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comuni cati ons, and nore S particularly to a method of communicating wth
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BACKGROUND OF THE DI SCLOSURE COMMUNICATIONS|SYSTEMmuni cation with
handportabl e term nals can be interrupted by ~signal shadowi ng due to
buildings, trees, etc. Wth non-equatorial, non- 10 geostationary
satellite orbits it is possible to give a portable term nal a choice of
nmore than one satellite, each .il L‘l:m-m; erent position in the
sky, in an effort to avoio Shadow ng.
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10 geostationary satellite orbits it is possible to give a portable terminal a choice of
more than one satellite, each satellite having a different position in the sky, in an
effort to avoid problems caused by shadowing.

For non-geostationary satellites, the signal frequency suffers from
considerable Doppler shift. Consequently, the signals in each direction must have

15 their frequencies "pre-compensated”, i.e., shifted by the negative of the expected
Doppler shift, so that the signals arrive at their respective receivers in their
assigned channels so that they do not stray into nei_gpboﬁng channels.

In 2 TDMA land based system, the base stations are static so that Doppler
shift is not a problem. However, the distances between a handportable terminal

20 and a satellite are much larger than for a land-based system, so that a time
synchronising problem arises instead. As a resuit, ‘uplink transmissions from
handportable terminals must be adjusted in time according to the expected
propagation delay to ensure that the signals arrive at the satellite in their assigned
TDMA timeslots rather than straying into neighboring timeslots.

25 One problem with using satellite diversity to escape the problems caused by
shadowing is that the precompensation needed for either time or frequency cannot
be made correctly for two different satellites that either have different positions or
relative velocities, unless the handportable termmals in question are restricted to
be all close to each other. In that event, any satellite experiences the same




handportabl e term nals nust be adjusted in tinme according to the expected
propagation delay to ensure that the signals arrive at the satellite in
their aSSI gned - TDMA tineslots rather than straying i nto ne| gngorl ng
tinmesl ot% One problemwi th using satellite di e escape

t he probl ems caused by - shadowing is that the precorrpensatlon needed for
either tinme or frequency cannot be made correctly for two different '
satellites that either have different positions or rel'ative velocities,
unl ess the handportable terminals i n7quest| on are restricted to be all
close to each other, In that event, any satellite experjences the same
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a nobile station B.is 00. km away, then the nobil.e B shall advance its

transni ssi o mopile station & ist 11300 km aways then the mabile B shalladvaneedtst el [ ite in

Covover .« nEHIBRREY Y 2l MRS E 0BT L 0 AR AR, 5 €157

whi | e nobi | corfipénsaté 610fhe 3004300 knf extra Iobp propagatibnsdelay. | i te. I n thi s case

e b oni 102 Romi, TL'ARR Ay b TRBORR 0 Work Bkt SIS, ¢

synchroni smw't h
10 while mobile B is 11000 km away from the second satelhte ‘In thxs case, the

mobile A must advance its transnussron by 2 ms to ensure synchromsm with
" mobile B as seen from the seoond satellite. Clearly, it is not possible to ensure
synchromsm at two different satelhtes unless the mobxlu are almost co-lomted or
lying along the contour of equal delta-drsmnce from both ‘satellites.
15 ' With regard to Doppler shxﬁ suppose the satellme 1is movmg away from
 the mobile A and towards the mob1le B. The mobile A expenenoes a-1 KHz
Doppler shift of recerved srgnals while the mobile B expenenoes +1 KHz, for
example. This can be preeompensated by the first satelhte 1byi mcreasmg the
frequency sent to the mobﬂe Abyl KHz and decreasmg the frequency sent to
20 mobile B byl KI-Iz “The mobile’ A must also increase its transmit frequency by 1
KHz and the mobile B must feduce its transrmt frequency by 1 KHz so that they
arrive back at the satelhte with the correet relauve frequency spacmg to avoid
interferenice. However the seoond satellite 2 may be travelhng in the opposrte
direction, that is toward mobrle A'and away from mobile B. The second satellite
25 can also precompensate its tranismitted frequencres such that they are received
correctly at both mobiles. However ‘the mobiles must correct their frequencies in
the reverse dxrecuon for the second satellite compared to the first satellite, Thus,
it is clearly 1mposs1ble for two mobiles that are w1dely separated to precompensate
their transmitted frequencres such that th_ey will be received correctly at both

¥



nobil e B as seen fromthe second satellite. Clearly, it is not possible to
ensure synchronismat two different satellites unless the nobiles ar

al rfost co- IoWQt’é’d’“‘?)r | ying along the contour of equal &&FUS2Io4¢5, ance
fromboth satellites. 15 Wth regard to Doppler shift, suppose the
satellite 1 is noving away from the nobil e A and towards the nobi | e B.
The nobil e A experiences a - 1y Doppl er shi f @igof recei ved signal s
while the nobile B experiences + 1 KHz, for exanpl e. This can be
preconpensated by the fi rst satellite 1 by increasing the fre uency

sent to the nobishtellitespyniesshe mehiles are ealodated arHie along;a dine of sonstant ¢
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10 frequency axis to the two dimensional surface of the earth served by the satellites.
In another embodiment of the present invention, the two-dimensional time-
frequency plane is mapped to the two-dimensional traffic service area.
_ According to one embodiment of the present invention, 2 method for
communicating with a plurality of ground terminals using a plurality of satellites

15 transmitting time-division multiplexed signals is disclosed. First, a first satellite
transmits to a first group of ground terminals using a first number of timeslots in a
TDM frame period. In addition, the first satellite and a second satellite transmit
in alternate TDM frames to a second group of ground terminals using a second
number of timeslots in said TDM frame period. Finally, the second satellite

20 transmit to a third group of ground terminals usi:ig a third number of timeslots in
the TDM frame period.

According to another embodiment of ﬂxe present invention, ground terminal
means adapted for communicating via a plurality of orbiting satellites is disclosed.
The ground terminal means comprises receiver means for receiving a signal

25 transmitted in a TDM timeslot from a satellite and amplifying, filtering and
converting it into numerical form for proeessmg Timing means are also provided
for adapting the receiver means to receive the TDM timeslot cyclically from each
of the plurality of satellites according to a predétennined pattern. In addition,
numerical processing means are provided for processing the converted signals




SUMVARY OF THE DI SCLOSURE It is an object of the present

I nvention to provide a nethod to ensure that 5 mobile stations using
adj acent frequencies in an FDVA system are al so adjacent in position.,
Al ter MP9¢¥E042 it s another object of the present invREaVIEN1I64%provi de a
met hod to ensure that nobile stations using adjacent tineslots on a TDVA

carrier frequency are adjacent in position. This arrangenent is

possi ble in sone enbodi ment at least within the limtations of mapping
the one dinensional time or 10 frefuency axis to the two di mensional
surface of the earth served by the satellites. - In another enbodinent
of the praessivedifrome diffesent satelites io-sucha Wayas4p reduce the effects ofesignahcy pl ane is
mapped to %@? t wo- di nensional traffic service area. Accordi ng
to one e &ent of the present invention, a nethod for conmuni cat i ng

with a plural I Accerdingr towne akmﬂbﬂﬂdeq:re&nnmvmﬁdnpmMAmﬁéslaﬁmI lites 15
transmttln t?rzfdlwlfrcgr éLhEIexed Si | s.is disclosed. First, a first
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nunber H,]gqﬁq ted ! Jirst
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second gr Qwpplet, thne solving some wfithe probleqszrited abone. nunber of tineslots in
- said TDM frane period. Finally, the second satellite 20 transmt to a
third group of ground term nals usi ng a thlrd nunber of timeslots in

the TDM frane perlod 3R F THR DRAWINEGS enbodi ment of the
present invention, ground termn means adapted for communi cating via

a plurality of THess; @%iﬁ@@ﬁ%ﬁ%&ﬂ)@édﬂmﬂm wilh e geadilyd t er mi naff

means co glk&?ﬁ «aﬁwﬁ? [ th ‘ﬁwdﬂl pﬁfr?%a&mﬁér &%f&qam tted in a

TDM ti nes ré?n%ggsk?gt e @Ell arrpgﬁci Ing, TI rrng an ¢onverting
it int d%umrmmhjuhcuonwnhthﬁdmmngl whiéhm ng nmeans are al so provided
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processing the_converted S|%gals
Figure 2 illustrates edlsposnnonofgroups of8 t:meslotsoneachoflG
' uplink carrier frequencxes to minimize Delta-Doppler errors; |
15 Figure 3 illustrates the dlsposmon of 5 groups of 16 uplink frequencles

each having 8 timeslots;

Flgure 4 dlustrates another beam pattern aecordmg to one embodxment of
the present invention;

