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This invention is directedPBTEPER FRREAD) SPERTRYY t GATEWAY ANTENNAS o net hod
executed by sane, for allocating comunications 25 traffic through a
plurality of _satellites of a constellation of low earth orbit
satellites. Eafh of the plurality of satellites is oriented, at any
given time when  FIELD QF TWB{INVENTION: station, at a particular elevation
angl e. The net hod corrpri ses the steps of (a) providing each 30 of the

plurality of satel lﬁ& giér? Cexl'evfartefso in general to repeater-based

communication systens.
10
o) NTION:

Satellite-based communications systems are well are

represented in the prior art. By example, reference is made
1s to U.S. Patent No. 5,303,286, which issued on April 12,

1994 to one of the inventors of this patent application,

and which is entitled "Wireless Telephone/Satellite Roaming

System¥, Reference is also made to the numerous U.S.

Patents, foreign patents, and other publications that are
20 of record in U.S. Patent 5,303,286.

SUMMARY OF THE INVENTION

This invention is directed to a communication system, and

25 to a method executed by same, for allocating communications
traffic, through a plurality of satellites of a
constellation of low earth orbit satellites. Each of the
plurality of satellites is oriented', at any given time when
in view of a ground station, at a particular elevation

30 angle. The method comprises the steps of (a) providing each
of the plurality of satellites with a receiver for
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+2 recei ving conmuni cation links fromthe ground station and a
‘transmitter for transmtting received comruni cation |inks to user
termnals; (b) in response to a request for service, determning if a
_hi ghest el evation angl e satellite 5 can be assigned a new ons
Tink; (c) if YOPEISE  assigning a new communication Iink té’wgﬁﬁ%%est
el evati on angl e satellite; (d) if no, dekermning if a second highest
el evation angle satellite can be assigned a new -~ comuni cations |ink;

and (e) if yes, asgiepeiingng conmuticadihamildaksofronithe grounds statdon gnést

el evation angle g tf&ﬁ&hitﬁ& f&tﬁraml&lmﬁ Pedd ived! ¢ém&iicfaﬁﬂ links
1 ONn I N (0]

tellit b t
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if a satel |l i t seranickes m:miadng if\a bdghust aievatibn rdngl"e)satellite
exanpl e, each t RanS P RATWale | G f
determning i f(g':he assom at e sat elﬁnl te, hggﬁﬂ rogigdyli en aSSI geg

predet er ni ned naxi ASFAFHIBE 2 SV commIRiRAtLON éhnqu'ﬂ(&he/ﬂjﬁi‘w 6}&Nﬁlté°n
each of the steps @hgle satelEivE;ni(a)y hfiynogaqbterminiiny Afsd afecnd highest

determning if the etlhafatggﬁomag%ig S%ta@elﬂﬁe' S cta;‘anw tt&s%g.#;eldfr Qeahe‘t”o

a power | evel orresp I mum peak Tl uX
the surface of thecommunications, mwcéxa#ﬁﬂe(e)t icfans%. ZBSSéIGPéF% r'PeanY’ a
given satel ity i s domwaniichtioy Binlortactiie secori&lﬂ'xig‘h&hﬂ klevationcahgle

~transmt power. é%telflﬂﬁehel{l't “Etg%ﬁk? tlhg,glge? gsseac{: cﬁ;ilwscgan

satellite will be SOITE
predet er mi ned peri (h? empipned tzmtransmilﬁ ﬁhﬁrmwaﬁi@néxﬂﬂm NEBY
of this invention ea¢hinal. satellite transmts a plurality of beans to the
earth. Thus, and in accordance with a further enbodi nent of the

nmet hod, each of t he steps of determ ning may each include 35 = a step of
determning 3% a Aoewmbey Wi cnitenta eam be emplayednivadeterminkngodfdabe

assigned is operatiga¢edtii®e can be aﬂ@i&ﬁé&gz5§ew comnumcation link. For

bredet erm ned poneXFBPE; BHCh OF ERRSFFPRF Rf fetiruining AY SAgh, ipsiune
| evel that correspendstem efnsietermiping if the associated satellite has

already been assigned a predetermined maximum number of

20 communication links. Also by example, each of the steps of
determining may each include a step of determining if the
associated satellite is transmitting at or near to a power
level that corresponds to a maximum peak flux density at
the surface of the earth. Further by example, it can be

25 determined if a given satellite is transmitting at or near
the satellite's peak transmit power. A  further
determination can be based on which satellite will be in
view of both the user ant:ij'- the gateway for some
predetermined period of time.

30
In a presently preferred embodlment of this invention each
satellite transmits a plurality of beams to the earth.
Thus, and in accordance with afgﬁprther embodiment of the
method, each of the steps of determining may each include

35 a step of determining if ai-'_b:eam to which the new
communication link would be assigned is operating at a



flux densi ty. 5 The use of various conbinations of the foregoing

-Criteria can al so be enpl oyed when assigning satellites for new or
-handof f communi cat i ons. Further in accordance with a presently
preferred enbodi nent 10 of -this invention each of -the steps of assigning
I n¢cl ude “the further steps of: (i) determning if the c | L on
Tink is to bVQMEPZII%d in a giversigy)reception ngde at thquyﬁg&ﬁ&ﬁ&?
corresponding user's termnal; (ii) if yes, dﬁternining i f at | east
one next |ower elevation angle satellite can be 15 assigned a new

conmuni cat i ons i Eﬁéxﬂﬁdm(ﬂﬁéd)eﬂe&m‘iﬁﬁd vt leveldsed ﬁ@i Efandifitting at or
comuni cation link_to the pe evat. sat s

that the communi caPPBh Pf’ ng é&w&?}'\gé%?lwqqagj.ne%o&iﬁ‘e%%ggﬁgbﬁfs eﬁl’{‘ é"glﬁgﬁgglf
| east two of the fluxsdersit¥es. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGS The above set forth and other features of the invention

d . . ; i . . f ) h
Fventi on whenS eaBBRHORS, OF, PaH i, SPHb IR ELPER 7 £he ForBupffiy er feeria"®
whergi n: Fi ganlalso bhecimplioygdawheh assigning tsatsidhitescioronewyerem

that is construct egapldrfPEémindtiddtidng0r dance with a 30 presently
preferred enbodi nent of this 1nvention; Fig. 2 is a block diagram of

one of the gateways of Fig. 1; Fig. 3Ais a block diagramof the
comuni cat i ons payFarthet iibaccordande miithsatptdsentdyopréferrell embodiment \\O

96/ 39756 Gl £ s a
4 Fig. %g i I?ﬁsﬁ%tsegnge%%%?? o?laco qﬁle éD QJ ?&%'?ég{drl‘% include

(;%T att gr n
transnitted from oRBeofurthex steps pfs k) gleferpining if the communication
link is to be operated in a diversity reception mode at the

corresponding user's terminal; (ii) if yes, determining if
at least one next lower elevation angle satellite can be
15 assigned a new communications link; and (iii) if yes, also
assigning the communication .link to the next lower
elevation angle satellite such that the communication link
is simultaneocusly established through at least two of the
satellites.
20
BRIEF DESCRIPTYON OF THE DRAWINGS

The above set forth and other features of the invention are
made more apparent in the ensuing Detailed Description of

25 the Invention when read in conj'unction with the attached
Drawings, wherein:

Fig. 1 is block diagram of a satéllite communication system
that is constructed and operaj:ed in accordance with a
30 presently preferred embodiment of this invention;

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

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



Fib. 4 is a block diagramthat depicts the ground equi pnent 5 support of

.satellite telenmetry and control functions; Fig. 5 is block diagram
-of the CDMA sub-system of Fi'g. 2; Fig. 6 is a sinplified system

bl ock .di agram that is useful 10 inillustrating the teaching of this

I nvention; and Fig. 7..is a logic flow diagramthat il] rat a
‘met hod of w%%@"’f’a?fi ng communi cation traffic in accordancepﬁ’ﬁ’ﬁfq‘ﬁ% _

i nvention. 15 DETAI LED DESCRI PT,] ON OF THE | NVENTI ON

Fig. 1illustrates a presently preferred enbodi nent of a satellite

corr}rmni cgt i ?ﬂr; 3_yst eMid0 3ghallueteutbsbhcpdrtidis 0f28he Bohl pdetahenat! is
preferred enbodi me i t : c thjs

i nvention in detai P‘F’r%sd&ei?gr%fip?l}%ﬁ biid sti?re ??ffg?iggg%aég%wl hi;'

comuni cation system 10 so t hat a nore conpl ete understandi ng my be

had of the present pig. 4 Dyeblock dbagran that depivtl thle gAouAd Séfiiiiphentny

& Sogmont /51" Sapnges; o EpfSasER e useted) phi o 3??2%%@?%%%@ 2

user segment, segnent 3 as a ground (terrestrial) segnent, and segnent

4 as a telephone syg{gemg Ris RIbeKCEYAGraRIE the COMA sublside’ 66 ¥Yg.Y 2;

preferred enbodi men?i%f t%s |§nventio§r there ar esa t%%al of 48 td !

satellites in, by exanple, a 1414 km Low Earth Obit (LEOQ. The

satellites 12 are dFfigriehibsea Simplifien glysteribladk diagrannwthatsix useful

equal | y-spacedqgate}li sper t ' .

orbital pl aneslgre Lh | { Bfustrat iR ta%eg%%%%g& ERDS! ShiBht fEH; i
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inclined at 52 degrebg. W ih 4 Axpded flowtdiagrpmathat aikiwestntates a method of

satellite conpl etes : ' 1 ' e I s
a%%&oﬁiafg{ e%ﬁmy f et ohl ¢rAeBYE C$n -S.P:E%rdance with this

approach provides af 1 -earth coverage w th,
nvention.

15
ETATLED DESCRIPTION OF THE I 1

Fig. 1 illustrates a presently preferred embodiment of a
. satellite communication sysfem 10 that is suitable for use
20 with the presently preferred embodiment of this invention.
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.
25
The communications system 10 may be conceptually. sub~
divided into a plurality of segments 1, 2, 3 and 4. Segment
1 is referred to herein as a space segment, segment 2 as a
user segment, segment 3 as a ground (terrestrial) segment,
30 and segment 4 as a telephone system infrastructure segment.

In the presently preferred embodiment of this invention
there are a total of 48 satellites in, by example, a 1414
km Low EBarth Orbit (LEO). The satellites 12 are distributed
- 35 in eight orbital planes with six equally-spaced satellites
per plane (Walker constellation). The orbital planes are



préferably, at least two satellites in view at any given 5 tinme

.froma particular user |ocation between about 70 degree south
‘| atitude and about 70 degree north |atitude. R As such, a user
is enabled to communicate to or fromnearly . any point on the
earth's surf n a gateway (GWN 18 cover
from ot her t’gﬂ%gé the earth's 10 surface (by- vvagéig?gg?'ﬁ:’(?&gSTK)
via one or m)re gateways 18 : andgone or nore of the satellites
12, possibly al so using o a portlon of the tel ephone
i nfrastructure seginelifted at 52 degrees witll riespeeteto aihd Byaaper rind ath
t he foregoing and p
represents but oneggﬁlg;l Eg’ite completéé arfl%%%n% éhQQ ?Le#{? elﬂ/%ﬁ%é%f [ g%us

system wi t hi n whi cRPPE@ach provides approximptglyr fuhlseanth Roveragey withd
use.* That is, the §$mferably, atsméﬁsf:lﬁwdieéﬁéﬁlﬂ:feé e aERLAkC ahiyO8iven

system are not cgnsty limiting sen
upon_the practice e from aZ(?ﬁrﬁllgugﬁﬁeHFegn ocatich “vetueen %) g‘fnw ng

now Wi th a descri ptiegneef sonthsjatitude and ebbut 70 degree nortly jatignde.

[ ndi vi dual "oncs. of L6 el Deate: L an (T ed gy munloate £o °’£ﬁ%‘§?§?ﬁ te
(Fig. 3B), provi de?"UnBBSPE'n"Bgﬁ% ?%%f‘g‘} (?n?“r ce within a gateyay, (Y S
spectrum (SS), codeoterageorarad ttpl @ractmms other points oiCDtMe earth's
techni que. Thegr i}%?trh&epr(ﬁire&&gdo@%@%ﬁ%h%QUSne or more gatewa¥s 18

simlar to the TI I nt'efi m St andard

St ati on-Base Stati &% CBHGaPFbPPF?W%‘t%&a&% tBﬁaImNbB%ss-iblY alsosysing

W deband Spread Spacportrionl bfl the Sysisptiont AnffirdsttuBbure segment 4. July
1993, al though other spread spectrum and CDVA t echni ques and
prot ocol s can be enpl oyed. The low eart’h orbits permt | ow powered fixed
or nobile Is isynotedc aki thiis point thatuthe aferegcinghandaensuings

12, 15 @esbraptibhcbrf ¢net 5p8temi 10 arggsﬁﬁﬂﬁdy Hitelope’ @ditable
WO 96/ 39756

S96/
6 enbodi menfTBPEARERY; RFnfi (ﬁ?mmggllg?§igg oY sg ‘8’?‘3&“ which the
repeater to recei véeachingumk athissinvention smgnalfipguc#se- Thatysispetbr

and/or data) from %pé&ﬁfibeagtﬂﬁis ot (‘Uhef é@ﬁﬂlﬁaicatlorg%ty%‘ﬁ%ﬁ dfe rﬁ:&ﬂ‘(:@f be

the received commui.ca’ LoN3hLALILS 1n 3 118061 dehudREHR" ehd SHSAS LB

20 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

25 each satellite (Fig. 3B), provides unbroken communications
via a spread spectrum (SS), cod__e 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

30 Wideband Spread Spectrum Cellular System® TIA/EIA/IS-~95,
July 1993, although other _s_p_read spectrum and CDMA

: ' techniques and protocols can he employed. '

. The low earth orbits permit low-powered fixed or mobile
35 user terminals 13 to communicate via the satellites 12,
each of which functions, in a presently preferred



the converted signal. That is, no on-board signal processing of a

. received communi cations traffic signal occurs, and the satellite 12

does not becone aware of any intelligence that a received or

transmtted communications 10 traffic signal may be conveying.

