 select a next gateway from the list. The next gateway can
be the gateway having, by example, the next strongest pilot
signal. Alternatively, and if the gateway D included a
gateway identifier in the non-acceptance message, the UT 13
selects the gateway designated in the non-acceptance
30 message. At Block J control now passes to Block L, and an
access request is made to the next gateway at Block M, as |
previously described. '

Fig. 7 depicts a further embodiment of this invention,



30 message. At Block J control now passes to Block L, and an access
request is made to the next gateway at Block M as previously described.
Fig. 7 depiwbsaziqsgrt her enbodi nent of this invention, RS9 <od bdsks

PCT/ US98/ 02888 27 wherein Blocks A-N are as in Fig. 6A. After receiving the
access request at Block N, the gateway perfpyns Block S to authenticate the
UT 13. At Block Uthe UT 13 is rejected if not authenticated (Block V). If

the UT 13 is aue:he&bllﬁamdcisah—ﬁl aek Hst fﬂﬁﬂr@l;OCEAO h%t&i—e%b‘é‘iv&%gp form
a position |location on 13. ProceSS|q9 t hen contlnues

t hent
at Block P, as PRCPFF. rBﬁ“ng a&%i%%é%ﬁémgaﬁ%wyc@@a gms lagk h&o
UT' s access reqaathenﬁébatentnelwrm Ml @8loekFUgth8 §r1shienireg s tlaGlke

di agram 10 of e I I 0, the tenna 13A
(whi ch coul d be"SS aftnbhel géda O 1) s G a3 gt Bentdpated,
satellite RP sedti B OﬁKvUnghantBhabkeOrGSeexecuaﬁd tpaperitotar af position
receiving the dqwahtgbnsaéﬁl e Eh%ﬂ%ﬁ‘t&%h%& 198, L1, V%Jfo%ss%h%%%' S

15 selectlvelé for transmtting t transm ss
vari ous FD chan 8P§1§BF§CFFV§F9°kAPnDB§I&Fo?lﬁnd6§en§§uﬂ§t§rménsdvhﬁth©®

i ncludes suitabte aptept speebfjagtctheuttrry heteBBdvbaghibgd,and spreading
the uplink transm ssions and for denodul ati ng and de- spreadlng the 20

downlink transm ssions. A controller 13D controls the overall operation of
the user tern nRefegencd is mownmesieeda Fighesnboe sH&A ng (a bloek diageamace

L3E, 1o anygudigepgpli op é%us%@dt%egggawiy TGP 1L 485 Yng %%Ce PEX

I's coupled to a display (not user 1| npu evi ce,
convent i onal keﬁHQGCPnGPu§ﬁoMﬁ)°°NPKQ%EEth[ﬁﬁnﬁnﬂteiEFanmmladendcreceuwey

for driving a Saﬁehﬁhaamd ior ar esgtEi DgtaNRi GebtibRY Raviggala | RRUGLHEOM
a n1croph0ne (n}g e1ver aHBryt%gggﬁEgggg tggrteéggglv1ng the downlink
satellite ~transmissions 17B, on various FD channels
15 selectively, and for transmitting the uplink transmission
17A, on various FD channels selectively. A modulator and
demodulator (modem) 13C includes suitable spread spectrum
circuitry for modulating and spreading the uplink
transmissions and for demodulating and de-spreading the
20 downlink transmissions. A controller 13D controls the
overall operation of the user terminal 13 and is connected
to the modem 13C, to a user interface 13E, to an audio
portion 13F, and to a memory 13G. The user interface 13E is
coupled to a display (not shown) and user input device,
25 typically a conventional keypad (not shown). The audio
portion 13F includes circuitry for driving a speaker and
for receiving and digitiéing a signal input from a
microphone (mic). The memory 13G stores the terminal
identifier (ID) and type (e.g., fixed, handheld, etc.), the
30 last channel information that is used at Block B of Fig.
6A, the gateway list that is obtained at Block F of Fig.
6A, satellite ephemeris data, the identifications of
assigned gateways and frequency channels, the assigned
spreading code or codes, and any other data and programs
35 required to operate the user terminal 13. A port can also



identifier (1D and type (e.g., fixed, handheld, etc.), the 30 | ast
channel information that is used at Block B of Fig. 6A, the gateway |i st

that is obtwoposeisd Bl ock F of Fig. 6A satellite epheneri s pgeios/biags
i dentifications of assigned gateways and frequency channels, the assigned

spreadi ng code or codes, and any other datggand prograns 35 required to
operate the user termnal 13. A port can also WO 98/42143
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applications, such as X! ﬁort thaﬁ can_be cgnnected. to a data processor, a

facsimle machi¥RP ot HEF? 0% 8e PAT: QRN 5RE/ GenFEsted iz a5
In accordance wlata prosssur ofa tfcs imlen tiaohimsc owisdie GHeredsy ide of

the system 10 iggl %"o%:fc %q,}q d ystrﬁcéeéiﬁ-l ve and accept an access request
I a

froma user termna $6 1o T ecelve ‘and rej ect an access request
froma UT 13. |If rejecting the access request of the UT 13, the 10

ateway 18 n y a to
ohi ch the T 1o ﬁ%&w‘;‘% ;fﬁgx?* R L I ShyERILR) SaclObE NS
® of8t

gat eways 18 is BHEHA ngren systepe 19| dncdudss & srapabididy stoT
13 either to itrexdive dmi amzidrﬁ:( agatawass Heduddthctramal |dé/e115l:erﬂ1§na1

preferably i rrplﬁre ec hy t.he at evva contr ol I er
(Fig. 2), althoudgh Egﬁd[ i Cargtosng ci rc Q}gy #’aﬁ%q ShH&hr "f%ﬁu%& c@f‘?’hg
this function e UTfed3i.n I\ﬁoteﬂeﬂ:tlmg (he aQMSSer@emestbem’ thevBTi 13} hghe
context ofygxengy 04 qﬁ%?dl q@gs 26 S 4V h sgeul
realized that & nunbey2 |acat | o g%ﬁébeérgagahtlg&tthese g%boagn%@ﬁg
and that these Qﬂiﬁ"fqycéfm grteyays g |W%qmmhq R dohafld make & ext of
this invention. a&éﬁ&@@u@stcemhatnw éden oehe §EQ¥%}a’y§ fhgz?s é«ﬁr 5453
and 7 can be exe e]g other t han t.he chder shown; 7
obt ai ni ng t he sat‘r:re a 1ng an active role in the ass1gnment of a UT 13
either to itself or to another gateway. This functionality
15 is preferably implemented in software executed by the
gateway controller 56 (Fig. 2), although dedicated
circuitry can also be provided for executing this function

either in whole or in part.