Figure 5 ﬂlustrates a five cell reuse pattern aecordmg to one embodiment

20 of the present mvennon,

Figure 6 illustrates a modified beam pattern wherein correspondmg
downlink nmeelots are spanally adjacent acoordmg to one embodiment of the
present mvennon,

Flgure 7 musn'am an uplmk slot structure for an 8-nmeslot TDMA

25 Figure 8 ﬂlustrates the opnmum tumng for maxmuzmg the guardtune
between sxgnals to be reeexved at two satelhtes

Figure 9 ﬂlustxates the guardtlme needed for satelhtes on the eastern and
western honmns,
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recei‘ved from%m)?f’m’nt satellites in such a way as to reduce l;%msegﬁ ects
of signal f adi ng. According to one aspect of the present
I nvention, TDVA tineslots are distributed to nobiles along the |lines
of constant delta-range to the two satell i_égs 5 while frequencies are
distributed to nobiles lying along the |Iinés of constant delta-

Doppl er, th | vi o | i . .
BRIpEFeE)ESCR:JISDTIS %l\lvI glg: W\’/@%@g&g tiniikg %ﬁgdrg‘;e}g%ﬁgﬁg'sc?%’ﬁesra 2% ur es

and advant ages of cdng@iiatisaention will be readily apparent to one of
ordinary skill in the art fromthe follow ng witten description, , 10 used

in conjunction with tHEigureald ilystratesa grauad station for satellite divegyityaceording to one
illustrates a sca A . i . kve beans on one carrier

to mnimze Del ta%%te% roeféwl“eﬁu%%hﬁ gure-2 illustrates the

di sposition of §roups PBigufe 13 illmstratéssa mobile teemixal fof receiving via a0 plurality iofr
frequencies to mninjze Delta-Doppler errors; 15 Figure 3

Il lustrates the d?‘?yé'?ition of 5 groups of 16 uplink frequencies each
having 8 tineslots; Figure 4 illustrates anot her beam pattern
according to one enbodi nent of the present invention;
Figure 5 illustrates a fi vkl ' | (CAMY d

20 of ‘the present invegld Gl ne Application No. 08/179,953 describes ground based cellular

systems and satellite communications systems that facilitate re-use of the same

10 spectrum in adjacent cells by spatially staggering, for different channels, the
illumination of the service area provided by the base station/satellite antenna
radiation patterns. In the satellite case, a typical antenna pattern can have a
diameter of 1000kM and a -4dB gain change from the beam center to the edge of
the beam. If two portable stations using channels 1 and 2 respectively could lie

15 anywhere in this 1000kM circle, there is potentially a +/-3.3mS difference in
propagation delay from the portable stations to a satellite with a low elevation
angle near the horizon, as well as different Dp_ppler shifts which are at their
greatest when the satellite is overhead. If enough guard time or frequency guard
space between channels 1 and 2 is provided ;g avoid overlap in time or frequency

20 at two or more different satellites, the com@iﬁniaﬁon system would suffer from
inefficient use of the available spectrum. According to the invention described in
the aforementioned U.S. Patent Application, channels 1 and 2 are not used
arbitrarily anywhere within an antenna beag’s -4dB contour. Assuming for this
example that 100 channels are available to be distributed, channel 1 usage is

25 restricted to, for example, the extreme North Western 1% of the 1000kM circle,
channe! 2 to the adjacent 1% mimmeqi%gelywmeeastofmemoftheﬁrst
channel, channel 3 to the east of that and so on in a 10x10 grid ending with
channel 100 being used in the South Eastern 1% of the area. Each 1% area is
approximately a 100kM circle. Thus, the position difference between portable




“Figure 6 illustrates a nodified beam pattern wherein correspondi ng :
downlink timeslots are spatially adjacent according to one enbodi ment of

t he present invention; . Figure 7 illustrates an uplink sI ot
st rucwe9/198® an 8-tinesl ot TDVA;, 25 Fi gure 8 PCINUSISN6448s t he
optimumtimng for maxi m zing the guardtine bet ween signals to be
received at two satellites; Figure 9 illustrates the guardtine
needed for satellites on the eastern and west ern hori zons; WO
96/ 19049 : ~6-
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Fi gur e 1Gtatiohs asingadjacent chanhels horedaced iyes fctor of thirvvith Ssthiinbnsagie! | te
constel |l ati on; Figure 11 illustrates a ground station for

satel | i tere@ouewfﬂgp TEsessAry; time ob frsaiency guard baads nacessarytoPReYeRt esent
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station/satellite antenna

footprint is described below in conjunction with Frgure 1, which shows the spatial

distribution of the eight timeslots of a single carrier. Thrs dtstnbntton deliberately

places adjacent timeslots in adjacent positions, so that the differential delay from (

10 two portable stations using adjacent timeslots to two or more satellites is

minimized. As a result, the guardtxme needed between bursts m order to prevent

interfering overlap is nmummd .

The pattern illustrated in Frgure 1i 1s obtatned by electrommlly resteenng
the beam center for each timeslot. This is ‘preferably aceomphshed by ground

15 processing of signals relayed by the satelhte’s multr-element antenna, as descn’bed
in the above-cited application.

The shape of the pattern does not need to be stnctly adhered to. For
example, timeslot 1 can be equally employed in the bottom left hand eorner
position if that is where a porta_ble_ station exists, and there is miuch latitude to

20 move the microcell positions depending on how much 'guard time is provided and
depending on whether satellite receive diversity i is in use, and on the relative
posmons of the satellites. When the satellites are not on oppostte honmns, the
relanvedelayrslessandasaresultmorefreedomtomoveﬂtemcmcensemm

~ Itis also always possible to move the nncroeells perpendxcularly 1o the plane

25 containing the two satellites, that is along a hyperbola of constant relative delay

 between the two satellites, while adjusting the portable station’s transmitter timing,
ﬁnecessary to maintain the correct relative delay with respect to other
_ transmitters,
- Figure 2 illustrates how the groups of 8 timeslots on 16 drfferent carriers

30 embeformedmtoa4x4pattemusmgthel6frequencres Thtseanbedone

As.




radi ation patterns. In the satellite case, a typical antenna pattern can
have a di aneter of 1000kM and a -4dB gain change fromthe beam center
te the edgeWers6/19049t he beam If two portable stations using PERARI¥IN4 and
2 respectively could Iie 15 anywhere in this 1000kMcircle, there is
potentially a +/-3.3n5 difference in propagation delay fromthe
portable stations to a satellite with a | ow el evation angl e near the
horizon, as well as different Doppler shiZfts which are at their

greatest when the satellite is overhead. |f enough guard tine or frequency
guar d spaces&hﬁhaﬁad)acmdreqhmciesmdumdlm qdmmt@wmﬂwanmnmzmgl ® in
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According to thgonj MESCI‘I bed in the af orementioned U S. Patent
Application channel s 1 and 2 are not_used arbitrarily anywhere w thin
an antenna beani s - 40BacsiHilatger scale; Figurg J ilpstratescthe dispesition pES isueh groyps
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channel 2 to thﬁu@freqx&nMei% a'!ess |49md|6§tltdv¢ betmhighlighted to shiow: the Segrmoap of

the first an,nel c t ast ,of that _,and I n 10x10
grid ending wi t strib “n‘?,"r‘la r@%&&%lﬁﬂp}‘(@‘s@&t‘ﬁi dglg?ﬁa@h% of the
area. Each 1% %ﬁ&mb&msn&ﬁﬂﬂ Q4 538 Rinou?. F2RAlY, GirfusdtRr of Bbitting BRaPOSI Li ON
di fference between portable WO 96/ 19049

PCT/ US95/ 16449 similar to Figuret 3 arecireated; throughoyse o the Mhmglnrwm by a
factor of tehy dbhlhif TRl ditire 640 channels of timeslot/frequency combinations
with a spatial separation equal to the antenna pat_th:n contour’s -4.5dB diameter
(the footprint size). Typically such a satellite wﬂl have antenna means to create a
number of footprints such as 19, 37, 61, 91 or 127, which represents the number
of footprints that can be formed into hexagonal pattems. If the number of
15 footprints equals 37, for example, the total channel capacity provided by the above
method would be 37x640 channels.