Furthernore, there need be“no direct comunication |ink or g&@ﬁ
rorEoss

‘between the sWPPYBEs 12. That is, each of the satel |
receives a signal only froma transmtter 156 |ocated in the user segment
2 or froma transmtter |ocated in the ground segnent 3, and

transnmits a signal embadiment of thiscdnventiouvat s@ledyt ias @e?b%gnmez
or to a receiver pep edts&att@irbaeihe & oA bhs3trarf 9 si 1u5(@ixcn

segnent 2 may i ncl ude a of es_of user 3 that
are adapted for corﬁﬁ:rﬁQ‘%‘#‘b / Pﬁgxij érc’ms%t‘é??’f t"é%mf?alTﬁg 8§e a
termnals 13 incl udmtemayextipl eonvert the precelved oémmliricatdonst praffic
fixed and nobilg I bu (o} Ny It?l-a
handhel d nobil e 2?{?’3 | O- tteaF' 3 fré@féﬂ&yv%nd] Enﬁoﬁ?ltﬁ%ﬁpt%b nsmit

r adi o- t el ephdiR® 18PNVREH ﬁ'§§§3 3 ngThehe Bvi RR M-boaxd; | |ignal
radi o-t el ephones 1ziﬁ:oélaaiugerot eamrmhivéa ohmandtatibhy traffpcowidndl
wth omi directi a n

comruni cation via gér}'géor rmryrng g}?ﬁ_ ﬁaég’@oité ci[z qoets Rbgzﬁggéﬂé)waﬁe °f fo¥ed

that the fixed radiidtelidgencesthat axeceiyed,or tranéma#eétqmnimtém&

This is advantpgeousrafifid ¥dignal may bereddvasrimg.eduction in interference
with a consequent 35 I ncrease in the nunber of users that can be

si mul t aneousl y serviced with one or nore of the satellites 12.
WO 96/ 39756 Furthermore, there need be no diegt copmpgieation link or

7 4 I't 'tf] Iurtilmm@%e@wéérattaaesﬂalenieésn 18l s Thatnas, beeamﬁl of the
use devi ces at inclu irc r _al so ni

conventional mannerS3%§ j& ﬁrzesgleﬂeg’l e lﬁcjzg'“ on"iys&g:f:guma trgnsmitter
Referring al sotio Rapatyy inhthesisert segment 2 08 fregm jgetransnittgraliosaged
operating in a fulljflyte grouma 8Bgm&E ™I fransnits a signal only to a

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

20 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 mohile user
terminals including, but not limited to, handheld mob.:lle

25 radio-telephones 14, vehicle mounted mobile radio-
telephones 15, paging/messaging-type devicgs 16, and fixed
raidio-telephones 14a. The user terminals 13 are preferably
provided with omnidirectional antennas 13a for
bidirectional communication via one or more of the

30 satellites 12.

It is noted that the fixed radio-telephones 14a may employ
a directional antenna. This is"'._ advantageous in that it
enables a reduction in interference with a consequent

35 increase in the number of users that can be simultaneously
serviced with one or more of the. satellites 12.



via, by example, L-band RF lIinks (uplink or return i nk 17b) and
- S-band RF links (downlink or forward link 17a) - t hrough return and )
+forward satellite transponders 12a and 12b respectivel y. The return
L band RF links 17b may operate within a frequency range of 1.61 G
to 1.625 GHz a bandwi dth of 16.5 Mz, and are nodul apggy 6;051{?,
“packeti zed woma‘{sal tal voice signals and/or data signals In a%ucor ance
15 wth the preferred spread spectrumtechnique. The forward S band
RF links 17a may operate within a frequency range of 2.485 GHz to

2.5 GHz, a bandw dit b fwrthepinotedcthat khel user tepminalssii mayabe dnad
modul ated at a gat a&eyd&s?weé hthat mdma&ebiiediargl t&t afxad:%oﬁmaﬂib&mg
and/ or data si gnav\i 20 anﬁgrdaice wi th pre g ect ARETI tecgg gue
The 16.5 M bandwiBt I oP¥WE d“?ai“ﬁ'ﬁr tHUA | SR a Y3
chammel s with up teysbemexanpl e, 128 users bei ng assi gned per
channel. The rgturn Iink may have various 25 bandw dths, and a gi ven user
termnal 13 may or " npt be . ass gned di fferent chan t han t he
chanhel assigned oﬁggzngn?hélFBr kar g"?r nR&s vBFer\AﬁéﬁmbB%f &t1hmay gﬁe
di versity recapablbe ofcipearatiing iptairfulll duplexceode rend bonmnnd)cate

nore satellites 12 E’Y %g‘raﬂlgisatel Pgﬁg RR€1SARE f(%w °§0 ?igin

| i nk RF channel for eéc %round S
i ncl udes at |east &AR) pandg&vbard) Walinks (FPWpdink ot Pﬁﬂaﬁﬁtégﬂ’?sllﬁ)
t hat communi cage wthbouigh return saidalﬁdrtms-dlﬂatenlibq trampondessl 1kh and

W%ﬁm“ﬁ%%&ﬁﬁ¥”% SRt o “phil, B, LirieeDaz Chidy”
WO 96/ 39756 operate within a requency range p@Tp.Uggaq&mml 625 GHz,
8 frequenci gspaagiath Yo he\s BH :ﬁnmr ﬂBﬂﬁﬁbtdd iwithpabketized

band. The C-band bi,- d t t
foeder 11nks, and SRGHERSnYByoE.AIonRIs and/Sf iRka, Hiopals 4R oarEpFARRES
and tel enet ry ¥5nf owithi thef poeferred aplreada'e"pebtm té’d:tm:lfquammuef ﬁeziward

lrla'?lljr ﬁg?egggr OF?L?E%&% RE nnkgerba?%t eB| &&g ﬁi;tlﬁnzﬁ ﬁ:&?‘ 0 5
GHz. The sﬁtﬁ??l?ézf%‘g%rs Eﬁﬁk %rﬁ’é’ﬁi‘f’%"‘?‘z ahge g %orwa

RF links 17a are also modulated at a gateway 18 with
packetized digital voice signals and/or data signals in
20 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
25 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 i’fbperating in the diversity
reception mode on the return link (receiving from two or
more satellites 12), the user is. assigned the same forward
30 and return link RF channel for éach of the satellites.

- The ground segment 3 includes at;_';least one but generally a

plurality of the gateways 18 that communicate with the
. satellites 12 via, by example, a full duplex C band RF 1link

35 19 (forward link 19a (to the satellite)}, return link 19b
(from the satellite)) that operates within a range of



10 preferably wi de coverage antennas that subtend a maxi num earth
.coverage area as seen fromthe LEO satellite 12. In the presently
‘preferred enbodi nent of the commrunication system 10 the angl e
subtended froma given LEO satellite 12 (assum ng 10[ ERR] el evation
angles fromthe earth's surfdace) is 15 approxi watel y 110] |
yields a covewgdg/”z"ﬁ%e that is approximately 3600 m |l és 1 n dianeter.
The L-band and the S-band antennas are nulti pge beam ant ennas that
provide coverage wthin an associated 20 terrestrial service region.
The L-band and S- bafreqaehebessyenerallj?dbane I BHz apdpprefexably dmethe C-

preferably congruepaniit h ohe c-ﬂgﬁ%aﬁ?t R ;,ksagﬁdaﬂfgéﬁﬁoﬁ?lﬂv Jeonvey

is, the transmt ag receiv eans, from the_spacecraft “cover the, sanme
ar ea on the &Ssmppnication  cFeeder; nbinlis ndRd 1 &4EH CPRVEY Sabellite
critical to the opeohimafdsotottite Wwtiellitks and telditetary cirformationVveren

t housand full pl C ' | O u |
the satelli tes%ljZ. q-1>§‘r? Q%T%%%'dg%gefﬁr?g?é %ceégé.l%r é’go ?ﬂ%%ﬂ@%’%g J?Iwo
or nore 30 sat el lEheeBand ©fy§y GHE kP dordde fHE halidee thennetnpafesder 1ink

between a given usaiby faY Spérdee Ay tHee vanhat B 98 P5vasHz to 7.095 &hss node
of operation, as described 1n detail bel ow, t hus provides for

di versity conbining at the respective receivers, |leading to an
i ncreased resi st an@het osatelhitenfe@iier f 3inki tantenpast hd2gi mndndizhat axm

of a soft handofdreterabPy Oﬁfdéréovera?e antennas that subtend a maximum
9 It is point out that all of th

I e frequenci bandw_dt hs
and the |ike that SAECHcCRVRERGE fAFeR As, BPencEFem e Top sateldra iz- Jn
particul ar system theh@resesdyneprefexnddbentiodiment opff theusonmunicayide
exanpl €, the ooy opcro RHe ENBLE subterdud B th oL U3VEH LA Aataliite 12
use frequencies  (3SFURLRG P O?L%Ya{]m ﬁgeﬁ%%pﬁ?ﬁ%%ﬁvagebr@t 0
appr oxi mat el y 157 @pproximately ex20hl eThisheyiddds lzanebveraden pporexi thetel is 10
Gz to approxi mte'&p}éxﬁa@eﬂ 4660 K ake .maaﬁaﬁ@é&'.e approxi mately 15

GHz) .

The IL-band and the - S~-band antennas are multiple bean
antennas that provide coverage within an associated

20 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
and receive beams from the spacecraft cover the same area
on the earth's ‘surface, although this feature is not

25 critical to the operation of the system 10.

As an example, several thousand full duplex communications
may occur through a given one. of the satellites 12. In
accordance with a feature of the system 10, two or more

30 satellites 12 may each c.onve'_yi the same communication
between a given user terminal 13 and one of the gateways
18. This mode of operation, as ;di_ascribed in detail below,
thus provides for diversity combining at the respective
receivers, leading to an increased resistance to fading and

35 facilitating the implementation of a soft handoff
procedure. '



Thé gateways 18 function to couple the comruni cations payl oad or
-transponders 12a and 12b (Fig. 3A) of the satel liteg=rat |

‘tel ephone infrastructure segnent 4. 15 The transponders @g %L‘IM BEEN
i ncl ude an L-band receive antenna 12c, S-band trangnmit aREREMEDL2,
C- band power

lifier 12e, C-band | ow noise anplifier : d

‘ant ennas 12g wRJe4 , L band to C band frequency ‘conversion é@fmsggg%??on
12i, and C band to S band frequency conversiog 20 section 12j. The
satellite 12 al so includes a naster frequency generator 12k and
commalnd agd L eljerretxty :S'Leqpbmﬁm out thbtlall of tt;aefﬁqim‘xﬁ:iie;s,t H@dﬁg&hl g
may al so be had to U a . r | e
C. A Tsao, entitl 3§d thg i%ﬁ%i&%‘t %m?u%ﬁlé%ghgén ere%étagﬁ %e %:eslgév%&g.ge
(USSN 08/ 060, 2E7put one particudarcpystami nOtherrfxeqnenciaemmnd bands
KICGTD'H ie?PEwo tewaEr é:ﬁili@wlﬁa? Isaaisa&waaﬁhw@huﬁgs Hhbine dz&@ﬁ:i&;ﬂlés: e

wor ga S ...loca ephone _exchanges su as_regqi,ona
public tel ephorfe ng'VFy%éFk ?WdZZ%ﬁ g‘fﬂef‘me eﬁ@?ﬁ?'té&?ph%ﬁﬁaﬁ’éra‘iiegs
provi dgr s, donesti bekwegndihe gateways ang \hheksatzen,lijhasemag_tumgﬁremtemihs
26, private netvorigh 28 piha 2Rflee! ean TS ciBlandab0rBUThEELIP S S ERECED

10 operates to rovi idirectignal valce n ata conmmuni cation
VD 96/ 39756 approximately 7  GHz), for peyampe o3%he Ku  band
10 bet ween t{apprrezrimaesiyr o 25k ded’ ipproxdmatebgd1ifeCHphooe the Ka
Net wor k (PSTN)lot el ?BQ&”Zﬁbé@e MoTojy (oY gkegﬁgp_es 32 of t he

t el ephone i nfrastructure segne 4, or other user termnals of

vari ous types, which may be private networks. 5 ° Al so shown in Fig. 1

(and also in Fig. fhe ajatewagst 18 €unction tite esuplyl tRENBUmmhnichtdons
Gper at | ons Cont ol PRIEOAR Yr tranguiidlls (35K hnd ol (B VAT, ot the
i ncl udes a Ground sagelpites N2 kP kthecbalephone (infragtyucktpre seopesti ded
for i nt gisconphet itianshendersvaga khanky Gicilffe ACE-BAndNteceive
GOCC 38 of the gr Ogg e%rexg n%.gtc ,3'5-—Lhaln% pt?;[atrlxscl)n tOf_a&tré%na 12d, C-band power
amplifier 12e, C-band 1low nd'ise amplifier 12f, cC-band

antennas 12g and 12h, L band to C band freguency conversion

section 12i, and C band toc S 5and frequency conversion

20 section 12j. The satellite 12 also includes a master

frequency generator 12k and command and telemetry equipment

121.