While described above in the context of exemplary

20 embodiments of this invention, it should be realized that
a number of modifications can be made to these embodiments,
and that these modifications will fall within the scope of
the teaching of this invention. By example, certain of the
blocks shown in Figs. 6A, 6B, and 7 can be executed in

25 other than the order shown, while still obtaining the same
result.

Further by example, it should be realized that the gateway
18 can employ a number of different criteria when making a
decision as to whether to accept or reject an access
30 request from a given user terminal 13. By example, and in
addition to considering the determined location of the user
terminal 13, the gateway 18 can also.consider one or more
of: (a) a current loading of the gateway or a predicted



result. Further by exanmple, it should be realized that the gateway 18 can
enpl oy a nunber of different criteria when nmaking a decision as to whet her
to accept owo'og4LAs an access 30 request from a given userpaTaUSYs/288813.

By exanple, and in addition to considering the determ ned | ocation of the
user termnal 13, the gateway 18 can al so cansider one or nore of: (a) a

current | oading of the gateway or a predicted WO 98/42143
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requestl Ng access er termn nsm -t
(e.g., fixe8, h=aA¥halgo b?chcﬁM'!ﬁdt ExABnthei § Qthé8a§§e§§er §9@é!st3)6 oc'@)r

the existence okng I8l 38h4r ea:)gatswa)tyya CHf S hidlees @eﬁhyﬁail 18 Ofn&er Misce
areas; and (e) other criteria, such,as th geéresence of gam ng ggre nent .

Anot her crit eri SRIUEEHIREI AF4eFDald- Ehe ed‘f%ﬁff:etﬁ?’mr‘lﬁﬁ
the UT 13 is a teamshdite itsberypent(eby.t,hefiked, Uhdield, ae:!ai.l) senlqm

service request 4 d ayt i appk
referring again %&.&Qﬁl&gh& %ﬁt 3 at eway c&&@tﬂ n‘f’l% ggkgtFﬂegm?ﬁbe
t hat the UL013 sbamklu ggteweal Whth i shargsi ﬂapéuﬁﬂlﬁﬁﬁ- pébservicenarieasat

is known from dahabqe§ b'&h@&'”&trh.%@rtla bguéfl asCeRBepiradeheeddireWRY-oRnlig
not gateway A), then gateway A may reJ ect the call request, and provide the

UT 13 with a gata&ﬁé)? & that incl udes only gateway B. In a simlar
manner, if the UT 13 is determned to be calling another UT that is known
to be in the serwo(;_ge%r ce:%igfergg;le\\i@gn %hfcme'%o base the acceptance or non-
acceptance of the UT 13 is a telephone number sent by the
15 UT 13 with a call setup service request which includes
authentication data. By example, and referring again to
Fig. 5, if the gateway A can determine from the number that
the UT 13 is making a call to is a private or non-public
network that is known from database information to be
20 connected to gateway B (but not gateway A), then gateway A
may reject the call request, and provide the UT 13 with a
gateway list that includes only gateway B. In a similar
manner, if the UT 13 is determined to be calling another UT
that is known to be in the service area of gateway B, then
25 gateway A may reject the call request, and provide the UT
13 with a gateway list that includes gateway B.

As such, a method 1is provided for operating a
telecommunications system having at least one earth
orbiting satellite for conveying signals between a user
30 terminal and one of a plurality of gateways. The method
includes the steps of (a) receiving a service request that
is transmitted from the user terminal, the service request
being received at a first gateway and indicating a
destination telephone number to which a call is to be



25 gateway A may reject the call request, and provide the UT 13 with a
gateway |list that includes gateway B. As such, a nethod is provided
for operaybgisz@ast el econmuni cati ons system having at | eastpaungsosazssi
orbiting satellite for conveying signals between a user 30 term nal and
one of a plurality of gateways. The met hodgi ncl udes the steps of (a)
receiving a service request that is transmtted fromthe user termnal, the
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and including gat ewa
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tel ephone nu nb&ésﬁ@ﬂaﬁi?éﬁ e@@%ﬁhéﬁb fiuinﬁiép h (Nﬁ' &5&3?@'1 eOf tﬁe nQ8seihhtEon
network, or may corres t el ephone numh a anot her user

terminal . 10 ARelerhon ‘P‘é‘P‘P% RPB CPT SR &? tah@eﬂr&ﬁ’ﬁ‘éf‘ecé}‘}“?&rl efaa
det er mi nati on hyntpeblit avetwerk ! orhaghcgriespynd o @otpllephoheenafiberi n a

nost cost-effeg e, JBPR e assune the UT 13 is in an area of
over | apped gat %ﬁ% serV|§% %% i i|s£§a%unber in country B,- but first 15

accesses a gatemay in country A The gateway in country A exani nes the
cal | ed nugp gtﬂé{-eaﬂesﬁana&naeelassaséacaﬁI tMe! hulBel-e851 X818 %€ 1 f

handl ed |nstea y the gateway in country B. | his case the gateway In
country A senddetermintipBsdifeths tFrtenaysas, tR Hhichi gatesy2oces

contact the gageMpYet8 aMetexlB. il asupist SosEBebedctive mahﬂéied B{or
operating a tglecommuni Calind sy SHEMIPVIN0 3 1828k ed"% £ 8r1apped
gateway service and calls a number in country B, but first
15 accesses a gateway in country A. The gateway in country A
examines the called number and determines that the user's
call will be less expensive if handled instead by the
gateway in country B. In this case the gateway in country

A sends a reject message to the UT 13, with an indication

of

20 to contact the gateway in country B.