It is shown in the above-cited application that arranging the beam footprints
to touch at their -4.5dB contours provides mgether with the inventive signal
processing the highest antenna gain in the worst case scenario while giving good

20 discrimination against co-channel interference from adjacent beams. When the
patterns of the type illustrated in Figure 3 from nexghbormg footprints are joined,
it may be seen that frequencies f1,f17,£33 f49f66forma§-cellre~usepattern
With certain re-use patterns employing a number of cells equal to

2+i+j

25 where i and j are integers, co-channel mterferers are all equidistant from each
other and the rings of 6 equidistant co-channel ;r_gterferers form the vertices of a
horagon. e _

A 5-cell pattern is not in the above nnmber series, and instead has co-
channel interferers located on an ellipse, as shog&;n in Figure 5.



reduction of the necessary tinme or frequency guard bands necessary to

prevent overl ap of adjacent channel signals at two or nore different
satellites. Consi der now an exanpl e of a mxed TDVW FDVA system
havi ng Y0894 e ot s on each of 80 carrier frequenci eSCTHRBNME of the
total 640 channels wi thin each area of size approxinmately equal to the
ant enna beam s 4.5dB footprint is described below in conjunction with
Figure 1, which shows the spati al distribution of the eight tineslots
of a single carrier. This distribut i®n del i beratel y pl aces adj acent

timeslots in adjacent: &gSItIOI‘lS so that the di-fferential delay from 10
t wo portabl@gﬁﬁﬁ &4 &ive freauensiestindicated by the numeralsdotodt | ites i s

m ni m zed. ort u ‘f"aﬁé"' der to
prevent | nt er?erl ng %@grgl 2%’9'. sﬁfn%ﬂ%a Ww%@%t tern

i || ustr at edtherpattergLofesathei frequéntcyi usage. bIt 1ekentthnrthe:he1tzgon patternis slightly t he.
beam cent er f ch ti l ot,. . This i ferably | i shed by ground -
15 processi W Ej’hﬁYéﬁé %%W?ﬁ%‘é%ﬁ‘euﬁf rr& 288Nt ant enna,
as descri Begrawback iificd the totaPMeerferéree 1@%)'%% e sum ofatleast the 6 BBsapape of

the pattern does not need to be strictly adhered to.. For. - exanpl e,

tinesl ot 1 interfeperscandoifisome igterferecs are cldser than others, éhqmmfmmersnmrwﬂl

Pt e 1 obé S5k o AR Iurer e iR GeRNAY BOR oflh Shvs, eI, i, " on o
time is proytdeete-asedpatterns mfbrmdbpwmmm‘mhlelﬁpucammsee diversity
i.s in use, and on.the.relative si ti,ons olfesthe satellites., Wen the

satellites EH@W%W%H‘%EHQF?@ HB?‘FZ’JFI%” Hght ang t‘?@‘P‘ﬂ’F‘l‘\/@m Whl s | ess

and as ajipemidrd udifirm %p&&ﬁ is also
al ways possi b*ée to no ge mcroce S- perpgfndl%ﬁf rly’to the pI ane 25
cont ai ni ng mmemmmmmﬂm@mmm%rbol a of constant
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Figure 2 illustrates-how_.the. groups timeslots on 16 different carriers
30 can be f@?l%&x*sﬁf’ﬁmﬁgmw%ﬂ &m@t%"&etﬁr@&ﬂ@ﬁ@mﬂ% s can be

done 15 the ellipticity of the 5-cell re-use pattern perpendicular to this ellipticity in order to
obtain a nearly umform co-channel mnerferer spacmg Smce 641 and 643 cell
patterns fall in the series descnbed by 1’+13+1 and 640 is very close to these
ideal numbers, an almost umform re—use spacmg is for all mtents and purposes
' achlevable with 640 channels to distribute.

20  Figure 4 1llustrates a modlﬁed cell pattem using only 15 out of every 16
uplink carriers. All 8 umeslots on every 16th carrier ‘on the uplmk correspond to
every 16th out of 128 umeslots on each of 5 carriers on the downlink. The Iatter
umenlots are the paging slots, wlnch are used for network calls to portable

. stations.” The former umeslots become the correspondmg random access channels

25 for portable station mmated calls or for respondmg to network calls. The random
access channels are not specnﬁeally included in the pattern, and can be used on a
less planned grid smce call set-up commumcauons take place on a contention basis

in any case. The approxrmate areas wrthm which the’ vanous random access
frequencies would appropnately be used are indicated in Figure 4. ‘Their use in
30 the vicinity of neighboring frequencies minimizes relative Doppler errors. The 8
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that adj aweme/1Be4@quenci es are used in adjacent groups, thPRETHSHRE4? ng t he
sensitivity to relative Doppler errors which are at their worst when a

satellite is nom nal | y over head. On a still larger scale,
Figure 3 illustrates the disposition of 5 such groups 5 of 8 tineslots x
16 carrier frequencies to forma 640-c&| pattern. The groups usi ng

frequencies 1, 17, 33, 49 and 65 have been highlighted to show the 5-group
di stributi on.tiﬂi@otquallZSSﬁﬁxesieisluseﬂaspagmg 'cllmnéls onahe downlink eprréspondf tot he
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satel lite mul dirirged 513 oes ridt necdaslY hhve ioocdhﬁrkhsﬁi th@@a.xﬁ@lfph fidn 540
channel s of t| mes| ot e uency comnbi nati ons a spat I a separ ation
equal to the $irgecdiffarep @rﬁmmsm&de@nommh@rmk iversity B avill b6t pr i nt
si ze) . Typ| aé satel lite will have antenna neans to create a
nunber of footprints such as 19, 37, 61, 91 or 127, which represents the
numnber of fomﬁmmwmmm@aummaozmmonmmdm | f

ngagwge[)rgf 15 foot rint seﬁﬂjgleqsqégmgfor ﬁf‘ﬁ%&;@i he t ;131"1 c ge-nnel
}E)olt;s)rfgg\ém Ié}o{lﬁkgotoucﬁ at tﬂEII’ -4, g%lB con?ghxg%%vg%gkt ogetﬁg}r.ewith
the inventivethus dispssed in a correspending J-celicreisg ipatiernaas desaribed domtheruplinke wor st
"t or 1 or ondd s om B fhe e e, e Hiveloes o bt lnBe of ciiet ) 0

be seen ¢ hat "?‘;“Eéﬁ%’i]?r‘%‘s"i o rba e o e e Pern,

Wth certain distsaee equal to the whols beam fotprint diameter d;wde@bw%eﬂpare Foet
of 640. This is achxeved by, at call set-up, allocating a frequency/timeslot

combination for communicating with the portable station in dependence on its

15 geographical position, i.e., allocating the portable station the frequency/timesiot
closest to which it lies according to the usage pattern illustrated in Figure 4.
There is no limit as to how close together different frequency/timeslot
combinations can be used, the objective being to ensure that adjacent timeslots in
time on the same carrier frequency are not used so far apart spatiaily that

20 propagation time differences would cause difficulties for synchronization. Thus no

upper limit on call density in a particular subarea is imposed.

By using the above method, non-overlapping timeslots can be achieved at
alt visible satellites simultaneously provided that portable stations synchronize their
transmissions in different timeslots for reception at a satellite imagined to lie

25 vertically above one of the Figure 1 type areas. Then when a satellite actually lies
on the eastern horizon, timeslot 5 will be received delayed by approximately 40kM
(133uS) relative to timeslot 6 and thus a 133uS guard band between timesiots 5
and 6 will avoid overlap. Likewise, when a satellite lies on the western horizon,
timeslot 8 will be received delayed by 133uS relative to timeslot 1 to the left of it,

30 thus the 133uS guard time between timeslot 8 and the recurrence of timeslot 1 will



i[err] +ij + j[err] 25 where i and j are integers, co-channel interferers

are all equidistant from each other and the rings of 6 equidistant
co-channel interferers formthe vertices of a hexag A
5-cel | pXQWRM%S not in the above nunber series, and ing{@gﬁgﬂé@‘co-
channel interferers |ocated on an ellipse, as shown in Figure 5. WO
96/ 19049 :
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Figure 5 illustrates the re-use of fl\}lg'frequenmes i ndi cated by the
numerals 1 tg 5 in differen ceIIs of. e.cell]s y requency
1 are shaded® thah g alsgprevent ove F“ r"i’é"'PMQf&’éJrﬁP?“ﬂba

seen that th A dtifer Sid Satdudrd time id At ERR aI formln
t he case of ce patte?fngc %ds ncgt seri ous, gﬂ(c)ir awbac SI nce the

t ot al mterfmenlapawhmasatelhgehessm mheomhmdforuonl east the 6 cl osest .
interferers, and son:e |nterf
i nterference sum %%F%u%gﬁhgﬁ%%%%%éf?r%&er | ay
at a mean riadfe!ﬁmtdrﬁv\&tal‘ueshr@ﬁbed thatareomgleseerrtﬂheeomhtﬁommnmw be forned
by conbining two such elliptical re-use ai %WI h their major and
m nor axes atatitpdes ﬂr&ngnf@gmﬂmpatlﬂ I%Y%&Pfgﬂﬁsﬂﬁst eféﬁ%?@ uni f orm
spaci ng. Thusg dfiziaX T (18 chseD 3 irRANb A A lidmiBatdr S Uméebek ol ©

nanoer

nore in the serles glVlng equl’ stant lnter erers It
may be noted rmhmnze propagition selnyi dlﬁenehdeu:*.o sateltites ilyingimpinly ig ai southerlpady

' nhomogeneousy it T AR pRkinle ' BBt SLIAE ioh e fpelRideldf "1 Ot 21 &

10 constant differential nme-delay to two satellites, and to dlstnbute carrier frequency
usage along orthogonal lines. Thus, an 8—t1meslot system in which a 20mS frame
on each of 80 frequencles is divided into 2.5mS timeslots can allow portable
stations to transmit for 2 366mS out of the 2. Sms slot, the remainder of the time
being reserved for guard time. It rmght be advantageous to shghtly increase the

15 guard time so that the timesiot distribution could: allow ‘mobiles up to 80KkM apart
to use adjacent timeslots on the same carner, in order to allow that carrier to
supplement capacity in‘an adjacent area served primarily by 8 timeslots on another
carrier. Furthermore, it is permissible for the guard time to be combined with
power up- or down-rampmg for spectral control purposes as it is of little

20 consequence if time overlap occurs with the up- or down-rampmg part of the
TDMA burst, since this section of the burst carries no information.