_ Reference in this regard may also be had to U.S. Patent No.

25 , by E. Hirshfield and C.A. Tsao, entitled
"Mobile Communications Saﬁellite Payload% (USSN
08/060,207) .

The telephone infrastructure segment 4 is comprised of

30 existing telephone systems and includes Public Land Mobile
Network (PILMN) gateways 20, 1oca'1 telephone exchanges such

as regional public telephone networks (RPIN) 22 or other
local telephone service provide"_'i_-'s, domestic long distance

' networks 24, international netwéi;fks 26, private networks 28
35 and other RPTNs 30. The communiéétion system 10 operates to

provide bidirectional voice and/or data communication
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comuni cati ons system 10 provi des overal | system control functi ons.

. 15 Fig. 2 shows one of the gateways |8 in greater detail. Each
"gateway 18 includes up to four dual polarization RF C band
sub-systens each conprising a dish antenna 40, antenna driver 42 and
pedestal 42a, se receivers 44, and 20 hi gh power 1L 46
Al'l of these Ygﬁﬂaﬁg%ts may be | ocated within a radonﬁﬂﬁ%&e to
provi de environnent al protection. 10 The gateway 18 further

i ncl udes down converters 48“and up 25 converters 50 for processing the
recei ved and transripétwetbn the  uSisrc segmentsigandsPubkixpauwitatied Telephone

Sub- System 52“%‘*’%’4“?ngﬁ'ﬁ%fé%f%%f?éﬁéﬁ%%ﬂ%*@ tPafhotf 52 of
Tel ephone Net wor k (ﬁ@l’hﬂ‘eimﬁ P@!‘Rﬁﬁ‘i@‘#’éﬂ:esm% ﬂn o) other| &ger
the PSTN coul d be byafsivad sbyf Wearibusityplist, ewhich may be Sk ivatd hdtwdiks.

The CDVA sub- sy$tem 52 includes a signal sumrer/switch unit 52a,. a

Gat eway Transce ve;AgJ;)system (giS) 512b a GIS 3-’3'4: (iCont;]oI | er SZCma CDVA
| nt er connect Subsy @bowp trdPig. (and alse|iniFig.BAhk s \pAxiqreps)
gé% U'ggg/ gg'%’?be' the groundV\Qe%ﬁ( 75.'ﬁt isl 2 dSate111te 0petratlons Control

i,s control|e

(BSM 821" and GRS HOGCY” 26imARE, 2o FRPHRY PERSARIGNR. AfHERn CPHEPE:
exanpl e, an 1S-95 ctﬁﬁ%ﬁ)l [A8s) Abmmpabnonmmmhm -includesy at @nosnd

al so includes jge rmarﬁdt%ﬂeuq&@u%syﬁ hngéermgg -ﬂﬁZgl@n foﬁ&@&" for
Posi ti oning System yer I nterflace 5

rece
i ncl udes a PSTN Ser{ch’é?%“FE 1’%.?\‘?3 9ate‘(’é’§3)18535§ TR 38 "borﬁq(iﬂ 36 and
Processor -(CCP) 54ksoGe \VB8i bfir the gtowad i segient s8er ThYsR)partciomndfa the

P oeated o rAc é?‘?“"t ‘%%ﬁa&?g?s PEEiiCgh! fRoviits w“@‘?& eyt ddRcrer
PSTN i nterface 54. functions.
15

Fig. 2 shows one of the gateways 18 in greater detail. Each
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 noj.se receivers 44, and

20 high power amplifiers 46. All of these components may be
located within a radome structure to provide environmental
protection.

The gateway 18 further includes down converters 48 and up

25 converters 50 for processing the received and transmitted
RF carrier signals, respectively. The down converters 48
and.the up converters 50 are coxinected to a CDMA sub-systenm
52 which, in turn, is couplqﬁ to the Public Switched
Telephone Network (PSTN) though-f.a PSTN interface 54. As an

30 option, the PSTN could be bypassed by using satellite-to-
satellite links. '

The CDMA sub-system 52 includes a signal summer/switch unit

52a, a Gateway Transceiver Subsystem (GTS) 52b, a GTS
35 Ccontroller 52c, a CDMA Interconnect Subsystem (CIS) 524,

and a Selector Bank Subsystem (SBS) 52e. The CDMA sub-



The gateway 18 is connected to tel ecommunication networks 15 t hrough a
‘standard interface nmade through the SSP 54a. The gateway 18 provi des
“an interface, and connects to the PSTN via Primary Rate Interface
(PRI). The gateway 18 is further capabl e of .providing a direct -
connection t Sw tching Center (MSC). 20 y 18
provi des SS- %6%#4 xed signalling to the - CCP 54b. mﬁ%mw
gateway-side of this interface, the CCP 54b interfaces with the C'S
52d and hence to the CDVA sub- system 53‘ The CCP 54b provi des

pr ot ocol translatlefseém szfygqsémiﬁd eaaaaieegté«tiohrm{atg’a‘xe Balg) .52¢
whi ch may be E'o th | S-95 Interi rQ'ndar

communi cat i ons. 5’ RQSS B MRy b’?ﬁﬁﬁ %01”8@%? dPr R
between 30 the getmﬂp.l&mﬁa-@ﬁ Gmnpahéble)eIhaﬁealsuamiophoﬁbencmbrﬁuh-

that is conpati b' eg ¥§'E§m @ﬁaanbs iﬂbiﬁﬂéé‘%ﬂété&uiﬁ&i tﬁ'equen YhtRBsizer
St andard, AMPS he GSM ean

St ens
and, in partic Iar 529 ang, @ %:1"“?1%? rﬁ*ﬁt%r(qﬁﬂdﬂﬁel?’ﬁﬁn%?

that I's, users who place 35 cal | s outside of their honme system The

gateway 18 Support-ﬁwsgmgggges&nﬂ AENRL G0 ddibvive boiedl A

phones and .
PCT/ US96/ 03354 (SsP) S54a, a Call Control Proceggor (CCP_)fﬁﬂbsygtgjﬁ:g_@zr_;SM

phones. I n servi ceLesgbtonRegdsttear {VLR) S4c, mwipﬁdmol interface 544

el ecommuni caghonseb il iild Yot on RetBaR mry . a5 HIHPUalOnb" ToSREEY

18 and interfaced w ng | ace.

user nmeking a cal Iibuﬁhﬁ)PetlﬂéléﬁgaﬁreﬁéYn%ﬂ Figyi tk %Feepptlonalé-&:réanﬁﬁ

I s accommodat ed bypghe tdrdack) s4f, aut hori zed. In that a roaner may
be found in any environnent, a user may enploy the same term nal

equi pnent to nake a call from 10 anywhere in the world, and the
necessary prot ocofhe gatewaynigr disogonnecteddeo tteimmmipptbynt hetwerks\ay

18. The 18" Ot €kAbu Gs*l/lﬂtaeﬁﬁaﬁ&aEAdlhﬁemﬁﬁdeV@ﬁPo €1R0\$SPCE4h 0 The

tC gg\éﬁr; 9 g%’ ,? ﬁ?gplﬁ ’é?ﬁ‘ﬁyoﬁ%t Brovides an .m‘l:e::'flasc:'ze\:vI L connec%coq'.e %Letpsﬁm

via Primary Rate Interface (PRI). The gateway 18 is further
capable of providing a direct connection to a Mobile
Switching Center (MSC).
20
The gateway 18 provides S8S-7 ISDN fixed signalling to the
CCP S54b. On the gateway-side of this interface, the CCP 54b
interfaces with the CIS 52d and hence to the CDMA sub-
system 52. The CCP 54b provides protocol translation
25 functions for the system Air Interface (AI), which may be.
similar to the Is8-95 Inte_i‘im Standard. for CDMA
communications.

Blocks 54c and 54d generally provide an interface between
30 the gateway 18 and an external cellular telephone network
that is compatible, for example, with the IS-41 (North
American Standard, AMPS) or thé’; GSM (European Standard,
MAP) cellular systems and, in particular, to the specified
methods for handling roamers, that is, users who place
35 calls outside of their home system. The gateway 18 supports
user terminal authentication for system 10/AMPS phones and



provi de a dedi cated, universal interface to the cellular gat eways 20,
~in addition to or in place of the conventional "A" interface
"specified for GSM nobile switching centers and vendor-proprietary
interfaces to |S-41 nobile:swtching 20 centers. It is further within
the scope of this invention to provide an interface d t he
"PSTN, as i ndiV¥QpuIPp7s6 in Fig. 1 as the signal path desi gkéfw
Overal|l gateway control is provided by the gajegway 25 controller 56

whi ch includes an interface 56a to the above- “mentioned G ound Data
Net work (GDN) 39 argbmmystesr fofesGhones. {In seffelve carddsowhere €hereolis

Center (SPCC) 60. &&Hﬁ{ 6 g@@q{_
i nterconnected to }Eﬁ ais%%ﬁ higlec i‘rﬂgh:‘%né ihBS ané tﬁr Ol}}Lﬁ ﬁﬁn
control lers 43 30 53845’6 %ﬂmet [FatewRY R~ I‘?é‘dar'ft“&ﬁﬁﬁécﬂ‘& with 'E;B fay?
control ler 56 is fwigmlldagpinterface.dat abase 62, such as a dat abase
of users, sateIEJ‘ite epherreri's data etc., and to an 1 /0 unit 64 that
enabl es servi cé personnel to: access to the gateway controller 56.
The GDN 39 is al so %Qserbmi%tﬂ SR gut et rthe agerds nonmadsexryigejarea

Command (T&C) (@ iroahér) Figaccbnibdated by the sys’é\Qng.ﬁi 3&7 Eﬁthorized.

Fo g the Tancti & dhat,2 EoAmenguay by foupd i any envircrmeht, '8 hes

utilization by the mpyt enploylthe smpe termipaleguiipment toimake id icaddi Syom
wWith the SOCC135. |dhywher@enghal théhewm 38amdal pfes ﬂe@%&gﬁrygeﬁébébéﬁl
traffic pl ans, aIIocates sat el 12’ and s tem resour

hs- but not | [t oPaTySTEinEE ARh Made uenepPoeltis Ly the dataupy; db: The
per formance of the mnet:osuoll syterface, 54ddis bypassedswhen | notat regquired to
i nstructions, vi a vg;m 3Py bfahie,l s mpBg. 18 in real tine or in

advance. §6 oper ates o maintain and nonitor orbits, to
relay satellite usage |nfor_rrat|on to the gateway for input to the GOCC
38 via the CD539, Ito isowithin tthe scepaldf the téarm:irig)n‘fngaié isweintion to

satellite 12, | nC:Q"gﬂ!oQﬂdteh‘i %feakeae d, un.’hx'r tﬁlée'z-r.‘-;ﬁcéa{-.{ie{:héseeﬂuiﬁi
the gain for the le fsat Ite to ensure
opti mum satellite gateways 20, in addlt on to ‘'or in place of the conventional

AP interface specified for GSM mobile switching centers
and vendor-proprietary interfaces to IS~41 mobile switching

20 centers. It is further within the scope of this invention
to provide an interface directly to the PSTN, as indicated
in Fig. 1 as the signal path designated PSTN-INT.