As such, a method 1is provided for operating a
telecommunications system having at 1least one earth
orbiting satellite for conveying signals between a user
terminal and one of a plurality of gateways. The method
25 includes the steps of (a) receiving a service request that
is transmitted from the user terminal, the service request
being received at a first gateway and indicating a
destination telephone number to which a call is to be
'placed; (b) determining if the first gateway can connect
30 the call to the destination telephone number at less
expense than another gateway can connect the call to the
destination telephone number; and, if not, (c) transmitting
a message to the user terminal from the first gateway, the
message rejecting the service request and including an



orbiting satellite for conveying signals between a user term nal and one of
a plurality of gateways. The nethod 25 includes the steps of (a) receiving
a service rggugatisshat is transmtted fromthe user term naleciisyssgsssi ce
request being recelved at a first gateway and indicating a destination

t el ephone nunber to which a call is to be pjjaced; (b) determining if the
first gateway can connect 30 the call to the destination tel ephone nunber
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accept ance synchronous satellites. Furthermore, in some embodiments of
| 15 this invention some or all of the user acceptance and/or
logging-in functions can be performed on-board a satellite,
either alone or in cooperation with one of the gateways 18.
If the satellites are equipped with inter-satellite links
(such as RF or optical 1links), then information can be
20 passed between the satellites, and the user acceptance
and/or logging-in functions as described above can be
performed by two or more cooperating satellites, either
alone or in combination with at least one gateway 18.

25 = Thus, while the invention has been particularly shown and
described with respect to preferred embodiments thereof, it
will be understood by those skilled in the art that changes
in form and details may be made therein without departing
from the scope and spirit of the invention.



and/ or 1 ogging-in functions as descri bed above can be performed by two or
nore cooperating satellites, either alone or in conbination with at | east
one gatewawdé®/42243 Thus, while the invention has been parpceakesd2gsss hown
and described with respect to preferred enbodi nents thereof, it will be
understood by those skilled in the art thaj, changes in formand—details may
be made therein w thout departing fromthe scope and spirhﬂhgﬁuthe_

i nventi on. 32 CLAIMS What is clainedg¢gatMg A satellite Qumyiules
system conprising: at |east one satellite; a plurality of [g#
| east one user termnal conprising neans for bidirectional I
with at | east whatofisseldigetiedsys t hrough said at | east one satellite;
wherein individual ones of said plurality of gateways conprise neans for
recei ving an access request fromsaid at | east one user termnal through
said at |east one sateBl satelditief gompunicetprnsesysten, compatisfiyigrg sai d
requesting user termnal through said at | east one satellite that the user
termnal is one of accepted by the gateway for establishing a comunication
link or not accepteBtbyepfE Béﬁeﬁé§eﬁéiteétablishing t he conmuni cati on

i nk, wherein said notifying neans of each of said plurality of gateways
makes a decision as_t her ta accept a regyesting user termnal or to
not accept a reques?iﬁéwggg}%YePgiﬁg eWaYEd Sﬂgat | east one criterion being
satisfied and without requiring decision maki ng assi stance fromsaid at

least one satelliteat jeast one user terminal comprising means for

bidirectionally communicating with at least one of
said gateways through said at least one satellite:;

wherein individual ones of said plurality of gateways
comprise means for receiving an access request from
said at least one user terminal through said at least
one satellite, and further comprise means for
notifying said requesting user terminal that the user
terminal is one of accepted by the gateway for
establishing a communication link or not accepted by
the gateway for establishing the communication link.

2. A satellite communications system as set forth in
claim 1, wherein said plurality of gateways are
bidirectionally coupled to a data network, and wherein said
‘data network is comprised of at least one of a terrestrial
segment and a space segment.

3. A satellite communications system as set forth in
claim 1, wherein individual ones of said gateways further
comprise means for determining a location of a user
terminal, and wherein said notifying means is responsive at
least in part to said determined location for determining
whether to accept the user terminal.
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2. Asatellite cormunlcatl S se\ﬂ%qgge@s set forth in claim 1, wherein

sai d plurality of ‘s re bidirectionally coupled to a data
net wor k, agn@d siai n s network is conprised oPCHUSY822888 one
of aterrestrial segrre segrrent 3. A satellite comrunications

systemas set forth in cI aim1l, \/\herel n i ngvi dual ones of said gateways
further conprise neans for determ' ning a location of a user termnal, and

\C/i\herei n sgifl not i fyungmgart&mitees:mmh\ieamoheastymnﬁarst det Foreth 1|n

et erm ne ocat,i Qn termnin er, to.,accept the_user ternjnal. 4.
A satellite corﬁt“'ﬁlmca?ro §§' se? 3T n O, HEET vﬁﬁ%ﬂi‘ﬂiaﬁf at

| east one user compmiisaid i s:ﬁ:onq;ean;ed fof g‘eansng for ldstri nglerﬁ::.ﬂy:.ﬁg o
i dentifying in 'nYi':%i%ha‘i“‘éﬁle of:4i @l pidtai¥e SRy s 2 dm{ ai d

user termnal further conprises_neans for selé t|n a gatewa rom t e i st
to which to sef@ighusezessrpinadsfurther comprises WMrﬁ%ﬁtﬁ Bing @m as

set forth in clpitévay #homCtReS2idt! t6t whicheEs y@d in Sdcbdis SFechadg Nal ,
t hrough said at Ieast one satellite, fromone of said plurality o

gateways. 6. A satellite conmmunications systemas set forth in claiml,
wherein said at | east. ansated] itter Womiunicatdgns sydstem Earet doxtth timl |y

uning Lo a 1 SANAEYechaelo thalealds Lisk UBFddubdilad!SBY, tELIANednd

if the | ast use€e requéna1 channel aval T able, Tor tu one or
more predet er nitesmisednn&hrough s#lﬁ ah east|one sakelhite: |5mm%e?ﬁ

conprising: at d83FpI1RRA14YE Jfe'gitelayelPrising a first

6. A satellite communications system as set forth in
claim 1, wherein said at least one user terminal is
comprised of means for initially tuning to a frequency
channel that was last used by the user terminal and, if the
last used frequency channel is not available, for tuning to
one or more predetermined channels.