. 'The above technique allows all portable transmissions to be received in a
non-overlappmg fashion by all visible satelhtes ‘The slgnals are relayed by the
satellites to one or more ground stations, and at each ground station the same

25 portable signal as relayed by two or more satellites can be combmed using any _
" suitable diversity combmmg techmque such as selecnon d1versxty or opnmum-rauo
combining. A gain of 3dB is obtainable when two satellites receive the same
signal of equal quality and relay it. ‘When the srgnal 1s fadmg in an uncorrelated
fashion at the two satelhtes, a gain exceeding 3dB‘s may be obtained by the
30 technique.



)

maj or axis running fromtop right to bottomleft. Thus, it is possible to
arrange 15 the ellipticity of the 5-cell re-use pattern perpendicular to

this ellip¥pe6/tdp4d n order to obtain a nearly uniform POTANS 6849
interferer spacing. Since 641 and 643 cell patterns fall in the series
described by i[err]+i[err]+j[err] and 640 is very close to these | deal
nunbers, an alnost uniformre-use spacing is for all intents and purposes
achi evable with 640 channels to distri-bite. 20 Figure 4 illustrates
a nodified cell pattern using only 15 out of every 16 uplink carriers.

Al'l 8 tineslots orFigurerll somts aground station hhmmmthdnonomﬂeapleasi tivo

every 16th out af 128 tines|ots each of 5 rriers,on the _downlink. The
Tt el for the Bihosesof phiaaios i3 AR dRsrsiny !d‘@g@ﬂef mmk
calls to portadidas recexvesﬂ mwmﬂ&ﬂnﬁﬁ&%&dmmh

correspondi ng random access channels ™ 25 for portaaf‘e statlon |n|t|at ed
call's or for aeplifiersiand feedertink dowrcanyetters toripeoduge domposite mgnalse%lsathZmel s

eos ol anneh SHER st et Bvetafly prbeelllh 185 aPh ol gl 81 e
contenti on baspresents thel snnﬁﬁ&mmmobﬂé&aﬁsiﬁﬁmnsm@ different ﬁdnﬂxeﬁ\/ﬁh&h the

various random agcess frequenci es woul d appropri at el y be used are

i ndi cat ed i n HPEHALE a3 receiygd by eyery heamser elegment; Wﬁ%ﬁelbp SHNBATAYS

f
[reque gg; e, ngny FepAEntatinPinky Sof3NPRE &h aRAIbS e dibBioR muxnplex\é?g?éélér%ﬁs“f?

timesl ots perreasived byreachantenns shmt,mmwdmmst?amqmlmm Nok.
o oS Dpty7, o4 Bapie! WGBS by FLE BB o bt e
necessarily refegerice, (Cunisefuently) ditesitypsigndl PrécREsing unit 102 can comprise an
arrangement for demultiplexing analog TDM streams, analog to digital conversion
of separate TDM samples and digital array processing to form effective receive
beams that discriminate signals received at the satellites from different directions
15 or locations on the earth. The diversity processing then proceeds to combine
signals received at the two satellites from the same location on the earth, i.e.,
from the same mobile unit, as identified by its frequency and timeslot allocation as
well as its direction of arrival. The direction of arrival (DOA) is used to
discriminate mobiles employing the same frequency and timeslot according to the
20 reuse patterns discussed above.
A diversity combiner for each mobile signal can take on a variety of forms.
A first form called a coherent combiner estimates the phase and amplitude of a
TDMA burst received from a mobile separately for each satellite path, by
correlating with a known symbol pattern (syncword) contained in the transmission.
25 The syncword may be disposed in the middle of the TDMA burst. Corresponding
samples received via the two satellites may then be combined with the correct
phase shift and amplitude weighting to give optimum demodulated signal quality
according to known prior art, s&aiting with Signal sainples close to the syncwords.
Samples are then combined, demodulated and decoded moving outwards from the
30 syncwords while updating the estimate of the signals’ amplitude and phase to



since different delta-timng considerations apply for downlink diversity as :_

wll be 5 discussed | ater. The five downlink carriers that
each carry a 128-tinesl ot w deband TDVA correspond to the five uplink
frequenc?xﬁﬁﬂﬂ%§ illustrated in Figure 3, or to five PCIUSAYIS44E t he 15
carriers illustrated in Figure 4. The five downlink carriers are t hus
di sposed in a corresponding 5-cell re-use pattern as described for the
uplink 10 By the above neans, adjacent tineslots on the same uplink
carrier frequency, such as tlneshbt 5 and tineslot 6 in Figure 1, are
spatially separated by - a .di stance equal to.the whole bean1footpr|nt

di anet er di \m@eaubgptm@nsqu&mns exen when amplitedeand phase driftayer thedwrty

et Pkl R chold S bR o, AR RO B o

geogr aphi- caladjmmtbtmsts and also afténatiey to’l@;eﬂéfﬁaudaﬂiea'lghe of tik! syneworsde This

frequency/ti nes - cl osest to Wn}.ch it lies accarding to the usage
pattern i I I LHF‘EFF@EPW%“% hnique o W@Wsﬁﬁmﬁmﬁm decoding &9 ose
t oget her &Odﬁs&ﬁ#d '%tent g¢d, the -
obj ectlve e| ng ensure t hat- ad] acent t S Ot?fﬁf?@iﬁs%{?f er@mgn the samne

carrier freqneorpgramdehmn bygeferencef ar apart spatially that 20 propagation
time differences ul use difficulties.for romzatlon Thus no
pmer 1 Coa At e Aehet oteivbd i S SUGEE PR ey

By using thmmmmormmardmmhnmm CMbrbaeﬁnbbeved at

all visible satel lites simultanequsly praovided that portable stations

synchroni ze WF demodulatogs,may be ifoynd in .8 PrteptApplication Noss08/ Glssg%ept ion {
t t b i 1
pa areold ' Co6sIBM, WkdudIs, fng SRS PREA! N8, 200VC OTeciad 48 ¢F 01 ©
hori zon, ti rmlnbharénmﬂpbrad hmnlbyadfemlca.yétb ﬂmse)pnoadrsqlostﬂesl\ﬂeach
133usS | 13, bapd, bet
s z)t;eSa‘Il\"%“ifﬁ_ F iy, s asfef‘k’eerq@ h SIS | | es

on the westeaaiomﬁmMm proddcuofesfsﬁ-caleun"lsbﬁbdedimm thy Qegrey 133uS
relative to tinmeslot 1 to the left of it, 30 thus the 133uS guard tine

bet ween t i meafTone-nessier noughtnesy'rof & data bitrinstead ofia hard; /@ decision. Soft
15 decisions are preferred when they are to be drversrty combined by addition to

produce combined soft decisions which are then processed in an error correctron
decoder. This form of d1versrty combmatrons may be called "post-detection”
combmanons

Yet another form of drversrty combining i is to demodulate and error-

20 correction decode the srgnal received from each satelhte separately The output of
the decoder consrsts of blocks of data bits representmg a speech waveform over a
speech codmg frame penod such as 20 ms A speech decoder then further

_ procuses the decoded block to reproduce the speech waveform. The error
correction coder may mclude error detectron means to mdrcate 1f a spwch frame is