Overall gateway control is provided by the gateway

25 controller 56 which includes an interface 56a to the above-
mentioned Ground Data Network (GDN) 39 and an interface 56b
to a éervic_e Provider Control c_é_nter (SPCC) 60. The gateway
controller 56 is generally inteifConnected to the gateway 18
through the  BSM 52f and ti_ii:ough RF controllers 43

30 associated with each of the }-E'_antennas 40. The gateway
controller 56 is further couple}i to a database 62, such as
a database of users, satellite é_bhemeris data, etc., and to
an I/0 unit 64 that enables service personnel to gain
access to the gateway controller 56. The GDN 39 is also

35 bidirectionally interfaced to a i‘elemetry and Command (T&C)
unit 66 (Figs. 1 and 4).



orientation with respect to the surface of the earth, in addition to
‘ot her functions. 20 As descri bed above, each gateway 18 functions to

" connect a given user to the PSTN for both signalling, voice and/or
data communi cations and aliso-to generate data, vi‘a--database 62 (Fig.
22) , for billg oses. Sel ected gateways 18 25 incl udecuksisasl 'y
and Command ﬁmﬁ? 18a for receiving telenetry data that 1Is
transmtted by the satellites 12 over tRhg return link 19b and for
transmtting commands up to the satellites 12 via the forward |ink
19a. The GDN 39 operates to interconnect the gateways 18, GOCC 30 38
and the SOCC 36.  peterridy 457Fig! - 4, Pt 8hstidd Bl endl code alaEQS _to plan

constel |l ati on gerat s tor

t1on omthe g
the PPN KM L saups"&m B, eIORERRAYS 18, Fna
and'to relay infortmt lmrﬁlinatéhethmrmtuamhm@atms the socd L3bandn

return link 17p t-o &%d rﬁ{é”@oéé ”Eslgﬂhy@é Sﬁrends, ge)(&g@éggzgtsffic

PCT/ US96/ 03354
i ncl'udes SS- CDVA sgmommqm%mqﬁ@iﬁg 12 andcgyphensreseurces t (sueh o

power control signgs. ﬁ@rn@usnmiteacew pswé@tan&haaaﬁhél HE!ocai:féhs)be
used to noni t or ﬁeeren e _on ite

epheneri s 5 upa’&?’éﬂ%faﬁsa aPgd 8’5%%%? 03% g%vao oggfﬁﬁif %Yﬁ§ea\s &0, a
termnals 13, fronissregatidizatdon instmotions)i véa the GDN 3mhe to the

satel lites 123l sogdteipdysPist An' Hedl Sifl82bt1 {19 advandelf or mation fromthe
user termnals 13 to the gateway 18, i ncl udi ng access requests, power .

change requests, and 10 registration requests. The satellites 12
also relay Them80Ce a36 ooperghes sthenakntairh aand anenitior t debifs evtay s

18, and may apply 'sE)(:eﬁ.Qi’Ebt hga5e iH’f’dH’é‘Ert eg%% gateway 569 input

oper ation, the satellites t ransm acecra metr

i ncl udes measurema?f? s"%? QQFEI 38 cvia the,EPH; B8nato Monifer the overall
telemetry stifam fdnctnioning of eahi adteladtet b2, ci)mmiﬁuj ree t SieatsOcE

36 and the c.%.ggrg%% S qﬁwﬁ{ n

antennas 12g and 1 a&%g'gebgg?gﬁieé ngé %% é‘ﬁé %Q %Jgjl%‘aa]t he

recei ved satellit Pt h} 3 %Se te 12, to ensure optlmum satellite
orientation with respect to the surface of the earth, in

addition to other functions.

20
As described above, each gateway 18 functions to connect a |
given user to the PSTN for both signalling, voice and/or
data coﬁmtnications and also to generate data, via database
62 (Fig. 2), for billing purposes. Selected gateways 18

25 . include a Telemetry and Command Unit (TCU) 18a for
receiving telemetry data that is transmitted by the
satellites 12 over the return link 19b and for transmitting
commands up to the satellites 12 via the forward link 19a.
The GDN 39 operates to interconnect the gateways 18, GOCC

30 38 and the socc 3s.

. In general, each satellite 12 of the LEO constellation
operates to relay information from the gateways 18 to the

' users (C band forward link 19a to S band forward link 17a),
35 and to relay information from the users to the gateways 18

(L band return link 17b to C band return link 19b). This



f or war ded i medi ately to the SOCC 36, or the telenetry data may be
. stored and subsequently forwarded to the SOCC 36 at a later tine,
‘typically upon SOCC request. The telenetry data, whether transmtted

i medi ately or stored and ..25 subsequently forwarded, is sent over 'the GDN

39 as packet sages each packet nessage contai ni ng ﬁd&w nor
telemetry fraﬁ@%@ﬂ |'d nore than one SOCC 36 be providing satellite

support, the telenetry data is routed to all »4 the SOCCs. 30
The SOCC 36 has several interface functions with the GOCC . 38. One
interface function imfmtiq;bsinchwemfmrsymhronMQtém ahd pacings

provi des orbital i rélﬁrﬂlﬂlé)n 4w é&@it:.on Wit Setrid¥ts Rifell sJavavd¥vukd
can accurately tra 35tofo II|test at ng’ybe I%VIGWOf trtl_'e

gateway. This ‘ER.WE |P1H"Efdes 2bMBY  R4E%r PR ufiaed e + FORATESE
t he WO 96/ iftExference on the forward link. Satellite ephemneris
PCT/ US96/ 03354 5 ypadlal cda¥s 48 tarf@vs%x;f&ﬁe&we&%w e ERD! BSer

lists, u5|ng kr‘van al gorithns IS not require
known't he gateway t%erNSdeddFen. t’Tﬁ@’l"ﬁ‘FR&%eéﬁéhE@e sate]tlﬁé:es 12.
downl i nk tel enetry fgnd swémrltqselyzl ddsbi f fanction Tosarelayt esigmalding

tracked by each ant | LaRad N.Qf ,.CO

Anot her interface f%l"]% S sa fe"h? lgt us |?#orgn% |8§ Q@qﬂﬁ?"’tay 18,
reported fromthe Sas3whing M@emessestsmemersa@m»gq erequests s and
i nformation 10nC|:b5§?fstraﬁ1®rh reque§ﬁ£.6| |PHee/ tdmanender pyaidad | irelay

battery status and ar hi o] n ge

any - satellite- ?%rgqu j‘%n[ s[']ﬁ onggt hgfuélé}g ?p%r‘é%) g?%et%s%a%%%&s
all or a portion ofl& s&ndman @PPiyfs ﬁcm#mmq:mtésgt%upwﬁm@ ed use.
An inportant aspect of the system 10 is the use of SS-CDVA I n

the user term nal riteqRAratigh, o, Hley stfelttam 43 | Erahfith eqraperatt
mtigate the eldecteelsmetay ndats that dngitudes ameasuramenm atersatt@ﬂ-rhin&I S
13 or the gateway Jé’peraticfrfa‘lm Bddtul.c Thee! ltehanety¢’ Eerbhil €£288 the
different path sateﬁ%z %s Raggereggﬁ/a%rdsé | rgnhe 1gj_‘ser term QEJ S 1 a%g
t he ’ ’
communications feeder links 19 all share the C band
antennas 12g and 12h. For those gateways 18 that include a
20 TCU 18a the received satellite telemetry data may be
forwarded immediately to the SOCC 36, or the telemetry data
may be stored and subsequently forwarded to the SOCC 36 at
a later tiwme, typically upon SOCC request. The telemetry
data, whether transmitted immediately or stored and
25 subsequently forwarded, is sent over the GDN 39 as 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 S0CCs.
30
The SOCC 36 has several interface functions with the GoCC
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
35 to four satellites that may be in view of the gateway. This
data includes data tables that are sufficient to allow the



gait eways 18 are enployed to receive and conbine the signals 25 from

. multiple sources. As an exanple, a user term naI 13 or t he gat eway 18
“provi des diversity conbining for the forward ‘I'ink signals or the
return link signals that are si mul t aneousl y received from and
transmtted thro hthe # "nultiple beans of thé satellit
I'n this rega™P ¥ sclosure of U S. Patent No. 5,233,626, %&Y@gﬁ‘ed
August 3, 1993 to Stephen A. Anes and entitlgg "Repeater Diversity
Spread Spectrum Conmuni cati on Systent, - I'S incorporated by reference

herein in its entigetuway 1a to Hwveopf EhERPCOwA Ned el XITR! coreuetdLYsEs) ty
recepti-on node

PCT/ US96/ 03354  using %R 4163F1thms. The SofE 36 is not required, %o
that of receiving M@Wl%lgmghrmbing schedaxles|. | The ‘MG A8ar seanghes

}‘ur: hgrrm:e tﬂe(rje theNAoWhe kK| Elele:&etrfmmlt andi ﬁﬁiqﬁtéﬁy” Qdﬁmfeifiég ke
0S ue 0O S ow n ocKa r-ee or o er o ru 1 O
that have an gegié‘ée hsiog o?%?f@drogg rior %}?e Ehe

mul t'i ple, di rect i opmbpagat.bomasf 4dmpandsgi ven one of the gat eways 18
are capable of transmtting the forward link signal (gateway to user

term nal) through dlfferen beams f one or nore satel Ilées 12 to
support diversity An Eo’lr?b"r?ﬁq?(j’q Fl“? QR s gatgliife statup, nformation
omi di recti onal thatadscreportadd dromhthes@&oCCe3® rtal hk3 GOCENIBL  The

t hrough al | llgachégret%lell]\bf%bear& ca nl}% e "nfror’g,;m&@gr tegg{ﬂal

13. 15 ¥ 8 supports a transmtter ovver contro
function to addreSEaEPN\/i ﬁﬂ%‘éan%d&frsoa%b}ﬂ?%biﬂrocka tery ﬁmseaﬂ‘ﬂg

to address medi um bpbital firdamativhr vt faborporatess, i inl erendred ,onahpt h
the forward and re¥§£§ﬁk£8k§eﬂé§‘a 1%gutai;$888”éﬁaé x{%f&’ g&%glaaé%soagw

function is adjust
satellite round trPf all erga gprtion of a matelldde |3 Loregpupynicagionse
53f, Fig. 5) aperaparpusesl5 a block length that is related to vocoder
53g packet frames. An -opti mum.i nterl eaver length trades off a | onger
An important aspect of the system 10 is the use of SS-CDMA
in conjunction with diversity combining at the gateway
recéive:s and at the user terminal receivers. Diversity
20 combining is employed to mitigate the effects of fading as
- signals :arrive at the user terminals 13 or the gateway 18
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
25 from multiple sources. As an example, a user terminal 13 or
~ the gateway 18 provides diversity combining for the forward
link signals or the return 1link signals that are
simultaneously received from and transmitted through the
multiple beams of the satellite}s__ 12.
30 '
In this regard the disclosure of U.S. Patent No. 5,233,626,
- issued August 3, 1993 to Stephen A. Ames and entitled
"Repeater Diversity Spread Spectrum Communication System®,
is incorporated by reference herein in its entirety.
35 '
The performance in the continuous diversity reception mode



| engt h, and hence inproved error correction, at the expense of

-increasing the overall end-to-end delay. A preferred maxi mum
end-to-end delay is 150 nsec or |ess. This delay 30 i ncludes all del ays
i ncluding those due to the.received signal .al.ignnent performed by the
di versity conbiners vocoder 53g processing del ays, eaver
" 53d- 53f WQE3756 and the del ays of the Viter bi decoderkeﬁhgkﬂ@ﬁomn)
that forma portion of the CDVA sub- systen1521535 Fig. 5is a block
di agram of the forward |ink nodul ation WD 96/ 39756

PCT/ US96/ 03354 is superior to that of ‘receivihg one sx@ﬁil'ﬁnraﬁghhene

DR U YL 52 e elfe Ol i curenanipbT Wik 05 03 B8 4o

frequency agil e up- SO f e sumrer

switch bl ock 52a. municatépmhn;al&weneohinblbe(mey dyg cﬁtha@!@wﬁg%pso

input to 5 the lﬂl%@kaéaa from treed" dtnna@h&@t BﬂsM&QBnSGW%& Pahot
channel generates

db Thi
Gara - O°Str odin 1 S4UsRER,LAPRFE 10, it FeoHVBATIPEE < lsed (0 10 |

separate signals fromdifferent gateways 18 and different satellites

12. If used, the pigpal xplifApgk, | 8iF8Ek] éhad AdHfennas o0t Bgt e W@ﬁt ohdgs
and is then QPSK or BPSK s read acr 0ss

bandwi dt h. The fol & &R & df; are °amd&#o%P%%e€8Ff forwaxf,

provi ded: (a) a PN]dm&eah@naloﬂgaeewap to| usen teewinadjnithzbugB ddfferent| y

identify a gake t @qalkl.0 sqk ypal
13 to uniquely |dent:g'?‘é I|te ; é?%?i?hs gﬁ & @hbﬁ&rﬁ ??vh@%ﬁk?
al | ow the user ter rAomgind 99ténuﬁheuesrr QPV@WnéﬁérﬁFtﬂﬁEa}G
beans that is tranatitenfdsf lmﬁndmthéOusesatahiiﬂaale:i &Aﬁmim\ltmd»aghf aam

offseta O from thEeddite Bbfhe (R auflh SaskARCErdy ‘nfl Gler bREAIRGE®

channel that is trd®nmtted by the 25 ° gateway 18 may be transmitted at a
hi gher or | owars pomer | evel than the other signals. A pilot channe

hannel , provi des EaSfacieParay iBe Ripbbith,, o bidheiielhy dfpied Ooict
prOV|des a nechanl§NWF&ipérﬁ9r#ﬂ§FgﬁﬂlSlGW fades, and also supports block
interleaving to address medium to fast fades. Power control
is implemented on both the forward and reverse links. The
20 response time of the power control function is adjusted to
accommodate for a worst case 30 msec satellite round trip

delay.