7. A satellite communications system, comprising:

at least one user terminal comprising a first
transceiver for transmitting signals, including a
request for service signal, to a first RF link and for
receiving signals from said first RF link:

at least one satellite comprising means for receiving
signals from and for transmitting signals to said
first Rf link and for transmitting signals to and
receiving signals from a second RF link; and

at least one gateway, said at least one gateway having
at least one service area associated therewith and
comprising a second transceiver for transmitting
signals to and for receiving signals from said second
RF link, said second transceiver being bidirectionally
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transceiver for tran §he trll-ﬂs ﬁ i ncluding a request for service
signal, to a first ecei ving signals fromsaid first RF
link; at |wes/42mI8 sat llma‘g |ng means for recei vi nPCI/YS98/02888r om
and for transmttlng said first Rf i nk and for
transmtting signals to and receiving sigmals froma second RF |ink; and at
| east one gateway, said at | east one gateway having at |east one service
area associ ated thecewplédand catpliensty aneéectertedstarisdei gonmhinication

transmtting signal I | RFllnk
said second transceﬁe{é'?ogg?fn%logl 3@, %ggt\ihgggl %ﬁﬁ%ég{%‘g%%’%gg& 3ld
terrestrial conmmuni 8tt leasketans kuser terwdndilnfrem ogaidi @it i beast goake f or
sald at |east one UéSﬁm{éﬁiﬁh’EE& eea,é@kdtat sh $855e8BRACRFM ThkaAhAN for

network to said secgn for, forwardi ng a_caomuni cation si
fromsaid at |east SREWAEEingca n?ﬂ’&?‘“?%ﬁﬂ?é&?dsé‘éﬁB%dePml Fakdt Btséﬁés&

| east one conmuni cabhenugefvmimﬁﬂ dErom |saisd mr@mnnwtwgald at
conpri si ng deci sion gs havi ng an . r%ut for %w Vi ngr1 ai d_second
RF link, a request ?‘8?5 e & S SBFEVAE <t & r?e (S8t ePREhal |
sai d deci si on neansgapewayi lfgrtheuewauprasl\mgetdealsmmcms ohaw_wmng an
accept the request Fﬂguéerf’dferéégﬁﬂnéeq‘ﬁ%d ngayaerf&;ﬁa nﬁb i:ﬂ-:

accordance with at st one criterion. whéerein said declslon nmeans of s id
at |east one gatewaVeRHRES FONASENiAP £ignal fEORcFaid ak danst anayussti ng

user termnal or tOtéﬁiuﬁﬁi?pkaildraédfﬁibﬁgméaﬁé bpeFhtihgbescdetarsdngd

| east one criterion gejtggrfulgl lalc%%p nd M no% accept the request for

service in accordance with at least one criterion.

8. A system as set forth in claim 7, wherein said at
least one gateway is further comprised of means for
determining a location of said at least one user terminal,
and wherein said determining means is responsive to said
location determining means for determining whether said at
least one criterion is fulfilled.

9. A system as set forth in claim 7, wherein said user
terminal includes means for receiving, from said first RF
link, at least one reference'signal that is transmitted by
said at least one gateway, and wherein said user terminal
directs said request for service to a selected gateway
based at least in part on at least one received reference
signal.

10. A system as set forth in claim 9, wherein said at
least one user terminal directs a request for service to a
gateway selected in accordance with a received reference
signal that has a greatest received signal strength.

11. A system as set forth in claim 7, wherein there
are a plurality of gateways each of which has a gateway
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requiring decision nmaking assistance fromsaid at | east one satellite. 8 A
systemas set forth imim}ﬁétthBeeN\hEIaeédn said at |east one gateway is

further coNpMBg2d3 of ining a location of sdCI/GRISNEE8t one
user termnal, and whe [

i'on nmeans is responsive to said

| ocati on determ ni ng neans I ni n@5nhet her said at | east one
criterionis fulfilled. 9. A systemas set forth in claim7, wherein said
user term nal idenhtilEsermparachorof eseiidi mudtakityapl fdatewayfs | fukther

| east one ref \%gxﬁgfiéiﬂgaheéﬂét tf5§ E&%ﬁ%?itttt‘i?n % Sadt %oﬁﬁf‘é&?&’”Sf at.

gat eway, and In salfd user term na I rec sal d request or _service
to a sel ected lgastvene rEhar gateway idenfifiled, ty spddsFegrnd, BEcLiBY
reference signahd Wherfity H£14 28t Seeak?’ Idhd NuskRi Medminagr eis Fak€hak

| east one user term,nal. directs a_request.for _service tp a _gateway selected
in accordance ﬁP?HrésFﬁcg#v@ﬁa?ﬁfg?En§E°§+Bﬂa§a%ﬂa 1ﬁ558§a§ré§t55¥eﬁgs i ved
signal strengtfrom sa8kdlfirstsREt2imks set forth in claim?7, wherein there
are a plurality of gateways each of which has a gateway identifier, each of
said plurality of gateways further conprising neans for transmitting a |ist
conpri sed of at |ead2.ohsSYAtrR agasekaforibninf¢lain dlsavheraisnhgapm ptnk,

and wherein sajdagt bfaSis@PcreSRind E'diridtd | féduedit P Eesed cef tipans
for storing said,.lis ha

IARECAR SR T IERE TR TOE TR IR e T Sy
directs a request for service to a gateway having a gateway identifier in
iurali by of gat enadd eAcRYBE ey dete Lotk ok, S 8 EhekBab R 7
plurality of garewaydplupalidty of gateways each of which has a gateway
identifier, each of said plurality of gateways further
comprising means for transmitting at least one gateway
identifier to said second RF link for reception by said at
least one user terminal when not accepting a request for
service from said at least one user terminal, said at least
one transmitted gateway identifier being selected at least
in part in accordance with said determined location so as
to indicate, to said user terminal, a gateway having a
service area within which the user terminal is determined

to be located.