25 correctly decoded as recelved from one satellite and not as recerved from the
other, then the correctly decoded data block is selected to be passed to the speech
decoder. This form of drversrty combmanon may be called post-decoder
selecnon All such forms of dlversrty combrnatrons are suitable candldates for
the 1mplementatron of the current mventron
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that casewosspmevent overlap. Tineslots 7 and 8 are projRCRESPSAGMDII al | v
to the North and South of each other, so the guard tine in that case
protects agai nst overlap when a satellite lies on the southern

hori zon. If there is a bias in the directions in which a
satellite can lie, for exanple, 5 if13equatorial satellites are used that
are only seen to the south fromnortherly | atitudes, then of course

the spatial |ayout Ditersityreighaliprocsising anidi102 shahpérform thebeemfo'rnﬁag:;d In this

case, a linear North-South distribution of, ti meslots wou nimze

propagat i on d@wdmﬂ%rm,t@vgﬁkpwb@@sw;ﬁ@#ﬁ ’?ﬁmék’s%{;herl y

di rection. I r bol ae
ﬂl}]{?)l% shalt g;;ffxy |=ﬁ tn%g% egﬂlsé foooa%irm&naé Radive. fome

of 10 consta wo satellites,” and to

distribute carthmdznfﬂlesqnmylcbp recelved ondpyR sateﬂltg 1candrangchizd onlyneis satpflite?2 an

8- | whi f f
i vi deq ©nt o 208 Ty da e noed ciefiversind dppiningy ARoieLhigd howevph BT 1E° | ¢
for 2.366nm5 oybceifed With gocd'Sig ﬁdl%&enétﬁwwtﬁlsﬂﬂmtescindtthﬁs bénefit from thebei ng

reserved for guard tine. It mght be advantgﬁeous to sljghtly increase the

15 guard ti ne diversityseombiningisteps| The diversity pig W&IWF@WWI es up to

2?:<(I;/Iwa|t0ﬁ; car'?o%{o%g&ﬁ%ﬁjagﬁg{ﬁhng%amé&l n an 3‘3@%‘2{' area s‘%rG\r/eéIO
primaril %I gy ?rvmchhglcemex('j a:«lsemonewmch also routesdmoded:smblnmmdrafrzmﬂng
Fown. - anpi nip Aublic swilied nepark BSTRY, T56 MSC J08 e, cymamially tFiaudin 2

consequence i fmdHiftRo U¢e kit tRE Firki,Sla¥y, of niididle Portioh of (RWIDMATfetifle par t of the

TDVA burst, since this section of the burst carries no information.

The above t ecaaearding o howswell it lpmﬂ dytthe differens isafplliteso $imultaneouglye i n a
pon over 0 kAR o B At Sl v s U e bRy, 2
station the san@ugh each.
15 The above description applies to satellite diversity on the uplink. Satellite
diversity on the downlink may be achieved using a variation of this technique.
According to the present invention, downlink diversity is provided only for
a second group of portable stations that can commimicate with at least two
satellites approximately equaily well. A first group of portable stations that can
20 only communicate with a first satellite with a good signal-to-noise ratio is served
_only by the first satellite. Meanwhile, a third group of portable stations that can
only communicate with the second satellite with a Bood signal-to-noise ratio is
served only by the second satellite. These three gfoups use downlink channels
which are divided into three corresponding groups:® For example, in a pure
25 TDMA system with 512 timeslots per frame, a first number of timeslots located at
the beginning of the TDMA frame is used by the fitst satellite to transmit to the
first group of portable stations. A third group of fitheslots at the end of the frame
is used by the second satellite to transmﬁ to the third group of portable stations.
Meanwhile, a second number of timeslots located' iy between the first and third
30 groups of timeslots is used alternately to transmit on even numbered frames, for




25 portable signal as relayed by two or nore satellites can be conbi ned

usi ng any suitabl e diversity conbining technique such as selection
diversity or optimumratio conmbi ning. A gain of 3dB is obtainable
when t wowoesapiddt es recei ve the sane signal of equatTapssdrisagy and
relay it. Wen the signal is fading in an uncorrel ated fashion at the
two satellites, a gain exceeding 3dB's may ‘be obtained by the 30

t echni que. WO 96/ 19049 _ _

PCT/ US95/ 16449 _ Fi gur-¢4-11 shows a ground station in

communi cation with at |east two satellites for the purposes of

obt ai ni ng t hexathpld ﬁbmehéﬁtsysadﬁmb&ﬁeseeﬁn@g% lessﬁyﬂfdrﬁﬂﬁi receivers

100 and 101 conpri se steerabl e .dish antennas, |ow noise - anplifiers and
feeder | i nk oﬁﬁ@m&ﬂ% Wpﬁfm%ﬂﬂglbyéa@lmdsﬁﬂh@m 5 whi ch

oL Lo ot P BP bR LSRRGS ABF nugRus OFRARE, D hneihld 2

and t i nay thus appearasdollews: by every beam or el enent of the satellite's
antenna arrays. The representation may consist of an anal og tine '
division multiplex of the signals . . received by each antenna el enent, as
descri bed Pnodd Eranfgat enf AL nl c t|nn Nag 1008/ 17Q Q513 Q8/ 2 389 and ’
08/ 225, 399, all ‘of wh| @& ata |$lcorp'b|r 8 -hetBicne DY eoeses ;sﬂéreEe.
Consequent |y, diversity srgnal processing umt I0Z Tam _corrpri se—an

conversi oh0 of sephradt @ BDV s &pptes| andogiiydi t al |asef.ay. frgcepsing to form
ef fective receive peans tnatr_drscrimnate S|gnc|b recerved—at the (
satellites fromdifferent directions

It can be seen that guardtimes of a couple of timeslots have been antlclpated

between the cessation of one satellite’s transmission and the commencement of the
15 other satellite transmlssmn in order to allow for dlfferent propagation times from
the two satellites to all locations. The questlon is how large these guardtimes must
be, and how the resultant capacity waste can be minimized.
A block diagram of a mobile terminal for receiving diversity transmissions
is illustrated in Figure 12. Signals are received from any visible satellite using an
20 antenna 200. Received signals are downconverted to a suitable low frequency or
baseband frequency using a downconvertor 201 which may be a conventional
superhet or double superhet or may be a homodyne receiver such as is described
in U.S. Patent No. 5,241 702 which is incorporated herein by reference. - The
patent discloses conversmn of received signals dxrectly from the radio frequency to
25 apmtofl Q baseband sxgnals Refinements are disclosed to eliminate the
problemofDC offsetorselfmterferenceuusedbythelomloscﬂlatorbemgon
the frequency of reception. After practicing the refinements, digital
representations of the received complex signal vector are produced in sampled
form, compensated for DC offset. The irnproved homodyne concept comprises the
30" Ato D convertor 202. More conventional superhet or double superhet
downconveftors can alternatively employ an A to D convertor 202 of the logpolar
variety, as described in U.S. Patent No. 5,048,059, which is incorporated herein
by reference. Both methods produce a complex number stream representing the

arrangerrent fven M| i.rle ir‘g ' L g IDM s rnarrs, an |O(‘1 1Q délt&'




15 or locations on the earth. The diversity processing then proceeds to
conbi ne signals received at the two satellites fromthe sane | ocation
on t he ear t¥o 96719949 fromthe sane nobile unit, as identpETrososmgadot s
frequency and tinmeslot allocation as well as its direction of arrival.
The direction of arrival (DOA) is used to di scrim nate nobiles

enpl oyi ng the sane frequency and tineslot according to the 20 reuse
patterns di scussed above. A gpversity conbi ner for each nobile
signal can take on a variety of forns. A first formcalled a coherent

combi ner est i Mpdcgived Rignalh aWhea AATERA uéwﬂmomnussmﬂﬂmatburempmmﬁa ved

froma nobile separatel y for each satelljte path, correlati ng wth a
known synbol pR@MrP MW@)@MMMM@?W%Q% forjaoparti

syncword may bg ilbet p@ia;q To| ¥ Qﬁ?cgw E:I:ﬁ?aﬁ%ﬁid@@
sanpl es recei ve Vi a%Eqm WO sate é’gurﬁ}g -En e con‘[t')nleﬁled t he
correct phise baffef memory mntpbu’t tajD cmvgmrlm fram gvheee itppan berettievediby at ed
signal quality accord nown, pri.o s arting with signal

sampl es cl os§ gither 3csyag H li’ §3ﬁ‘ﬁfl§{§ Fb“tfﬁ% hed, denodul at ed
and decoded noving ?Hwﬁ{cqﬁmf oanroéites&e pOXHBHOF ¢ Mtwres W?ﬁgmt he

estimate of the signals® anplitude and phase to
PCT/ US95/ 16449(syncword) in the buffered sample stream by correlation to produceza timing

burste 0 oottt Hindl R e MAERafUBr LAt RtaB AN Bl b

coded bits in 20@ The timing oot signalsdescribed taltieodevhddulatart the Jodation retheef t and
the right Of ' Q nqgr%g{ydof s-ggllpfes corresponding to the syncword, which are used as a
marker to locate unknown data symbols for decoding. This location does not
change rapidly from burst to burst so long as the bursts are received from the
same satellite. In this non-diversity case, the sync unit 203 only has to perform a
relatively long term, slow update of the timing control signal to track any timing

15 drift due to differences between the satellites system clock and the mobile
terminal’s local clock, or due to satellite motion. However when satellite diversity
is in use such that alternate frames, for example, are transmitted from two
satellites, then it is desirable for the sync unit 203 to determine and track separate
timing estimates for odd and even frames. This avoids the need for the

20 transmissions from the two satellites to be very accurately synchronized which
would be technically more difficult. Thus, when control unit 209 informs the sync
unit 203 that N-satellite diversity is in use, the sync unit 203 determines and
maintains N separate timing statuses which are used according to the
predetermined satellite transmission schedule.