The block interleavers (534, 53e, 53f, Fig. 5) operate over
25 a block length that is related to vocoder S3g packet
frames. An optimum interleaver length trades off a longer
length, and hence improved.erroﬁ correction, at the expense
of increasing the overall endﬁgofend delay. A preferred
. maximum end-to-end delay is 150 msec or less. This delay
30 includes all delays including those due to the received
signal alignment performed by. the diversity combiners,
vocoder 53g processing delays,filock interleaver 534-53f
delays, and the delays'of the Viterbi decoders (not shown)
that form a portion of the CDMA sub-system 52.
35 '
Fig. 5 is a block diagram of the forward link modulation



30 strength conparisons to determ ne when to initiate handoff. The
.use of the pilot channel is not, however, mandatory, and ot her
*techni ques can be enpl oyed for this purpose. “ ~The Sync channel
generates a data streamthat includes the 35 followi ng information: (a)

time of day; X&W&nsm tting gat eway i dent¥f7 cation; bEL IRk t €

epheneris; a WO 96/ 39756
PCT/ US96/ 03354 _ assi gned pagi ng channal. The Sync data is applied
to a convol uti on encoder 53h where the. data is convolutionally

encoded and subseqpentigndDHdihe CDMA| subesystem Sdxf FFigl. 2. An butiput dfie

resulting data strgagmm e _ %hmg.t

code and QPSK or BPSK séﬁ gsgguiégsr%égeaﬁﬁ Qt%ceéngel\%mcth%&:ll?gc anne an ngg?h.
The Pagi ng channel ¥h c‘&p&'i%‘élm tfpedse e | SHmer, angd, S¥4EFh block3B2gmcThe;| ¢
I s convol utional | ytebemeery santl icorthral (ITacy) ihformabien | tsvallso Timput to

resulting datag st ' gy ned with the out put of a |ong code
generator 53] .5 Th%ﬁégiﬁ%éﬂﬁl code is used to separate different user

termi nal 13 bands. The pagi ng channel and the |ong code are nodul o
two added and Anr ool dted diyebel sequenceiss pilvt chanthelngenegatesi s

15 nodulo two add t I r LSy ke
BPSK spread acrossgg %ﬁ% Wr—@hﬁ?c adnen-eq}'ea o lrgr?gvmbg?hgate' T@?Eﬂgﬁa
general, the pagi ngt¥aamnis eemvined seitdh 2 sherh RN epde tfhats i uped to
i ncl ude: (azjI ?o)sysamarﬂ@fa@ﬁaﬂeaﬂbérm gatem@ea?_haﬁaaa&tzérent
nmessage; an c) a an st nes . e tem
par anmet er nessage PAEF €e§ P@'ctﬁquﬁﬁ'attpgnpifgg§hwglp%®in}ﬂfﬁoa%ngfifled
regi stration paranboetbe shdrpagedetand is thean QHSK or BESKI spriesd. acThses
access paraneters gRESESMA FD RF SkaniieP ddifwiath. 9Uimd L1 18lihbcadeeesant
channel and the a&ces channel data_rate. The CDVA cC z.annel I'1 st
message convehgen ?n?Ji%’d,(PzM 5088 PAFEALSD; 3%k Hlifé’r"f’ﬂgi‘cé?' oft ENqcsge
Wal sh code assSgnnefifset to allow a user terminal 13 to uniquely identify a
gateway 18; (b) a PN code offset to allow the user terminal
13 to uniquely identify a satellite 12; and (c) a PN code
offset to allow the user terminal 13 to uniquely identify
a given one of the 16 beams that is transmitted from the
20 satellite 12. Pilot PN codes from different ones of the
satellites 12 are assigned different time/phase offsets
from the same pilot seed PN code.

If used, each pilot channel that is transmitted by the
25 gateway 18 may be transmitted at a higher or lower power
level than the other signals. 'A pilot channel enables a
user terminal 13 to acquire the timing of the forward CDMA
channel, provides a phase reference for coherent
demodulation, and provides a mechanism to perform signal
30 strength comparisons to determine when to initiate handoff.
The use of the pilot channel i_sf._ not, however, mandatory,
- and other techniques can be empibYed for this purpose.

The Sync channel generates a data stream that includes the
35 following information: (a) time :of day; (b) transmitting
gateway identification; (c) satellite ephemeris; and (d)



Thé vocoder 53k encodes the voice into a PCM forward traffic data

.stream The forward traffic data streamis applied to a :

- convol utional encoder 531 where it is 35 convol utionally encoded and
then bl ock interleaved in bl ock 53f. The resulting data streamis
conmbi ned with the output . WO 96/ 39756 . ... .

* PCT/ US9/ 03354V0 96/39756 L4977 of RCGSerPong code
bl ock 53k. The user long code is enpl oyed to separate different
subscri ber channels. The resulting data stream is then power

controlled in asatighed! pagingMdianhai Ehdusyncwtﬂaa:dde& tapplied\\dos la

d 5 dth P
Communi st i on_ chamegivaLy §°€téﬁéﬁf%¢%ﬁét%€§% & ddnvolptionally
denodul ate the CDwvencedednand sulptiem(eg)tlwhépekai wa &oc Fombat ctastor
the return Iink: 1Q:aaeéa) rhe ?&éﬁlﬁiﬁ@edaﬁw%re&ﬁd i6bmolizol Qﬂﬂ s4dd to

These are | f nt t pes ;0f; tur

Channel s, namal%/j ﬂ:@ 8&&“&?@?\% !;a ?E?u %ﬂcéxn sp“éﬁa?ﬁ%?“
15 For the accesstbleaﬁm FlheR@ammllgianéuvﬂ%s and decodes a bur st
on the access channel that requests access. The access channel

nessage. i s enbo alo apbl e ol owed rel t| vel
oral anount of daithe Paghs ChAnBeERTE) Sppuied 1B, & Sinvaludsphal ehcpdey
code. FEach user 263i wherenit i ¢envoiutionatlyocempcdded eosl denthenchldok a
uni que ligpp ofibigt1bavaal Mhe dBBAT: FhY 986 8ol 9oy Babtled with the
After receiving the access_request, Waér 3;@ nmessage, on
the forward |ink pe?b’ftﬁb’; cﬂﬁn%e*mﬁ%l‘iﬂ%’sg%y@’ The yLongk RYwFedRi i
recei pt of the accesedr ¢guseparate diffasengnumg- atd!xhhiarotm bandse URns
termnal 13 to est t f
assigns a frequenc?&b&ﬁa lhanné"} éﬁé t‘ﬁge 3’?2‘ ;éé?%&eﬁ qqéﬁi?lth% ﬁhﬁgd gnd
term nal 13 amovﬁéegamwaysmbeh eeYeX Jhexe 1o g@&l&ﬁaané#mlenﬁn
30 and begi nsiupmedutontwsi agdedntouthagwaish acsdgnedrél sésult is then
(spreadi ng) COde(sbPSK or BPSK spread across..the CDMA FD RF channel
bandwidth.

In general, the paging channel conveys several nmessage

20 types which include: (a) a syste#; parameter message; (b) an
access parameter message; and (c) a CDMA channel list
message.

The system parameter message includes the configuration of
25 the paging channel, registrationi{.parameters, and parameters

to aid in acquisition. The iécess parameters mnmessage '

includes the configuration of ﬁ__h_e access channel and the

access channel data rate. The CDMA channel list message

conveys, if used, an aésociateq pilot identification and
30 Walsh code assignment. |

The vocoder 53k encodes the voice into a PCM forward
traffic data stream. The forward traffic data stream is
applied to a convolutional efié:oder 531 where it is
35 convolutionally encoded and then:;biock interleaved in block
53f. The resulting data stream is combined with the output



The return traffic channel is generated in the user term nal 13 by
convolutionally encoding the digital data 35 fromthe | ocal data source

‘or the user termnal vocoder. The data is theri'*_’ bl ock interl eaved at

pr edet er m ned V\D 96/ 39756

PCT/ US96/ 033 nd is
applied to a%%m/&ﬁ? m)dul ator and a data . burst randoﬁWeduce
clashing. The data is then added to tyg zero offset PN code and
transmtted through one or nore of the satellites 12 to the gateway
18. The gatfevayud8r ploags xesid hiblset UsSTk! | Thebudesi NondY code is

exanpl e, a Fast Hz;g@gg Tean e 28-

Wal sh Code and prov §§ﬁe{:§ §L %&gﬁ%ﬁ?gﬁwﬁﬁﬁe@ t:htarl{‘ge(%'l%ver‘sﬁ#l
conbiner. 10 repydt B’B’eg@?ﬁ@ hEET8ABn 38 ddhen ployesf qentredded) y in’
preferred enbodi nmmﬁleh&cqmmwmt,l abdays i dddedl to thé WY coas, l S

15" ey PE TS el R PR VAP0 ReR, dforna, BrrbAf, St R ' b

illustrating the mnﬁgahionmlsamnﬁaerhammspst em el enents that have
been descri bed above are nunbered accordingly in Fig. 6. Two gateways
18 (designated 18_and Ll lystr transmttin

through three The ﬁ%ﬁ'ﬁ%’es"%f’”ﬁ@tgﬁt%ﬂ qa %f}a;ee hei GhtidcFeturn )
havi ng a hi ghest &iskis)orTheng @,resaweldiﬁﬁerkﬁ‘t codes r:ﬂg::athe retsmoﬂ.clnk._ _
hi ghest el evag on @)0tRe d¥b Hsldd BaL? ana/\BY Be 1ongcbddeSindle?Yeli on

Sggle(ram ni ng unit A’? S*% %&V\B{H"?s I}gFﬁ %L:éﬁt FSturn rg%enc&w th

a sane frequency Chanughs; rrameiy thhe arzt:eaaauhannel 4fd, thélreinrnl @ratfic
gateway 18 to the pahgkhites 12, 12' 30 and 12 ". The satellites 12, 12

and 12'' repeat the recei ved signals and transmt themto the user
termnal 13 with the sane frequency. Because the satellites 12, 12
and 12' '15ar e Port the-damstse shannell the tdetataynhBnkets ivesianl @Getodes

will arrive at thg yrgitt, %ﬁmﬁ@ dctdtie Trinhks" ¢Hht! %@Q@s access. The

access chennel message is .embodied in a long preamble
followed by a relatively small amount of data. The
preamble is the user terminal's long PN code. Each user

20 terminal 13- has a unique long PN code generated by a unique
time offset: into the common PN generator polynomial.

After receiving the access request, the gateway 18 sends a
message dn'_ the forward link paging channel (blocks 53e,

258 53i, 53j) acknowledging receipt of the access reguest and
assigning a ' Walsh code to the user terminal 13 to establish
a traffic channel. The gateway 18 also assigns a frequency
channel to the user terminal 13. Both the user terminal 13
and the gateway 18 switch to the assigned channel element

30 and begin dnplex communications using the assigned Walsh
( spreading) code(s)

The return traffic channel is. .-generated in the user
terminal 13 by convolutionally encoding the digital data

35 from the local data source or the user terminal vocoder.
The data is.then block interleaved at predetermined



. 35 thus experience a different nultipath delay. The diversity
‘conbiner within the user termnal 13 conbi nes the

" 21 denodul at ed recei‘ved signals and delivers the intended

signal to the user. A second forward link is established by the
_frequency 5 _determ ning Uhi't 43" which transnits a singl tion
signal with tWO%3¥8&%frequency through transnitter antennas%&w
40b of a  second and up to N gateways 18' tos,hhe satellites 12 and
12'" . The satellites 12' and 12'' repeat t he received signals and

transnmt themto t%Waxeeramnahé&uewto%tbzt*n&;smulaeeﬁmh data

bef ore, and becaus | tes ' d e n C

each of the %ﬁ{lﬁ fa"%gﬁrﬁ sés:li otedos %?gar"f‘%gsca%sﬁ%n? user 't e ?‘#’% ?E g:hen
with a different mﬁ‘ﬁ%t@ deheyzermh effsetr BNt 90éerr9nﬂetransmmnem thneugh
user termnal 13" gpartdeford@sdeRedsdEdEritds 12" ¢ecikhedgstany 38and
delivers the intended signal to the user. Each of the frequency
determ ning units 43 and 43" sends, under control of the associated

controll er 56 and Sfhe aatewapspectpmebyseshebhwmetdtn rkrkni by i uaingp by
accordance with dnpiEd 1 dFEEi‘tHétﬁanﬁ%a‘rkﬁﬂsPEfﬂV\{mm e?+1£tes é’t@ﬁ

realized that the re,f atlve evati on an
change with respect12& e “&ﬂ&?‘h@?ﬂe fé‘d28r°Vggﬁ/eﬂ‘9 rd(ﬁ‘H"QH}a'ﬁ%ﬁt r{f@r&}a‘t on

gateway 18, as the tsatthe idiaersitypessbiner. t he surface of the earth during

each orbit. It shoul d further be realized that the two gateways 18 and
18 may be separ at ed from,one anot her by hundreds or thousands
kiloneters. 30 Ther £ORRGOEBI hag gReannifer AgEchiRtion s 88ci At ena:qmemly
each of the gat red difbodindnterorthet bommanstetio i systdm 10.

st 1t w11 DS P B SR b i svottnents

of the present invent:l.on. :

15
Fig. 6 is a simplified system block diagram that is useful
in illustrating the -teaching: of this invention. System
elements that have been described above are numbered
accordingly in Fig. 6. Two gateways 18 (designated 18 and

20 18%) are illustrated as transmitting through three
satellites 12. The satellites 12 are designated as 12,
having a highest elevation angle, satellite 12!, having a
second highest elevation angle, and satellite 12'', having
a lowest elevation angle.