14. A method for operating a telecommunications system
having at least one earth orbiting satellite for conveying
signals between a user terminal and one of a plurality of
gateways, at least one of the gateways being coupled to a
terrestrial telecommunications system, comprising the steps
of:

in the user terminal; attempting to receive a signal
from a last-used gateway:

if successful, transmitting an access request to the
last-used gateway:
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conpri si ng neans for ﬂ{ﬁ“ eﬂl . €ast one gateway identifier to said
second RF link for r 1 at | east -one user term nal when not
accepti ng avo esjsisl fo said at | east one user pcarUsosieisss sai d
at | east one transmtt ntifier being selected at least in part

I n accordance with said detern1ned | ocati ogigso as to indicate, to said user
termnal, a gateway having a service area within which the user termnal is
determned to be | od#tensuddeséfut] hatckdmpt impeital rage iveed QHATBHEERIALS

system havi ng at Iy or satellite for conveying signals
bet ween a user tern1ngﬁﬁgq gg%éﬁgfcg pru éllty of gateways, at |east one of

the gateways being coupled to a terrestrial telecommunications system

conprising the stepg¢eofgyucceddrdine s5€4ideh uPahuégt %AQQWL s’ $Eon'E @

signal froma | ast-used gateway; |f success transmttfing ah acCcCess

request to the | ast 93¢eWaytERRSMitEing the aradaternined compunicatiane a

pr edet er mi ned commneahmnen@aﬁw;n%fttwcwﬁsfaf gaebdhPsNFitnins ey
gateways froma gat%g%é ransm tlng t he predeterm ned connunlcatlons
i

channel and storing gatemays Wi thin the user term na
determining if a predeterm ned gateway is included within the Iist of

gat eways and, if_yegeth&ﬁﬂﬁqht'f§ an ggigﬂﬁyyésigé{éw%§hg user .t erm nal

to the predeterm ne temaé term ne to
not be included wi Within gee list, °fs‘!3#'é%‘€¢¥® anshe lﬁ)erst,hé:ngatﬂmaytsn.rfg om

the list and transmaitiagcése &%ﬁ egvemt ﬁ&t%e&el eethdnddt Y8y efd

in a gat eway recei vi n%dter%%r'iurl%ré H__%g’a%cc%%s request
’

if the predetermined gateway is determined to not be
included within the 1list, selecting one of the
gateways from the list and transmitting the access
request to the selected gateway.

15. A method as set forth in claim 14, and further
comprising the steps of:

at the gateway receiving the access request, and
determining a location of the user terminal:

determining, based at least in part on the determined
1ocation, whether to accept the user terminal for
establishing a communication with one of a terrestrial
telecommunications system or another user terminal;
and

if the user terminal is accepted, authenticating the
- user terminal and assigning at least one satellite
traffic channel to the authenticated user terminal.

16. A method as set forth in claim 15, and further
comprising the steps of:
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through said at |east one satellite, making a decision as to whether to

accept the user ter nifkia$heétias Bdeh R dted the access request or to not
accept thewovsu2iaer m ;Ig |l| | east one criterion berCEjUSsI0Rss8| ed

and wthout requiri "ﬁﬂ“’ﬁ"ﬁn ki ng assi stance fromthe at | east one
0

satellite. 15. A nethod as Set in ckgim1l4, wherein the step of
maki ng a deci sion conprises the steps of: - 38 at t he gat eway

receivi Ing . the aﬁﬁe&%e %mm detletiinesnonat LQ@Stao@e_p{; gmk uager
term nal ; determ ni as at le N rt on e  determ.ned Location
whet her to accept tﬂ%tﬁﬁ%? terﬂ?h5?§i89 egﬁSbligé%u;E§€§ﬁﬂﬁﬁnc i of°®/t h
one of term nal coupteeptanceterrestrial tel econmuni cations systemor with
anot her user termnal; and if the user termnal is accepted, authenticating
the user term nal and assigning at |east one satellite traffic channel to
the authenticated ub®rther RERE terginalyeRFQViRds &the Fateway cfxem the and

further conpr!sing é&@eﬁé?piigéiahﬁ b@ﬁe&%ﬁﬁﬁahﬂﬁﬂhﬁﬁﬁ W £PoRCERAL
the user term nal, not i ng, .

. t he  use t erm nal 0 non- acceptance;
in the user tern natiStchoyi AEFIRE @a?%ﬁéya??%ﬁ§tﬁ%qﬁﬁf tay |ist and
sel ecting another gateway fromthe |list for making a next access request.
L7, A method as setyfortp ho.fbal dldec il S USP £f, SGhepbifdehe
gateway includes an™ihitral step of acquiring a reference Signal Trom at
| east some gat 8Wapsoifn seleating #moJatewry i npctndesf anhdrgdiiadkystep of
accor flance W t Beglii b EAG a PLEHHARC TGhali eroh dPa S iddRd LAY in
stgnats. the list and selecting one of the gateways in accordance
with at least one characteristic of the acquired reference

signals.