25 A burst demodulator 204 processes the data received from whichever
satellite and generates preferably soft decisions as previously mentioned in
connection with the ground station processing. Soft decisions are delivered to a
deinterleaver 205 which merges symbols plucked alternately from two successive
bursts and from alternately to the right and to the left of the syncwords. This

30 interleaving pattern is exemplary only and not meant to restrict the present




permts the advantageous techni que of sinultaneous denodul ati on and
decoding to 5 be enployed as described in U S. Patent Application No.

08/ 305, 787, which is i ncorporated herein by reference.

Al ter natW?@f}”‘? he signals received via each satellite cBGU/BSYSEEH, at el y
denodul ated using for exanple a channel -tracking equalizer. Mre details of
sui tabl e denodul ators nmay be found in U S. Patent Application Nos.

08/ 218,236, 10 07/ 965, 848, 07/894,93f and Swedi sh Pat ent No. C4838,
all of whi ch are incorporated hé&t<€in by reference. Together t hese

prior dlsclosures teach ul-ation of digitally, u radi o
signal s recdfVemliopy, Wfqlﬁﬂeﬁfﬁ tgmerge data, V@h‘éﬁﬂgg'e%sﬁ -'biﬂjct | on
of so-calle t t g%% ess
“nought - nesghlals‘?};e ba&?ﬁig %ggggglea akh‘g?s deci thl)n %ﬁf
deC| si ons arerqrrcaimctunddwbdcr 206e!»utaraﬂ1ertgob¢anﬂ batsymt;olx:aimnatedudhythaﬂdl tion
pro canbined soft CIS |ch ar in an
error corr echt dnpoder 206 Gan e 0of srbol o brecioi tug be s mmy be
cal | ed " postwalgthe birecorrection de¢tdien iyt modesefficient in reducing éfﬁirs%&i&eh% form of
di versity conbining is to denpdul ate and error- 20 correction_decode the

signal receisptellite path fading os being) temporasilyshadewyed, forexagiple,by agassing ¢ he
decoder consthﬁztks of bl ocks. of data bits representing a speech waveform over
a speech codi ng frame period such as 20 ns. A speech decoder then
further ' proo@ﬁasd&hﬁnﬁ,@hede@dbddahﬂmhé;pe&hﬂmﬂ)mpm@twmveform

The error orrecti o r.may include.error, detgc s to
i ndicate if MM &Cﬁ %‘8? GrheR ERAYEPS FE@GPMfrom one

sat el |1 t e10NPedth! fratfies RGALKALI ?%H‘e}fb? dewcuoxPéH%Ek from'Rié debGder207ECt | Y

decoded data bl ock is selected be passe to_the speech decoder.
This form omeﬂbemyuwdommmweb maspeesh desodar-20d azel BtoA

R e A R S
On occasions, the data deooded by the decoder 206 is a control data frame
called the fast associated control channel.  When this is detected, the decoded

15 message is passed to the control unit 209 to take action such as switching diversity
off or on, changing the number N of satellites in the diversity schedule, or
changing frequency or timeslot used by the receiver or transmitter. Such a change
to the operating channel is also known asa handover, handoff, internal handover
or internal handoff. ' '

20 ~ For the reasons described in U.S. Patent Application No. 08/179,954, there
is prefembly an association between uphnk channels and downlink channels even
when the access me_thods used in the two directions are different. For example, a
timeslot in a TDMA downlink can be associated with a frequency channel of an
FDMA uplink to form a channel paxr for duplex conversations. In the case

25 considered here, both uplinks and downlinks are TDMA/FDMA hybrid access
methods, wherein the former has few carrier fréqiie"ncieé with many timeslots per
carrier frequency while the latter has many carrier frequencles with few timeslots
per carrier frequency. For each downlink frequencylumeslot combination there is
thus preferably an associated uplmk frequency/umeslot combination. The 8 uplink

30 timeslots on one uplink carrier d_xsposed according to Fl_gure 1 map to 8 out of 128
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Diversity Wapeapo49r ocessi ng unit 102 shall performthe bearBGVVRIHEE449
denodul ati on, decoding, diversity conbining and speech decodi ng tasks for

al | nobi |l e signals of which there can be perhaps 10000 si nul taneously
active. One third of these may be received only via satellite 1 and
one third only via satellite 2 5 andl?hus do not need the diversity

conbi ning step. Another third however nay be received with good
si gnal st rengtmeshtsl;pachdbatlél titmesiots on dne lof five slownlink tardiers: hthe purpose of

diversity co ni ng _ste The diyversit cessi | nt| nual |y

nonitors how V\g‘ﬁm&@rﬂfmﬁl’? o W?E%@gﬁ g\n% pé“%’?nf or s

the nobile  statich\iahd i Particsla: & pladdiplinkGrbrtablei stition| tRMshizsibRs bétaeat o

speech to and fromthe pﬂ'n 0 publ |%] swi_t ched network (PSTI\%l The M5C 103 may
Wi

dynami cal | y r Xegention 1ty ethgportable statign pf its gomresponding dpwnlirk fimeslots and dhus of
ddl d
e por 15 Tl e o AEEONA 5 B Wil | S

mobi | e i s routthd needforad daiﬂleﬁemshvoaiﬁiabﬁﬂetmmpermmng acbidirdctional informatidar ough
each. 15 The above description applies to satellite diversity on
the uplink. Sall®¥i it e di versity on the downlink may be achi eved using

a variation of thisThetddifferéht groups of 8 downhnﬁ‘iﬁni!sﬂw& & QohiAnP e/ nap
I nvention, downlink diversity i's provided only f a second group of

portabl e st atitortbe 1fxut6 pattsrn efFigure2+ ahuwmawu%ﬂ Op\ﬂbe uplink issexved | i t es

20 only. comit e aestis 4590 65 o 113 eniUS WOUEE Tt 48 i 2"

rati o i s ser vette uplink isoserwediy ddvenlinkrtinhesiots 2)18]34¢50, den andlisb-@n. cTHespadalgr oup
of portable statrons hat can onI y. CO ni gat ec

satel lite witH¢B3g m{‘r’g the &Méﬁa’&ﬂmg‘q he
second satellite. These three groups use downl i nk channel s whi ch are

divided into three correspondi ng groups. For exanple, in a pur?l_o 25 TDVA

system wi t h 5inter of sheofisarpeto theaenter of flierf2tarea ofEigure 2,t namely ol s | small ed at
t he begi nning of the TDVA frame is used by the first satellite to transmt

to the

. W64 . I
cell diameters, or of the whole footprint size. The exception is that

15 timesiot 16 is used in the cell with f16 as its uplink frequency, and timeslot 17
jumps back to the f1 cell again. However, in Figure 4, frequency f16 has been
removed from the cell pattern to be used as a random access channel, and
correspondingly timeslot 16 is used as a paging channel on the downlink and is not
part of the pattern. Timeslot 16 will be transmitted as a paging channel with more

20 coding and at a power level 10dB higher than traffic channel timeslots so as to be
able to reach portable stations that are temporarily disadvantageously disposed.
The energy for transmitting timesiot 16 at a normal or increased power level can
be directed by the beam steering mechanism to any desired location in the pattern
before taking up the pattern at timeslot 17 again.