25
A first forward 1link is established by freguency
determining unit 43 which transmits a single communication
signal with ‘a same frequency through transmitter antennas
40a, 40b and 40c of gateway 18_'_1:0 the satellites 12, 12'

30 and 12'*'. The satellites 12, 12' and 12'! repeat the
received signals and transmit them to the user terminal 13
with the same freguency. Beca_usé’lfithe satellites 12, 12' and
12'!' are not co-located, each of ‘the downlink transmissions
will arrive at the user terminal 13 at a different time and

35 thus experience a different multipath delay. The diversity
combiner within the user terminal 13 combines the



35 the nost advant ageous communi cations operation has the users | oaded
. onto the highest elevation angle satellite _ AMD

- SHEET VIO 96/ 39756 ° o THIS SHEET HAS BEEN
PCT/ US96/ 03354 22 i '

- hat iew, {in
_this case the ﬁ% jte 12. However, to mtigate t REPLACE »
bl ocki ng and ¥ git is desirable to transmt thr

satellites as possi bl.e, even though sogg of the satellites that are
in 5 view may not be over the | and nmass where the user termnals 13

and 13' are |ocat eaiemodulateﬂﬂeréématkegnemcaﬁamdeai%fed%é N{rfe ey al
Frequency D v SI or. D se%ge Each segnment is associated with a 10
&Ngfs and

particul ar one of may or may not be present in
all of the satellite beams Control of the. | oadi ng of the sateIIites

he' master o GO L ol At Cer e Ny R e
mtapgt Y hTph hnends=oh sifgle comgn

15 ~and whi ch®is 99 -
over the GDN 58. Eimaiew&hhsthmwam&ﬁrmency thxengh mrm;smegaammsm
I n cooperation wt L8 SR A OBetSh® M6E ; oggt,@e% Iﬁ]@‘?

iIs to effect t aiﬁocatlon of %ystemresu S S astoload 0
satellites 12 suchs?q'%?t itesone’saped 33" 'e TRe fake 3&6& it pnd 12°} aepeat ¢ o
the other satellittle cleceivedosigmalatandntrimenit them tovilidiuseyi tayninal
gateway or gajgwaysasl f r n al
time or near ?’gal fs B‘Vi@etﬁgbg eggggte ngfnbogcg]ﬁ%ér?é op’eré}?gsgél:g&ge thie
predictive node. Z@telntﬁs |332'f ignd 1t ecPIfEheﬁOtt rodRted,i eaghaof dhe he
th ot al ¥ transmddﬁmerﬁsxﬁmﬁomt %tﬂﬁitresl at tﬁlﬁ.t ﬁé& E&midal 131

as overall contraql a |te mai nt.ai ns a
record of how man |nks ajféefg%g%@% IIRIs:'h":te"i'a’%gfg hgé I 18?’:?#@(9% X 18
and the satelli tes’dilt;_hin the ' usererteyminal A1y’ ?—'omhﬁhea ddwundenddnlatieds
exanpl e that 15 #dMHived BigHaae WHEide1196rs 1one 12ntemled2sigﬁanprt%s% y

I n vi ew of the ateways 18 and 18', a request for service 35 (Bl ock
A is made to one B he gat eways 18 or 18'. The request -for service
may be made in response to a need to

Each of the £frequency determinmg units 43 and 43' sends,
under .cqx;'g:ql of the associated controller 56 and 56!,

20 respectiﬁeig;; the uplink transmissions in accordance with
a method"'_.'_&_hat is detailed below.

It should be realized that the relative elevation angles of
the satel' -i:es 12 change with respect to one another, as
25 viewed from' any particular gateway 18, as the satellites
pass over . the surface of the earth during each orbit. It
should further be realized that the two gateways 18 and 18'
may be separated from one another by hundreds or thousands
of kilometers.
30 , .
There may a large number ‘of user'_é E@:associated with each of
- the gateways 18. Furthermore, ‘the constellation of
satellites will have some: - number of' satellites 12 that are
s;multaneously in v.xew of the users and gateways. Generally
35 the most advantageous communica.tions operation has the
users loaded onto the highest elevatxon angle satellite

This Sheet Has Been Re(»laced

[ATARRE
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.23 establish a communication I|ink with one of the user

termnals 13, or may be generated so as to handoff ‘an al ready
established link fromone satellite to another. 5 At Block B a
determination_is made if the highest elevation = angle S,a%%g;g}n%yi S
fully | 0adedVOASBH™8 cormuni cat i ons traffic. If Yes, at oC a
determ nation is made if the second hi ghgst elevation angle satellite
is fully | oaded wi th communications traffic. If Yes, at Block D a 10

determi nation is wpde isfid Riekpvidstthiel euséithe satgikite 12.SHowehiekre t6
fully |l oaded with Lcatd.ans | Cppl fyq o es t t uggr
i s not assigned to&g‘%agj%eltth teeéfeaéééasogl Ibltﬂ‘c'ktiﬁé sagfdgl f&%‘gé%{'lﬁqv{}'g:w g
particul ar one of @mgirablegdewiyanssib, cchingugh | 8gdawny5satelliteso as
Bl ock B the user i$oggshl8fdedén touroitiHe of thel Qudbivitadotwataaré! the
.12, t her eby _est alil I shi nq‘o%ng ﬁmgléat 1 on 1 gk through ne )
satellite. At Bl ocR*&¥ Sy d8t Y™ 0 "?‘ﬁasc?e ﬁi’meergls §' 8’5’3?)??%?1
is to be 20 granfiddand 13t areedocatefei ng renenbered that diversity
reception is desired to mtigate the effects of fading. If No, the
singl e comuni cat i link is intai ned and the net hod terninates. |If
Veeat B ock G conthel trsasmirted sBe0tRyg e diRdags, LMt neveratnEreusshaY
hi ghest el evati on Biyglisiéb (FRatseEgmentsi.sEach| se¢gmendeds associatédNwithhan

at Block H thggusepai-$iaatheNeik ok Wik ys 1s,hhﬂ&eﬁs¥%fv,a§§%enﬂée
satellite 12 If entering . from Bl oc ) or 'the user 1s also
assigned to the sePSR8end im Mdsio%| EbS: iséﬁegtﬂréF@ beapp | Contyol gf the

entering from = 1BhdtkgCof the satélBivex lL2a idetbagedadbhortlies mathods
diversity recepti ORegerinbd tl%lg:&a%ﬁfcﬁon{a S Claxechtel’ e;g;!@r master

diversity 35 reception_1s e.granted 1 f the user 1s, al, assli gned
to at |east one saf@pfreilerthat ifcPretorRbl%resident within the Gocc 3s,
15 and which is transmitted to the controller 56 of <the

gateways 18 over the GDN 58. . The methods may also be
executed by the -gateways 18, in cooperation with
information .received from the "GOCC 38. The goal is to
effect the allocation of system resources so as to load the
20 satellites 12 such that no one satellite is overloaded with
respect to the other satellites of the constellation that
are within view of a gateway or gateways 18. One embodiment
of the method operates in real time or near real time,
while another embodiment operates in a predictive mode.
25
It is first noted that the GocC 38 is aware of the total
transmitted power of each satellite, in that the GoOCC 38
has overall control of the 1oadi‘_ng of the satellites, and
maintains a record of how maii_y links are established
30 between all of the gateways 18 and the satellites 12.

Referring to Fig. 7, which assﬁji__ié;s for this example that
there are three satellites (12, 12' and 12'') presently in
view of the gateways 18 and 18', a request for service
35 (Block A) is made to one of thé_;';.é_gateways 18 or 18'. The
request for service may be made in response to a need to

a
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.24 Yes at Block | then control passes to Block D to determ ne | f
the | owest highest elevation angle satellite is fully | oaded. 5 If
No, then the user is assigned to the | owest el evation angle satellite

12'" (if entering fromBlock C, or the user. i s al so asg] to the
| owest el evatW‘BHg%?ﬁﬁ e < ‘satellite 12 '' (if "8Atering fri’%‘gﬁggﬁn%
10 The decision as to whether to operate a 1ggrtlcul ar user
communi cation with diversity reception (BlockS G and I) can be based

on 3 n?”ger OI Cr:éé{jﬂlﬂ:isﬁ“@ W@Eﬁiﬁns)’ﬁirﬁ{n with |cﬁﬂg' Othé user
predicted system | oading over, sone tine iod, such a

m nutes. For exa eg:mid%rl's d315 rpe%yceﬁmﬂﬁ'%&'ﬁt fPaft céﬁ F’F&g? Ft aH’ay
be desirable to alresdly epbablishedthinklifmomiong sabellite to anpotham in a

reduced diversity node through by exanple only two satellites. 20
The deci sions nade at _Bl an al so nunber

ks
of -different Fitd¥ BLOg rBé(QﬁBFEm ﬁEP‘m is B‘PFFé& Gﬁenﬁggﬁésﬁe&’éﬂ"
whet'’her a satel li tangle cuatemive is rayEyt | Npadednewitipr ecb:ﬁnamﬁawt‘n‘.ons

maximim - number CH%T iec.fa aﬁ??l@&i Y et%z{:}ni%%%mbhig ,;,Qgesg%ell_ﬂéte

is 25 consi dere

based on a total peEaNdhig Hﬁsb’f elevat&og, 3ngle saelkite Afifndly r%?a!ﬁ@d
criterion is whet heith commugiusﬂims ofrdfficiat gl | Ye@s pead iBleder Pi Y

at or near h exge er k f
density (PFD)ﬁgs Fhﬁe)e‘g%ndig;\é%ko a{s \A%H]& s)ﬁi%h g!éé‘- %S;@SE g%%@#‘f'rf%? 7%—12
By exanple, a gi vesntedildte is ﬁgl,l}beloaded opidiha conguaicysiens ftraf@icem dfium
total cormrum catiy¥ls, at BIBBRCE!the huder mrﬂdtculsai ghéd NtV Ay Nsate Lt

e s 32 S S S ) G A BB AEng

gateways 18 are fully loaded.

15 o
"If “No at Block B the user is assigned to the highest
elevation angle -satellite 12,0 ‘thereby establishing one
communication :1ink through one: satellite. At Block G a
_.determinatlon is made if diversity reception is to be

20 ,-,q_;'_an__t;_ed to the user, it being remembered that diversity
reception is desired to mitigate the effects of fading. If
No, the single communication link is maintained and the
l'u'ethod terminates. If Yes at Block G control passes to
Block C to determine if the second highest elevation angle

25 satellite is fully loaded.

If No, then at Block H the user is assigned to the second
highest elevation angle satellite 12' (if entering from
Block B), or the user is also assigned to the second

30 highest elevation angle satellite 12' (if entering from
Block G). :

At Block I a determination is made if diversity reception
is to granted to the user, or if further diversity
35 reception is to be granted if the.user is already assigned
to at least one satellite. If No the method terminates. If
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-25 a level that would cause the RF energy fromthe beamto ,

-exceed the PFD linmt on the earth. For this case the satellite may be

considered to be fuIIy | oaded, and the user i s thus assigned to a next
- | ower el evation an satellite. The GOCC 38 ”ayrQ§ﬁ$b§E?gpaSEd

“on current tr!ﬂxﬁﬂﬁ%ﬁﬁadlng and a historical record of tr | adi ng,

an expected comuni cations traffic Ioad%gg over an interval of tine.

10 Based on this prediction one or nore of the gateways 18 can be

instructed to assiwsa.lﬁ P10k US etfiferi @ontodl paBiés @o Bliock D toaletdriine

for, by exanple, 12#

context of a sprea gf %é%tﬁﬂﬁ%lg&%%um Ce&{elvgﬁigfi‘lsé eqr%a(%e%‘% g‘eé e"g{}&zed
that the teachdadedi this invention also has applicability to other
satellite comuni cation systens that may utilize, by exarrpl e, Time

Division Miultiple Access DVA) techni e teaching . of this,

i nventi on may gl soIge“%ppé’! &%?Er(lfo SFﬁaﬂe?oa? the %‘i eslaﬁ‘@%’i"?‘e

conmuni cati on systamgle satellifieudi2'thi{ic temteningnfrom Baecke€), or the

particul arly shownggel s afieschisaagnu wée%aectw»%&reasa{rfaéaﬁef 130
er eo 0se

enbodi nent s ski | e art

it wll under st ood
25 that changes i @?B?Hfé??dlae't'aﬂg il e’b{s"‘m 2PEkE) e without

departing fromthe scope and spirit of the [ nventlon

10 The decision as to whether to operate a particular user
communication with diversity reception (Blocks G and I) can
be based on a number of criteria, such as an actual system
loading or a predicted system loading over some time
period, such as the next n minutes. For example, during

15 peak communication traffic periods it may be desirable to
‘not operate in the diversity mode, or to operate in a
reduced diversity mode through, by example, only two
satellites.