18. A method as set forth in claim 14, and further
comprising the steps of:

at the gateway receiving the access request,
performing an authentication of the requesting user
terminal;

if the user terminal is not authenticated, rejecting
the access request;

if the user terminal is authenticated, determining a
location of the user terminal;

determining, based at least in part on the determined
location, whether to accept the user terminal for
establishing a communication with one of a terrestrial
telecommunications system or another user terminal;
and

if the user terminal is accepted, assigning at least
one satellite traffic channel to the authenticated

* c L M s *



39 18. A nethod as set fort Q g;14 wherein the step of making a
deci si on conprises tH& t he gat eway recei vi ng t he
access KR! b2t 43 perf @“‘ entication of the requeeriusgs/oesss
termnal; if the user t aut henti cated, rejecting the access
request; if the user terntnal I's authentiggted, deternining a location of
the user termnal; determ ning, based at |least in part on the determ ned

| ocati on, whether t@e3Ce@nilpaa user termnal for establishing a

conmmuni cation with one of a terrestrial tel econmunications system or

anot her user termnal; and if the user termnal is accepted, assigning at

| east one satellitad.rafyf methmhred sett fertht bantladmedsysand efustisdr 19.

A net hod as set it aiJp d further conprising the steps of: if
t he gat eway d&ﬁﬁb ﬁ%i?qqéh% %%% ‘the user termnal, notifying the

user termnal of non- acceptance in the user terntnal removi ng the

gateway from the ggleveie! igutewtiyd a&t&%iﬁasawéteﬁogaé@e@t ft:ﬂ&‘ ey 1 St

for maki ng a next access request. A net hod oper atin

teIeconnunlcat|onsQﬁﬁﬁ%ﬁﬁhﬂ»ﬂWﬂf%ﬁy44§wttkﬁe Bﬁ??h PEPLNA s&FbHWQQ?for
conveyi ng signal s keiowpdarcerser termnal and one of a plurality of
gat eways, at |east one of the gateways being coupled to at 40
in the user terminal, removing the gateway from the
gateway list; and

selecting another gateway from the list for making a
next access request.

20. A method for operating a telecommunications system
having at least one earth orbiting satellite for conveying
signals between a user terminal and one of a plurality of
gateways, at least one of the gateways being coupled to at
least one terrestrial telecommunications system, comprising
the steps of:

receiving, at a gateway, a service request from the
user terminal, the service request passing through the
at least one satellite; and

based on at least one criterion, notifying the
requesting user terminal that the user terminal is one
of accepted by the gateway for establishing a
communication link or not accepted by the gateway for
establishing the communication link.

21. A method as set forth in claim 20, wherein the
step of notifying includes a step of assigning at least one
satellite traffic channel to an accepted user terminal.
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| east one terrestrial teI ecormu ﬁg 4ONs system conprising the steps of:

receiving, at a gate equest fromthe user termnal, the
service r eguwessi42pBSSi u
at least one crite t he requesting user termnal that

at | east one satellite; PCTIUS4342888  on
the user termnal is one of accepted by tBe gateway for establishing a
comuni cation link or not accepted by the gateway for establishing the
comuni cation |ink,22heAsmephol wmiéeﬁrmprtmmihsbnglm 2tosp, wiseaseixi ethen a

dateliTte, o FERb oL BEETEPIRSC LA | 8 88 & BRIy, R
that transmttidenhificaviern pEq@dstleast oonet cddwsptgatewagetot & nhant
based on the aécéé@ééd%frﬂéﬁ{m%l beine shi¥ithie! 86m g?ﬁs‘ﬂhbhgiilh %E%g' ﬁf“g

deci si on making asSistance. fromt east. one sat

set forth in chrakingea Vﬁﬁ?e$¢FY¥EF§¥%$PQﬁ ne? i ¥he nidentifiled gatewayof
assigning at |east one satellite traffic channel to an accepted user
termnal. 22. A net orth _in m, wheregin the step of .

noti fyi ng i ncl udes g? t%ﬁ"%‘%‘f‘i A% AR fcﬁé%gln %'dgilif"llﬂ t’iﬁﬂgo?mﬁgr?‘ﬁég? one
ot her gat eway tbeainbhiakhcstepsdofiser terninal, and further conprising the
step of making a next service request to the identified gateway. 23. A

nmet hod as set forth in claim?20, and conprising the initial steps of: 41
in the user terninaln $8§wqﬁQQ;Qﬁ?ﬁﬁ%ﬂ%ncéchgﬁbngfﬁmﬁ%ﬁ¢ﬁ¢@ﬁeg§%§méi

receiving a list idepbinf¥i porst ¢@a§ﬁa?pe ot her gateway fromthe first
gateway; receiving a reference signal fromthe at |east one

receiving a 1list identifying at least one other
gateway from the first gateway:

receiving a reference signal from the at least one
other gateway in the list; and

selecting a gateway having a reference signal with a
greatest received signal strength.

' 24. A method as set forth in claim 20, wherein the at
least one criterion includes at least one of a location of
the user terminal, a current communications traffic loading
of the gateway, a predicted communications traffic loading
of the gateway, the presence or absence of any RF
impairments, a type of user terminal, a lowest cost routing
for a call, a destination for a call, and a presence or
absence of a roaming agreement with the requesting user
terminal's service provider.