25 Suppose that nominally the first half of the. 128 timeslots are to be
transmitted from satellite 1 and the second half from satellite 2. Downlink
timeslots 1,17,33,49,65,81,97, and 113 illuminate the cell using uplink frequency



first group of portable stations. Athird group of tinmeslots at the end of
the frame - 1s used by the second satellite to transmt to the third

group of r e stations. Meanwhi | e, a second nupher i mesl ots
| ocat ed Wﬁgﬂi@\%en the first and third 30 groups of tlmp#é %“ 2 used
alternately to transmt on even nunbered frames, for WO 96/ 19049
PCT/ US95/ 16449 -14-

exanple, fromthe first satellite to1 he second group of portables, by
forward extension of said first™group of ti masl ots and by said second

S 111 0, S0 Rt U o o S| > O
2 3 4 thﬁastfourirere&vedgfromsatemte2 Thehﬁjhh&do@nanm@‘ﬁgs%t " blo

2 3 4 5
seen t hat gaasmglosnumbvoﬂpmneﬂqmmal@, timeslob 6% was directed to the

o the 15 SEEE B Ui a8fBa0r e, ThESocephirP e AR b Rnfllfe oSBT o

propagat i (Sn and ﬂi,SrekpecﬁVely is relatively delayed by a maxitum amount when the satellite
is on the western horizon (to the left of Flgure 4) and the delay is ,/17/ or

about one half of the fbotpﬂht sxze Wheh the footprmt is IOOOkM in diameter,
the delay is about 1.7mS. The relative delay is depicted below: (

10 |[Timeslots 1 - 64 as received at square (1) -

Timeslots 1 - 64 as received at square (15)

15 > <
1.7ms
Now satellite 2takes over, but it must be determined if satellite 2’s transmissions
are timed to dovetail with the end of satellite 1’s transtmsslons in cell 1 or 15. If
the former, and the second satelhte is on the eastem honzon (to the right of
20 Figure 4) then its transmissions as recelved at square 15 will be relatively
advanced by 1.7mS compared to reoepnon at square 1 as illustrated below:

. as received at square (1) Timeslots 65-128

25

received at square (15) Timeslots 65-128

30 ) s«
. 1.7m8
In square 15, there is therefore a 34mS overlap of the transmission from the two
 satellites affecting timeslots 42 to 64 from satellite 1 and timeslots 65 to 87 from
satellite 2. Of these, portable stations in square 15 would have used slots 47, 63



the two satellites to all locations. The question is how | arge these

guar dti nmes nust be, and how the resultant capacity waste can be
mnimzed. wWo96/19049 A bl ock diagram of a nobile terni nal RGYUSPEHY| ng
di versity transm ssions is illustrated in Figure 12. Signals are
received fromany visible satellite using an 20 antenna 200. Received
signals are downconverted to a suitable | ow frequency or baseband
frequency using a downconvertor 201 whi c¢pgdray be a conventi onal

super het or doubl e superhet, or may be a honodyne receiver such as is
descri bed rld 19, SHoRav&") thidis ndw Jddsticiible b tohthé tinienoveripps Athas,, theseei n
by reference. The patent di scl oses conversion Qf recei vegrﬁséitgnal S

directly from tows of ftimesiots arrlost in; squareois, and npne,are lost dn square, ¢ gnal s.
Ref i nenment s ar [ S ' Pa f@%efecida n&%’&ﬁk&f” p}opgﬁ or

sel f interfereﬁ%%“&"ed@gqg{/%‘ﬁg oca osciqf)lbgtsgr el ng on dﬁfu?é%s
frequency of r elosypisiincurredf foe celis byirtg closey ta bell 1 alidaneellel. SIf instead the satellites
representatiops, of the, received conpl ex.signal vecior are oduced in

sanpl ed MWB%&WP@FM@‘&&“% ‘_i‘ﬁﬁ?'gl@fe th?)?rﬁ'ﬂyﬁ'@ concept
conprises the d%@%% RheCBORIE dells wittid reflise ot P8 ind pptoxfitiety e tBitwdoubl e

super het nvertors can alternatively enploy an Ato D
convertor. 202 ofmesiets ovt)phHB avould be loshin some borde: wibed in U S Patent No.

o7 odute a. compl ox nulberol Ty, BE! Sl apem miebe PRRSRGER w8

PCT/ U89g/ 16449|Fig\t;\1;]e 6 such that cecllls 15|andk1 are adjacent. Itdoefs not mattefl that al'.lls 15 and
received sig en a TDVA downl ink transm ssiQ orat .is e oyed, a
portion of tﬂg L7 ane-then motradiacent 35ctErpss are sefv §¥ m‘&@ﬁﬁ%&g&s
particul ar relative delay if the sateilites lie to the top left and bottom right of the Figure

V/8/640

respectively is then reduced to of the footprint size or about 370uS.

Since downlink timeslots are 156.25uS long, overlap can be prevented by
sacrificing 3 timeslots at the changeover between satellites, of which one can be a

15 paging slot. Thus, a worst case capacity loss of 4 out of 120 traffic channels is
incurred in order to provide 2-satellite diversity. Bven this may be avoided by
distributing timeslots along the hyperbola of constant relative time delay to the two
satellites. A further consideration is then needed to derive the corresponding
distribution of frequencies and timeslots for the uplink, which will be discussed

20 below.

With the above method of dividing the downlink frame into three regions
corresponding to timéslots and satellite stations that are served by satellite 1,
satellites 1 and 2, and satellite 2, respectively, the uplink frame, being time-related
to the downlink frame, is likewise divided into the same three regions. The uplink

25 frame however has 8 timeslots on a carrier cortesponding to 8 downlink timeslots
spaced every 16 timeslots in the 128-timeslot downlink TDMA format. The
uplink slot structure is illustrated in Figure 6,

Figure 7 simply divides the 20m$ frame into 8 slots without indicating how

much of each slot is used for ramping and guardtime between slots. Guardtime



nobi | e. The nunber streamreceived during the allocated tineslot can be
recor ded in a buffer nenory in the Ato D convertor 202 fromwhere it
can be retrieved by 5 either a sync unit 203 or a burst denodul ator 204
for prowo9silsngy The sync unit 203 | ocates tRET/psasis4dn of the
known synbol pattern (syncword) in the buffered sanple stream by
correlation to produce a timng control signal and a phase reference
or channel estimate to the burst denodul ator 204. The timng control
signal describes to the denodul ator-20he | ocation in the 10 buffer nmenory .
of sanples corresponding to the syncword, which -are used as a mar ker

to locate lhatwwslmbajsamymmsasy far recieption iby . slirglesatblhteatsincapdnﬂenot
change rapidly fromburst to burst, sol he -bursts, are received from
the S SMUORSEAN SHDIYAN APPTORR @HW%M@WL%WWGM&W 203 only

has to perftﬁ&fh f ShePdatetfle fin 2 Hof-cveE Hefs Ehirg
contr ol na ?nal%f?gk any timng 15 dri due to differe cegyﬁetween t he
satellites mwlﬂnhed atodallsetiup hy thepsatsllite systemtgxmgmq mobilerz ghanpelock, or due

et of Aot S BV o bl Bl Bl Sihe g 15° U

satel lites thérmrlctmal)dmmmiddq: ¥ smiall Rfvafios et alljug@nisconitiakisd bg and

track separate imng estimates for odd and even frames. This avoids
t he need f&ltstlﬂfé“deﬂ(}“tth"am%s fromthe two satellites to be very

accurately sync n eﬁﬂﬂn Jnﬁ&rﬁ“' t.
Thus, when cont Iri% L‘é\‘?t & \?aoysr%) gqggﬁgta ‘ Eﬁﬁf’%g@t?ﬁﬂt satellite
di versity itkatianmokbile, snﬁm’sglglﬂuwﬂlaﬁMMGmmMﬁ'mnt satellitesi Thei ns N
separate n t us whi.ch ar cc dl ng, {0 - the redet er m ned
satelllt)edtomay ﬁm&%mg‘”& S&“ B‘M@P g%g

processes fiifesiod én ﬂfe%ﬁie\@ﬁnkmm{lted mgahsh&p&&xamlmat es
one I n

preferably soft decisions as_previously menti connection with

t he ground dsitardelay, tg thetwossateditess Tbxsmlmw&%beé@w

14
gﬁl:gfag;: Sg\iﬁrga?%éfsts Wom@%quﬁ’jﬁe ri m’ nc} to té}%‘pl eft of

t he syncworthisrecgiving sallitet.er | eavi ng pattern i s exenplary only and not neant
to rest risct the With 7 E'fgrem:e to Figure 7, however, overlap between timeslots 1, 2, and 3
is of no consequence at satellite 2, which is not used for receiving these signals.
Likewise, overlap between slots 6, 7, and 8 at satellme 1 is not important to
satellite 1. - Therefore, mobiles using timeslots 1, 2, and 3 can be nme-advanced
to arrive in Sync at satellite 1 without placing a guardtime between them and
20 timeslots 6, 7, and 8 can be synchronized for arrival at satellite 2. This permits
_ any available guard time to be used for separating timeslots 3 from 4, 4 from 5, 5
from6and8from1asshowan1gure8
With reference to the timeslot dlstnbuuon on the ground shown in Figure