20 The decisions made at Blocks B, C, and D can also be based
on a number of different criteria. For example, one
criterion may be based on whether a satellite is currently
repeating sonme predetermined maximum nunmber of
communications 1links. If yes, then ‘the satellite is

25 considered to be fully loaded.

Another criterion may be based on a total power output of
a given satellite. Another, related criterion is whether a
given one of the satellite beams is operating at or near a
30 power level that wou.fl_._d: exceed a; predetermined peak flux
density (PFD) as meageﬁned on the earth, such as =154
dBW/m?/4 kHz. By example,' a glven satellite may be
operating at 75% of. : ithe max1mum total communication
capacity, but a part:.__:ulaf beam within which a new user
35 requires service {or to which a tiser may be handed off) is
operating at a power level that is equal to or very near to




CLAIM5  \What is clained is: 1. A nmethod for allocating

. communi cations traffic anongst a plurality of satellites of a constellation.
"of low earth orbit satellites, each of the plurality of satellites being
oriented, at any given time when in view of a ground station and a user

termnal, at a particular elevation angle, conprising the SW%’F‘

provi di ng eacWo883¥ % plurality of satellites with a rece
recei ving communi cation |inks fromthe gr,@und station, a transmtter
for transmtting comuni cation links to user termnals, a receiver for

recei ving comuni cat hedeli ehatl wodLaSeaube’ thé RS, efBfgy frém! £AE8SHeddh So

for transmitting conmun e} | nks he ground station; n
response to a requ&%te r%i’ﬁ’r \rkéé) Kﬁ’é#’grl‘ﬁ“ni'ﬁ'{j‘ i?C’artL:im. a§ﬁrgﬁ3‘§15 e%t#lbﬁ
angl e satellite casabellies gnayl be considereintmibat fuddy| Lakded, andithe
yes,’ assigning a NgWefOBURIRA | RBsignéa [ ot BE next hiaﬁéftei*a%ﬂbr?“aﬁ&ﬂée

satellite; I f no geterm'ninglf a |l ower elevation angle :
satellite can e a§§f‘§?‘n *'new comruni cations |ink; and i f yes,
assigning a new conmuni cation link to a | ower el evation angle

satellite; wherein heg i.g_cg ]t epgi o) eﬁ% I S
determning if thems‘gt%?ﬁ&t e vﬁﬁp edlin Vi %\gvk(%?n%?)t éﬂl‘f#?sfg‘ﬁ’ ?é?ﬂﬁl\%l
and the ground stafPP@naf fiskorical record of traffiprdoafipy, an expected
communications traffic loading over an interval of time.
10 Based on this prediction one or more of the gateways 18 can
be instructed to assign all new users to one or more of the

satellites for, by example, the next five minutes.

Although described in the context of a spread spectrum
15 communication system, it should be realized that the

teaching of this invention also has applicability to other

satellite communication systems that may utilize, by

example, Time Division 'Multiplé Access (TDMA)} techniques.

The teaching of this invention may also be applied to other
20 than low earth orbit satellite ‘comnmunication systems.

Thus, while the invention has been particularly shown and
described with respect to presently preferred embodiments
thereof, it will be understood by those skilled in the art

25  that changes in form and details may be made therein
without departing from the scope and. spirit of the
invention.
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time and, if not, the satellite is not 1a )

‘bei ng assigned the new comuni cation |ink. fﬁ'geéﬁéﬁ‘ HA§ BEEN
2. A method as set forth in claim1 wherein the steps REBLACED

det erm ni ng each include a;st:ep of determining if.the | l1te
‘has not al readYPHEWP6assi gned a predet er i ned naxmwgﬂ?h%é? of
communi cati on |inks. 3. A ma}ﬂod as set forth inclaiml
wherein the steps of determ ning each include_a step of
determning if the assi gnnent of ¢hIMger terninal, to the
satellite wll cause the satellite to transmit _
that is |ess than a maxi mum peak flux density Jﬂwn#ﬂgm"ﬂ“m![
t he ear t tWhat is craimed is: 4. A method as set f'or€h:kn-iclal mel
wherei n each sat el I|te transmts a pI urality of beans to the

h, d | ud
of " ™ Getbrmini nd-i A aBBERRR, Ao, HOEREThA., Shan caliphR Rt £8
woul d be assi gnerl ithnemgh omhmakﬂg:mpfasamlmms of a constgildation wfniow

power |evel. 3 earth orbit satellielQledth %Qttﬁé’rﬁllilﬁa'iii %fnshae@ﬂeég
each satgtlflltettanﬁﬁtsa lurality 0 bamsito he earth, an
wherein the stegs Reing: oFieR Yn@llﬁﬁ’é é’g‘eﬁ‘f n view of a groun

determning if t8e stadiignyeat & particsldartelevatdorn angle, comprising the
satellite wll cg\ussq:e%sbgfm to which the user terminal is
assigned, to transmt "at a power level that is |less than a
maxi num peak flux density at the surface of the earth. 6.
A nethod as set Forth i provdding shencof tircplatrality of saiténi‘tteepﬁiﬁﬁ a
det erm ni ng i nclydes Ith%eEB%Q@r £okCPRc8lving d@éﬂdﬂi@g@&m BﬂS  from the

comuni cation |1nk I'n_a ¥-
reception nmode & the uggpund; o stakien, a transm:l.tter for transmi ting

10 communication links to user terminals, a receiver for
11 receiving communication links fromuser terminals, and
12 a transmitter for: transmitting communication links to
i3 the ground station; '

14 in response to a request for service, determining if
15 a highest elevation angle satellite can be assigned a
16 . new communications link;

17 - if yes, assigning a new communication 1link to the
18 highest elevation angle satellite;

19 if no, determining if a lower elevation angle
20 satellite can be assigned a new communications link;
21 and ' :
22 if yes, assigning a new coi_i_imunication link to a lower
23  elevation angle satellite.

1 2. A method as set forth in.claim 1 wherein the steps

2 of determining each include a step of determining if the
3 satellite has already been assigned a predetermined maximum

e

et Has Been Reﬁaued
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PCT/ US96/ 03354 28 If yes, determining if at |east one

~next | ower el evation angle satellite can be assignlega "
- communi cations |ink; and if yes, also assigning thé (5 iy E\ga%%h
link to the next |ower elevation angle satellite such {1

_cormuni catiogvdmg,,#s est abl i shed through at | east: two P@i?%%ﬁ)%ﬂa step

satellites. A method as set forth in claim1 and I'h
of initiating the request for service with aaser: term nal .

met hod as set forth in claiml andlncludlngastep m ' m
request for sewvi iGmbBiObghcomiiwitit ivhalliaks. “ mﬂm IHNﬂH
handi ng of f a comunication link fromone satel |te #*0:another “satellite of

a constellation of low earth orbit satellites, each of the pl ural i ty of
satel lites bei Bg ori enBedh mathod, agi seh forkh vﬂmmluaﬁmnewheneiaa theusieps

station and a gsepgt Eéﬁbﬂﬂhnzﬁé adil inCidt £/} i RALRInEAGPLESERE

oceiver for rBcoPOERYLEb i CATRBIE RS Jf?%ﬁﬁ'ﬂ% % 3 3ter 16val bhat,

transmitter fo# t coxsaspondg to aolaximnmcpeaknfu.unkéemsimer termnals, a
recei ver for recei ving comuni cation |inks fromuser termnals, and

2, Lranem trer Lo £ angi ol SRl C2L  EhSS S Bt encin,
hi ghest el evat 2onsahgllitattardnsmcitzaa prueabityaf deams teviimo@Emrthgaandns
i nk; T 3y C3nePath0thB0 sthps 8B Akt ERTHYRY CBLER"1héMad % step of
4 determining if a beam to which the new communication link
5 would be assigned is operating at a maximum predetermined
6 power level.

1 5. A method as set forth in claim 1 wherein each
2 satellite transmits a plurality of beams to the eérth; and
3 vwherein the steps. of _'sdetemining‘.. each include a step of
4 determining if a:.beam:to which the new communication link
5 would be assigned is ;transmitti-ng at or near to a power
6 level that correspond_s to a maximum peak flux density.
1 6. A method as set forth in claim 1 wherein each of
2 the steps of assigning include the further steps of:
3 determining if the communication 1link is to be
4 operated in a . diversity ,__';f-_r'eception mode at the
5 corresponding usé‘r's terminal;
6 if yes, determim.ng if at least one next lower
7 elevation angle - satellite can be assigned a new
8 communications lmk ; and

~
- if yes, also assi%jning the communication link to the
10 next lower elevation angle satellite such that the
11 communication link is simultaneously established
12 through at least two of the satellites.

This Sheet Has Been Re
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PCT/ US96/ 03354 29 new co | \ Fl_i nk to the highest
el evation angl e satellite; e\“m ﬁ!mmlm 1. Ng ~
-el evation angl e satell+te can b ‘ Ll A 3 (23 comu&ﬁ"é%ﬁ&%’iﬁ ﬁf(EN

and if yes, assigning the handof f conmuni cation I i as new
communi cation link to a | ower elevation angle satellite; I ej

“the steps of WOBHShi ng each include a step of - determgﬁrﬁ% he
satellite will be in view of both - the uggr termnal and the ground
station for a predeterm ned period of time and, if not, the
satellite is ney acceptrd A Gletiid A FEtdROFthNENNEYaIn 1 &THHHIGALNGNa
l'ink. ' 18. A et hog s get' ;ort in_clai m9aneEe| n.the. steps o
determ ni ng ea b iFESRIRE A ?F‘ f)aB N et ?nrﬁmﬁsiff Phe Eﬁ?%??if’é a® HGET

al ready been a3Si geexmingdredet er ni ned maxi num nunber of communi cation
l i nks. 11. A method as set forth in claim9 wherein the steps of

determ ning each include a step of determnnin :L{‘ t he, assi gnnent of the
user termnal t& the sd-eld nethnd as; £8dc LPRER IR Flain %oawaﬁzﬁ%u@ias a

power |evel thag istédprodf fhitiatinmg the requedt forxsdervicd \thrioughea suohnde

of the earth. 1. gtation A met hod as set forth in claim9 wherein each
satellite transimts a plurality of beans to the earth, and wherein the

steps of determi ning each include a step of determning if a beamto which
t he new communi gati on Ig.,nA wethddbfordmrgiing o8f roicommnhdcationt 1 inkrExiomum

predet erm ned vave‘gné eé’aetj.ellite to another satellite a constellation of low
3 earth orbit satellites, each of the plurality of satellites
4 being oriented, at any given time when in view of a ground
5 station, at a particular elevation angle, comprising the
6 steps of:

7 providing each of the plurality of satellites with a
8 receiver for receiving -communication links from the
] ground station, a transmitter for transmitting

10 communication links to user terminals, a receiver for

11 receiving communication links from user terminals, and

12 a transmitter for transmitting communication links to

13 the ground station;

14 in response to a handoff requirement, determining if

15 a highest elevation angle satellite can be assigned a

16 new communications link;

17 if yes, assigning the handoff communication link as a

18 new communication link to the highest elevation angle

19 satellite;

20 if no, determining if a lower elevation angle

21 satellite can be assigned a new communications link;

22 and ’

23 if yes, éss.igning the handoff communication link as a

This Sheet Has Been R ilaced :




PCT/ US96/ 03354 30 13. A net.hogdas set forth in

“the oarth, and - wnereinthe HIGHMIRFWNHIIR: no <Ht e HAE

step of deternmining:if the assignrent of the user~tewm-dal-to th
satellite will ca a beam to which the user térmnal is S96/033

assi gned, to MO at a power level that is less than a PCTUS Fr’r‘axi nmum
peak flux density at the surface of the earthg 14. A et hod
as set forth in claim9 wherein each of the steps of determning
includes the fuggther stegéwotommunication -link et &r Mbwengelbvabionaangié
comuni cation Ij.nk is t operated in a diversity reception
mode at the uséf é)m?g]‘]'j"l:?'erm' nal ; i f yes,
determining if at |east one next |ower ' el evation angl e

satellite can bg assi gnggl. & HRWhod as set forthCIBINIGAbI YRerdinltheddteps

if yes, also assignin he hapdoff_ conpuni cation_link s Lo the
next | ower el .ev%t i 8 gﬁg?’ém‘s'éf)'éql??%‘ s”cﬂ:‘ﬂl‘ 2 Step of determtl.néngaq.éoﬂe
communi cati on | Bnksatetlite hashalreadyhsen assigned a predetémuined maximim
the satellites. 4 number of commuricatiGMypksati on system conpri sing:

a constellation of earth orbiting satellites, I ndi vi dual
ones of said earth orbiting satellites conprising neans for receiving a
conmmruni cati on faeder 11l. A method a& setoforth ireasliaimn® whersih that sbepsind

nplurality of fer Choaerarpl ARy Gck IS o Bopt i udtethihing i the
at | east one grdun@atel f’b‘h #%&%%ﬁ&ﬁsat {Q%; near to a power level that

4 corresponds to a maximum peak flux density.