25. A method as set forth in claim 20, and comprising
the initial steps of:

in the user terminal, acquiring a reference signal
from a gateway; and

[
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ot her gateway in the |ist; apd ieh%cdti ng a gateway having a refer.ence
signal with a greaté@f‘s . S inal strength. 24. A nmethod as set forth
i n clai m o 9sM2e43ei n t ﬁ ne criterion includes aPCrais%8/0288% of a
| ocation of the user ' rrent communi cations traffic |oading of
the gateway, a predicted communications tgggaffic | oading of the gateway,
the presence or absence of any RF inpairnents, a type of user
termnal, a | owestinoscecardamupe f eith cahformatibshi rabitainddr froml kheand a

presence or absenc api gr \Me L e £t i

termnal's servi cegﬁ?éggﬁég. %@ga;’ n&?%%hé\gtéggt gor%%\éécl gi&#gg{: g‘ﬁd
conprising the inithalgsteWayef: in the user terminal, acquiring a
reference signal froma gateway; and in accordance with information
obtained fromthe reference _signal, transmiting a service request to the
gateway. 26. A netB8d és“?é‘th"ﬁigracﬁh $Qt cfarthoan @i 2Qhewkerpins the
notifying i gchﬂdpsoﬁ ﬁ@ﬁﬂfﬁinqloindh&ﬁém(ﬁ e dfhﬁotﬁﬂ:'\é's%nae.‘i!fgetb ftzxem a
non- accept ed user, .ter an rt.her co S the_steps of: in
the user ter rrfﬁﬁf',laﬁ/air%rbﬁigdsftorgﬁ&gr 3de‘§%’§rﬁg€ée%f’%€$i 885 t[é)%“?%l‘reééﬁ%ve a
response frontukthgat comprishtgathenstergi pfti on of the predeternined
period of time, making a next service request to another gateway. 27. A
satellite comunications system conprising:, at |east one communications
satellite; a systekicdilia onser; terminadi,i (Wathing: ERdys BRrefdegermdnedyser
termnal conprisi nge#gadasof dime to receive a response from the gateway;

and

at the expiration of the predetermined period of time,
making a next service request to another gateway.

27. A satellite commﬁniqations system, comprising:
at least one satellitef

a system controller:;

a plurality of gateways:

at least one user terminal comprising means for
bidirectionally communicating with at least one of
said gateways through said at least one satellite; and

a data network interconnecting said system controller
and said plurality of gateways whereby said system
controller selectively assigns system resources to
individual ones of said plurality of gateways based at
least in part on a predicted demand for system
resources, said data network being conveyed by one of
a wireless network and a combination of a wired
network and a wireless network.
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bidirectionally conmuni cat i ng w t h at I east’ one of said gateways through

said at | east one coﬂmﬂheqtz @l |ite; and a data conmunications
net wor k cmbg&hlbﬁtm control l er and said pl PCINISYY02888
gat eways such t hat sal ol l'er selectively assigns system
resources to individua ones of said plurgiity of gateways, over said data
communi cati ons network, based at least in part on a predicted demand for

system resour ces, 28.sai gatellidte commanivattiehsosgstemnasvest forth in
oystem contr SR A OuhBEBI ind R ST BRLLY o SIS B TrandRy. SR €
| east one ear idat@ways ngreatleidirecttanamgat@upk@ cemuakcaleast sqm em
as set forth 'ﬂébféﬁﬁh%& ﬁ()aia]@ﬁg @ﬁtéaﬂe%ﬁ vt b i Urd 1 dand

gateways are recti onal i u€ to at least ope terrestria
comuni cat i on®NBest @ SAIA WRERERAIFKJIQR (gFeWaYSnSOMAT LSS (MERDFal §9F of

gat eways CconpricideiVEdit 419rac€664ViraguaBtadiens dLilicst Leaprsané aisédpast

one user term.,nal throygh said at est on satel | it nd further rlse
means for not |Wa§al{%‘ sg‘rrﬂ'}?al attrétliﬁ'rfe' 1([; ‘?C???rg

one of accept exbnipr e mama/viyarf notefyahgl saidgregeesting casen rtérmﬂmaxl t h

one of the ter . o] e
termnal, &Fasé 1‘géot accept %%16 I3 ﬁna B\goé\%gep%%or bgg?ée{%g %?n n
conmuni cat i on ﬁqrnkestgblAsgéﬂﬁl 13 t€°%ﬁﬁﬁﬁﬁ§a9¥lorﬂsfl’§'§/s?’é#¥las°%%t ofork g’he

claim 27, wherifrddtdtididuatonhehi€at$8h8 p'ﬂé’c@ﬁdﬂk\’ Obr JabpdRYeral Guser

b|d|rect|onall cou led to a database of act.i | ogged-in user terninals,

and wherein i r on®E ofSsai §:pl AHGR ffcﬁf Rt e &?};ﬁ*{ :%

for receiving @sﬁalgl—ishjrmﬁuﬂﬁ donmuarsicat idn |least. one user termi naI t hr ough

said at Ieast_ one satellite, and further
_ 29. A satellite communications system as set forth in
claim 27, wherein individual ones of said plurality of
gateways are bidirectionally coupled to a database of
active, logged-in user terminals, and wherein individual
ones of said plurality of gateways comprise means for
receiving a log-in request from said at least one user
terminal through said at least one satellite, and further
comprise means for notifying said requesting user terminal
of one of: (a) that the user terminal's log-in request has
been accepted by the gateway for storage in the database:
and (b) that the user terminal's log-in request has not
been accepted by the gateway.

30. A satellite communications system as set forth in
claim 27, wherein said wireless network is comprised of RF
links between at least one satellite and at least one of
said plurality of gateways.

31. A satellite communications system as set forth in
claim 27, wherein said wireless network is comprised of
terrestrial RF links between at least two of said plurality
of gateways.
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conprise means for %B%l Ig&guestl ng user termnal of one of: (a)

that the user term na uest has been accepted by the gateway
for storaggolotyaiias da ) t hat the user term nalPcyisvge2988
request has not been e gateway. 30. A satellite

comruni cations system as set forth in clajgn 27, wherein said data
comuni cations network is conprised of RF I'inks between said at | east one

earth orbiting satej. tAes%'&él&&tbeééinmﬁﬂfcﬁ*f:1§ﬁsdsféﬁéﬂ| aALYsOf SSEEeNoMs.
31. A satellite comTunlc tions s s.tegﬁ set forth in cl m_27 wher gi n

said data comfirRida’ond MEyoFk ¢ its) ingormafion
bet ween at Iemtmwiimaitdngl uthe i tassiifgroretvayE. 38erA 'eemihals to
comuni cat i ons, S fQrth.i .l 7, wherein said data

comuni cat i onslrh vtba%‘(’j}‘coc%‘\‘?eeyso(1=r églf‘fﬂ%ft?ﬁy ti'on for coordinating the
assignnent of wuser termnals to individual ones of said gateways. 33. A

met hod for operating aal fbenogmRyY %@ﬁ%@ﬁ“@é‘ié@dﬂzﬁﬂnf&aﬁf@ﬁ% Seaprt h

orbiting satellite for conveyl ng nal s between a user -term na one of
a plurality ofhajding\@ks least 8&§t eBﬁEho?r?h’él’@%t%m%lb’é?— nEPE RRIERY iRI at

| east one terrigridiad Betlwse M isedt iterminedl @iid @fa)rdﬁlanqﬂmﬁqpswf
receiving a service reques th t 1s trapsmtted fromthe us and
based o at | GRYSEECAG dARST. oB% REFAFrgFrveke Peifa-compicdcts at
termnal is ackeq:&tednbotesmwtmhﬁ@lmmjmlgzam@nsequtemngcme.Smgn nal

that the user gL one of accepted for service or not accepted for
servi ce, wherelin the at east one criterion includes at |east one of a
| ocati on of the user term nal, a current conmmunications traffic

receiving a service request that is transmitted from
the user terminal; and

based on at least one criterion, determining if the
requesting user terminal is accepted for service and
notifying the requesting user terminal that the user
terminal is one of accepted for service or not
accepted for service, wherein the at 1least one
criterion includes at least one of a location of the
user terminal, a current communications traffic
loading of the system, a predicted communications
traffic loading of the system, the presence or absence
of any system impairments, a type of user terminal,
and the presence or absence of a roaming agreement
with the requesting user terminal's service provider,
and wherein the steps of deciding and notifying are
executed by one of at least one gateway, at least one
satellite, or by a combination of at least one gateway
and at least one satellite.

34. A method for operating a telecommunications system
having at least one earth orbiting satellite for conveying
signals between a user terminal and one of a plurality of
gateways, domprising the steps of:
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| oadi ng of the syst emnis ShefaHagBeeh Replac®inmuni cations traffic | oading of the
system the presence ny systeminpairnents, a type of user
term nal , wpdshkinaspre e of a roam ng agreenerrCTVUS98/024388
requesting user term service provider, and wherein the steps of

deciding and notifying are executed in a ggteway that receives the service
request through the at | east one satellite, wherein the decision as to

whet her to accept tﬁ&éwnq%rrge;wldéﬂ&teqdmrﬂﬁa@cig Reraafdnyi toged efe@iRt OF
to not accept the %33% termnal .is ong criterjon . and

without requiring Hagr ke %Wﬂrgagggl §?5¥%§ef?'%ﬁ'l‘?’ﬁé being Xgceheed
satellite. 45 34t Aanefhpdtf cyateasat iangl aindlieatdngni @ atdesisirsatsi e

having at | east on Wi bet ween
aUser termnal andorebtiyd it 5 Snddif d MafPUEASHE Pifhea bt 00

of: receiving a serV|ce request that is transmtted fromthe user term nal

the service reques"dé’@éﬂ%ﬁﬁ?'x\f‘?éhétfﬁrét fét%f%cé?ﬁbl@dbfaééﬁﬁlﬁg
destination telephone nunber a cal aced etern1n|ng

is to be
in the first gatewdyP§f ??ﬁ?qqﬂ%ﬂ gﬁéiﬁﬁ%? qﬁ) REL he

destination tel ephone nunber and, if not, transn1tt|ng a nessage to the
user termnal, the e VIC e nd_i.nc ud| an
i ndi cati on of anot hi[é]]‘i:E %@fhét r}g%é %blrt hé’er r# ?ﬁé‘“‘aé‘é |'n

t el ephone nunber. mssaqtheO&mnmtbeasme \matmst alné dnsludangoam

t el ephone nunber c’fmt B2 SALEROPNGAUARG ehat A~ BUBhS anEbpON k.

36. A nethod as in alm 34 mhereln t he desti nation tel ephone nunber
corresponds to a.te#%ﬁﬂﬁﬁﬁe#ﬂﬁﬁﬁﬁ %¥nation telephone number.

35. A method as in claim 34, wherein the destination
telephone number corresponds to a telephone number of a
non-public network.

36. A method as in claim 34, wherein the destination
telephone number corresponds to a telephone number of a
another user terminal.

37. A method for operating a telecommunications system
having at least one earth orbiting satellite for conveying
signals between a user terminal and one of a plurality of
gateways, comprising the steps of:

receiving a service request that is transmitted from
the user terminal, the service request being received
at a first gateway and indicating a destination
telephone number to which a call is to be placed;

determining if the first gateway can connect the call
~to the destination telephone number at less expense
than another gateway can connect the call to the
destination telephone number; and, if not,
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anot her user termnal. 37. A nethod for operating a tel econmunications
system having at | east one earth orbiting satellite for conveying signals
bet ween a uwer9sider4di nal and one of a plurality of gateways, weOfR§dsihsi@ t he

steps of: receiving a service request that is transmtted fromthe user
termnal, the service request being receivgg at a first gateway and
i ndicating a destination tel ephone nunber to which a call is to be placed;

determining in the ftiratisndatdnay al hebBagll Ao thal R ¢34 ecttr&\{]q:rfeal |
to the destination tﬁltr%wone nunber at l'ess expense, than anot her gat eway
can connect the call hE2HRYRY natitsh MESS8ESnerRiRBEingarkhe | fsertice
transnmitting a messagquestt kadusisrcletimonan findi¢deidhr 6t got evakt i
nmessage rejecting thy V u a i di 1 n_i ndi cati on of at

| east one ot her gat Ig%v\g%% h%atcfelvfsa%ﬁe?lgétr:ﬁ ﬁ%d @%é%g“glg%ibff € cGARBBLeNPE he
call with |ess expefoBnegiinghghei callgwishaless expense than the first

gateway.
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