12. A method as set forth in claim 9 wherein each

1

2 satellite transmits a plurality of beams to the earth, and
3 wherein the steps of determining each include a step of

4 determining if a beam.to which the new communication link

5 would be assigned is operating at a maximum predetermined
. 6 power level. '
B 1 13. A method as set forth in claim 9 wherein each
- 2 satellite transmits a plurality of beams to the earth, and
3 wherein the steps of determining each include a step of
-4 -determining if a beam to which the new communication link
'5 would be assigned is transmitting at or near to a power

6 level that corresponds to a maximum peak flux.density.

1 14. A method as set forth in claim 9 wherein each of

2 the steps of assigning include the further steps of:

3 determining if the handoff communication link is to be

- 4 operated in a diversity reception mode at the

5 corresponding user's terminal;

6 if yes, determining if at least one next lower

7 elevation angle satellite can be assigned a new
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transmtting. said conmuni cation feeder m\ | east .Q
‘'of said satellites and further co i{ m‘w THIS SHEETUSAS BEBNI4.
- 31 means for cou ee=der link Jo a q:ng[_Rgp_;ml al |

| ocat ed tel ecomruni cati ons systen1 mhereln eaeh—ot—tfre
plurality of satellites is oriented, at : any 2F§R§M&§£§ when

“in view of sWQ9BP&ast one ground ‘station “user
termnal, at a particular el eggtion angle, and further
conpri si ng, means, responsive to a request for service to
est abli sh a consuni cat icommunicatiionsdatiakyiandig if a hi ghest
el evation angle satellite can be assigned a . new

comuni cations link and, if yes, for assi gnlsg a new
conmuni cation | Pnk to tHeYeBghedsoassigning the handoff communicatign dipk: e,

sai d deternm ning nmeans teithe ﬁdid:hmwer elevation angléml‘iee é\fxcli Rat

Communi cat | on Mnk. forche Rantbfe commnigatipn, FHAC 1B ERLPEGdsS"

angl e satelli t 82can est:abllshed thyoughi ghekea&memommca@t@kﬂsiuqu

and, if yes, for assigning a new conmuni cation link to the
| ower a anle atelllte salddt mnlng nmeans
further being operable fsb LAdé’f’ ipp sygtem, SOMPEASAPEF be in view of
both the user termnal and the ground station for a

predeterm ned pgriod 0fy Ebﬁ?téﬂﬂatién NObe ! lRaref! e'&fﬁﬂ:in% NOga€ELGRleR]

for - el n ss, d the ne cv&qgupnl cat i on f
16. A communi cafi on sy PRPE hOtn compr se ;mgans Lo,
conprising a coAamuni catreceiwisigem qﬂu:raﬂityeaﬁscommumcatmmafeemer links

bi di rectional | yF:.‘,OUpI ede C#ca,nsﬁjtd ﬂaé‘@a?%t e? cﬂfrﬂmgtat:.on and s&@&ﬁgnfor

through a data nk er.ein
deternines if aSsatell ﬁ‘@ tﬁérl“%FF‘@aH?"%‘éﬁii communicatagg, Eﬁl%%e’é links
predet erm ned nmaxi num rtorbes oplapabity cadf onterrestrially nkiodwtedd aiser
| east in part o? i nf or nBd, i Aha18GCiaHAd t hrough said data Iink.
17. A communi cation system as sét orth in claim15

9 at least one ground .station including means for
10 transmitting said plurality of communication feeder
11 links to at least one of said satellites aﬁd further
12 comprising means for coupling said plurality of feeder
13 links to a terrestrially located telecommunications
14 system; wherein
15 each of the plurality of satellites is oriented, at
i6 any given time when in view of said at least one
17 ground station, at a particular elevation angle, and
18 further comprising,

19 means, responsive to a request for service to
20 establish a communication link, for determining if a
21 highest elevation angle satellite can be assigned a
22 nev communications link and, if yes, for assigning a
23 new communication link to the highest elevation angle
24 satellite, said determining means being further
25 responsive, if the highest elevation angle satellite
This Sheet Has B
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and further conprising a conmunication system control neans

(o aaid at Least one ground AR R 5§75 SHESE RS

wherein said determning *means dét efmi nes i f sat ILAL*' IS
transmtting wer - level that is less than peak
flux densi tyv%é@@a%% at least in part on infornmati ng}iggd

t hrough said data l'i nk. 31 18. A conmuni cati on
systemas set forth in claim 15 wherein each satellite transmts
a plurality of2beans t @annot be as&lignedr tah, nandcbmmhhﬁzcatmrtlshlag Zor
communi cati on stem oRtr gl g%p 4l e 'Qﬂgll

coupl ed to sai %-)’ determinling %oﬁel roun st at |°(§)1ng¥'ﬁ!rl%u§%£ éf ﬁannk
and wherein be,pgsdgned g MWgcm%lé?ﬂﬁ AdBk;an H@aﬁﬁoﬁ\m’l ch
the * 29ew comisaicaiingn ai Mewwsotmbticticgneding Y €REr Aowes

't or mati on 1 o8 ved | ARGRF S BLavEREan) fhe Hateiiteel” o, 20N

comuni cation systemas set forth in claim15 wherei n each
satellite transgits a plgir 2 idotminia®TBnt Bystem as set NEorded Lih Adm 15

further conpris ni cation, syste cont r.ol hat 1Is

bi di rectional | yi % %&%e§a?@“%ﬁls g a °°m“|“é§§fzi8ﬂes3§§%&°§gﬁ?* Jipans

through a data 3i rthatadé hidivectionally coupled tiesedrdiat ripastagse ground

determines if agbeamtionVinroughea data unk,n%\ﬁa:wmauﬁa&wa &ét‘.lé‘m\’ﬁﬁ'xﬁ

asmgnedmtrgsmttmg&z{t gVﬁ e\ﬁ I1 | essth a
e em%f a satellite has alygady

maxi num peak fl

system as set fért&predetermifidéd naximum nunbesr efncomnun tisdtcion M.nlgs rhaaed
further conprises t i t r;q&ggmggg_ e’;&é#ﬁ‘mdq ' :
conmuni cati on I?nkat 1eag n part on e op?a‘?at I n a%&g%§ﬁ§/1d data
recepti on node 8t ]Ejﬁg"user ermnal and, if yes, for
determining if at |east one next | ower el evat ion angle satellite can be

assi gned 1. AN ﬁ;g&mkg §t+x£”§sa£‘8't edler & clall 35°°

assi gning the comuni ¢
el evation angl e sAng ﬁW&H&PEMS%aWQFﬁSH system control means

3 that is bidirectionally.coupled to said at least one ground
station through a data link, and wherein said determining
means determines iIf a satellite is transmitting at or near
to a power level that corresponds to a maximum peak flux
density based at least in part on information received
through said data link.

@ <J 0 00 b

18. A communication system as set forth in claim 15
vherein each satellite transmits a plurality of beams to
the earth, and further comprising a communication system
control means that is bidirectionally coupled to said at
least one ground station through a data link, and wherein
said determining means determines if a beam to which the
new communication link would be assigned is operating at a

W 0 2 0 01 & W N B

information received through said data link.

[

19. A communication system as set forth in claim 15
- 2 wvherein each satellite transmits a plurality of beams to

maximum predetermined power level based at least in part on-

This Sheet Has Been lTlaced
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_link is established through at |east twe-of T he _ THIS ¢ T =
©21. A method for allocating communic “\ ' H‘Saq Agm
plurality of satellites of a conste M@ﬁ}m

satellites, each of the pIuralltyo -

It‘ES Co I at
“any given ti nWOMBR™SPn vi e 'of a ground “station an&’r“%w

termnal, at a particular elevation gggl e, conprising the steps
of : provi ding each of the plurality of satellites with a

recei ver for recsi g eqrtid it EurtetOdomprisihgna communication lsy®ten
fromthe ground £t a&&ﬁ“}o s S%Eeﬁ.sf g'i.directlonallg coﬂx&ﬁgamttot 's%g.d at

Spr ead spectrum conmuni ca I on erm nal s,

recei ver for reck®i ieastmneaground station thyoudgh andatemiinkaEnsh whqaneén
from gser t;ar M ngl sgafdHetermining meanté aéﬁéﬁikﬁéfritf Q Herailn%(?‘ Hlii'& the
spread spec rum ion, Links to round s

i.n response to a re‘hﬂ'é&mf“&fugﬁﬁﬁ%g'wg gg\l%l%'qesﬁsalgnef 18 transm{th 3 at
spread spectrum&onommeaaxt torm [povier tlevel tildingormesponds to a maximuepeak

starting with a §i oPRSE fdradyd.on angle satellite, whether
each of the satellites that afe in view of the ground station
and a specified one of the user termnals, and that wll

remain in view af both 20. A communicattionrsystestas iset fodthhdnusdaim 15
termnal for a PRpad [ e assigned
an 2, Mherein, seidh UELELELILAY pilld Frihek! SBup il

assigning the new communication link to at |least two of the satelli tes t hat
are determ ned c;:n be asﬁq;mdor determining dff thdidonmunticabivn it iis to

laimr;ﬁgst a plural | ty of s %A ﬁFL{J%ESLJO]?{aaégnéﬂ%%t&g%‘&&@%&é aH"I ‘the

5 corresponding usert's terminal and, if yes, for
6 determining if at least one next lower elevation angle
7 satellite can be assigned a new communications link
8 and, if yes, for .also assigning the communication 1link
] to the next lower:elevation angle satellite such that
10 the communication link is simultaneously established
11 through at least two of the satellites.
1 21. A method for allocating communications traffic
2 through a plurality of satellites of a constellation of low
3 earth orbit satellites, each of the plurality of satellites
4 being oriented, at any given time when in view of a ground
5 station, at a particular elevation angle, comprising the .
6 steps of:
7 providing each of the plurality of satellites with a
8 receiver for receiving spread spectrum communication
9 links from the ground station, a transmitter for
10 - transmitting spread spectrum communication links to
11 user tei’mina'ls, a receiver for receiving spread
12 spectrum communication links from user terminals, and
13 a transmitter for <transmitting spread spectrum
14 communication links to the ground station;

This Sheet Has Been Re;ilaced

[l llllll i




earth orbit satellites, each of the pturatity” of satellites be| ng
‘oriented, at any given tinme when in vie d

"station and a user termnal, . at a ‘ﬁ%m tlon a JH&S
the steps of: provi dllﬂ"_ eac 1*ty jof shtell |H
receiver for cejiving spread spectrum cormunl cation | i
ground statlovﬁ 3T nsmtter for transmtting spread spe
comruni cation links to user termnals, gareceiver for receiving
spread spectrum communi cation |inks fromuser termnals, and a
transnitter f18 transin tteéspgnseptead reguestufior sexdmeuticastablisika to

the ground stajgon; new k ré@éasaéerhﬂ SomffHiRt ibA mwoaatﬁgmﬁﬁiﬁ&'ﬂg
comruni cati on I nk, dete!_é{n ni ng %?t rder,,startin

el evation angl® satel | i% h With g I*’gggﬁ?'él |?Jt%‘§at'#gﬁ gle,
vi ew of the grpséind &ammneanma}wmcaéchedfomcéatteﬂ&itesrth&trnmlim

and t hat | remai evx‘é}ig gfogmhhe ti h
*user terninal V\P a pre edt‘gréhne peri o saaeaaﬂ' %aglanﬂge Ao % c(ii gar?
addi {i onal con?r?nnl cat i @fditional nﬁowcatmn%ééngm adt he handof f

communi cation link to at |east two of the satellites that are
determ ned carype ¥ 1P g 2 Pn 8 At | ORI UERL I C 2110 e d | K 1east two
22 of the satellites.
1 22. A method for allocating communications traffic
2 through a plurality of satellites of a constellation of low
3 earth orbit satellites, each of the plurality of satellites
4 being oriented, at any given time when in view of a ground
5 station, at a particular elevation angle, comprising the
6 steps of:
7 providing each of the plurality of satellites with a
8 receiver for receiving spread spectrum communication
9 links from the ground station, a transmitter for
10 transmitting spread épectrum communication links to
11 user terminals, a receiver for receiving spread
12 spectrum communication links from user terminals, and
13 a transmitter for transmitting spread spectrum
14 communication links to the ground station;
15 in respahse to a request to handoff an existing
16 communication link, determining in order, starting
17 with a highest elevation angle satellite, whether each
18 of the satellites that are in view of the ground
19 station can be assigned an additional communications
. 20 link; and
' 21 assigning the handoff communication link to at least
22 two of the satellites.
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