1, namely:
25 65 6 T
4 ot 8
B8 ©

the timing can be further optimized, for example, when the t_wb satellites lie
respectively to the east and west of this distribution. Then, since timeslots 3, 4,
30 and 5 are used at positions approximately equidistant from both satellites no guard
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i neention, RUAREAPA% t s desirable to nerge data received viBCHPPasM4A:

satellites so that one bad path does not result in a bl ock of
successi ve bad synbols into an error correction decoder 206, but
rat her good and bad synbols alternate such that t he decoder 206 can

use good symbols to bridge over the bad-2dmbols. In this 5 way, the
error correction decoder is nore efficient in reducing errors caused by

satel lite path timgiingeaded betwegn timesiotsad,i 4,\and $a dEhe:enlyfoollisions that have tbe

passi ng tr s . odi t S
(speech franes) H’%&é"mﬂa\g&g’li ?@w%%%@%g%ﬁw&%%‘ﬂg#k %&

i ncorporate ot her Theadores avdilblelpuattitinkocancsé furthr comeentiatéd wnheseawo ndi cat ed
by an error detection _check fromthe decgder 207.° Finally,

reconstruct ed wWBREIQRSin thefornat 35, heweadigire e oder 207 are DtoA
ted i h t : i :
convert ed i n §he. conyf ghadfideliusilafouy 1iYCEHE UM it SbERIR

thy
ear pi ece. occasi ons, the-“data decode ecoder E§06 S
a control data framepincreasing sid allbweld alisplacementsafoiobiled eoploying saséllitendiversitthen
this is detected, the decqoded 15 nessage is passed to the control unit
209 to take actmuf&cé‘_"ﬁggwm Ysity = off or on, changing the
nunber N of satellitgf egBivhieft chise/ ¥ises!fr SSRGS Ifing 6fi the northeMy Mk Butherly
frequency or timeslot used by the receiver or tramsmtter. Slch a change
to the oper ati nkorizeasindhen collisions hetwaen timeslots dnand & randhand,6 do not, pequs 48

U8 pat et AQphote iy s oot syelincs” CAiBohd BARRE Bkibts Fihd "
associ ation bet §vaesatelfitel hireqivd iunporsant el sadellitel 1.n Collisions detween dimeslots 6\ahén
el ot in 5 TORR Hoees Armeior 2and: s 98 0L Beter Gnd ity i o oot EwErAR o
an because those timeslots are only intended to be timeslots received by one satellite.
In addition, collisions between timeslots 1 and 2 at satellite 2 are also not
15 important to satellite 2. The optimum timing for"___t'he north-south satellite
constellation is illustrated in Figure 10. |

Thus, by intelligently commanding timing advance of mobile transmissions
from the satellite system according to whether a mobile is intended to be received
at only one or several satellites, the guardtime needed to be included in 2 TDMA

20 uplink format to avoid timing collisions can be minimized or at least employed to
best effect in permitting mobiles to lie anywhere over a larger area.

The operation of the timing controller according to the present invention is
best understood in the context of the steady state in which a large number of
ongoing conversations are taking place in each Satellite beam and making optimum

25 use of all visible satellites in each area.

With an average length of telephone call of 3 minutes and a load of 10000
Erlangs, calls are continuously being tenmnated at the rate of 55 per second,
freeing timeslot/frequency combinations in various beams. Likewise 5§ calls are
being initiated per second, requiring frequency and timeslot allocations to be

30 made. In the case where two satellites are visible, the present invention comprises



FDVA uplink to forma channel pair for duplex conversations. In the case
25 consi dered here, both uplinks and downlinks are TDMA/ FDVA hybrid access
nmet hods, wherein the forner has few carrier frequencies with many tineslots
per  WO®RAM9er frequency while the latter has many cHATWISI4uenci es

with few tineslots per carrier frequency. For each downli nk .
frequency/tinmesl ot conbination there is thus preferably an associ ated
uplink frequency/timesl ot combination. The 8 uplink 30 timeslots on one
uplink carrier disposed accord| ng t42-Fi gure 1 rrap to 8 out of 128 WO
96/ 19049

PCT/ US95/ ﬁetemuung whether satelhte ABor both shall serve a new call The allogation of

timeslots d REexQf rr The

bur pose. of e Bt Sedhle G ST RhiiRoR 36108 e 4, RHBHAHE, SFUPRALS, o 1T i g
in every RﬁnesnhlxsanomwdaﬁﬂregardWoiditgmmwmﬂmpmmlm ofigbingk portable
station transm ssions between the .- recepti-on by the portabl e station of

its corr escaampatena@ms nﬁlShP‘PrHEsWBF’Qm&RB the,game u eagyu TR A ous
transm S§i tﬂ@fﬁ#ﬂoﬁ%ﬁﬂ@th@& gggm.g P&[Mt Q*e station. As ‘a result, t he
St :

need for a duplexer I's aval permtting a bidi rectlonal
i nformation Thef timing conttoller analyzesTthe sdiGability of eaoht frepr imeslotctndS downl i nk

timeslots nadovvnl| car r to i he 6 trern of Figure 2.
Thus. ¢ he SRuECeRRpiRation ThecersFiim, wsed do pEhdpl i fy B E sing

1,17,33,4 &hnnmbt%&mubhm&pwm wnaseanmm'mt;&npn the
upllnk S serve é/mdownllnk timeslots 2,:18,34,50, -etc. and so-on. The

spati al ¢mbﬂemuu¢n,uelmﬂerbeam @e@#r %&‘h.ﬁé%t@fon the downl gnk
I's thusyg f&mnb{ée as the distance between -4.5dB down points on the beam edge with

respect to the beam peak. This criterion is employed to guarantee that the level of
co-channel mterferenoe from other users of the same channel in adJacent beams
will be acceptably low, and is exemplary and not meant to xmply restrtcnon of the
present | invention. The exact crrtena for avoiding co-channel mterferenee from

15 other beams will depend upon the shape onentauon and srdelobe pattern of the
antenna beams.

The information on beam shapes and absolute coordmates of beam center
are known through the satelhte trackmg and beamformmg system and are
combined with an estimate of the posmon of the mobile requestmg a call to select

20 channels meetmg the C/I criteria. ‘The information on the posmon of the mobile
towhlchanewmllshallbeconnected maybeptovrdedmtheformofcorrelatton
coefficients measured for each antenna element for the mobtle signal received on
the random access channel "

The channel eontroller analyzes channels in the list in one of two ways:

25 1. single satellite operation; or - .

2. two-satellite drversxty operatlon, '

accordmg to whether operatlon through satellite A,B or both has been determined
to be preferred. The first method is used if satellite A orB alone is selected to
serve the call.




center of the f1 area to the center of the f2 area of Figure 2, nanely

smal | ﬁg) lsmq&ameters [err] of the whole footprlpa-tr,[gggmgThe
exception is VRLF 5 tlneslot 16 is used in the cell with f16 as its

uplink frequency, and timeslot 17 junps back to the fl cell again.
However, in Figure 4, frequency f16 has been renoved fromthe cel
pattern to be used as a random access changf and correspondi ngly
timeslot 16 is used as a paglng channel he downlink and is not

part of the pattern. ne wi L. ¢ t annel
with nore 20 coding a#beﬁ{? 8§1c£f@§%rpﬁ&tﬁgeﬁt?haﬁ ﬁgﬁchannel
timeslots so as thaliffed. Wxt@lsltﬁnésmpac&rmfwmhen akh@asnmww:mrsetemwA

tenporarily di sadvaritageously di sposed, The energ pYe for trans étl ng
tineslot 16 at a Bobothl onnot indisetbe apsisstatyscan in pgiaciple be ipcong; of

the beam steerin

bef ore taking upgpﬁ%%ﬂ‘&%éggﬂiegtbﬁt‘*#gg%{ ﬁ%@éﬁ%?ﬁ’&r %mg %é%g%&gemﬂ,'b?
nom nal 'y the f§rédschbed bpf the 128 tineslots are to be transmtted
fromsatellite 1 and the second half fromsatell&emei2. Downlink

tinmeslots 1,17, 33, 49, 65, 81, AAURRYBE OR, o R c&4AABBBRy upl i nk
f requency WO 96¢dm04ides do not exist, fmexmple, ABADDBAB, _begause the TDMA

PCT/ US95/ 16449 gk -
frame will be split either with A's on the nght and Bs on the left with D’s in the
middle, or vice versa, but not with interleaved A’s and B’s. Itis also possible to

10 employ an alternative diversity format on both the uplink and the downlink in
which frames are considered divided into diversity operation on the left and right
and single satellite operation in the middle, e.g. DDUAAUDD or DDBBBBUD.
In that case, however, a single satellite operation rggion only for satellite A or for
satellite B is provided, and this is not so useful as it is likely that some mobiles

15 will prefer satellite A alone and others will prefer satellite B alone, even in a
region which both satellites illuminate.

1t is also less likely that states such as AUADDBUB exist, as the timing
controller would already have sought to move the second A away from the D
region to avoid ﬁming clashes between a mobile that is synchronized to one

20 satellite A and a mobile that is attempting to synchronize to both (D). Thus,
DAAADBBB is the preferred arrangement, in which any of the A, B, or D slots
could alternatively be denoted by U if unused. With regard to the repetitive nature
of the frame, the sequence is actually

DAAADBBBDAAADBBBDAAADBBEB... etc.

25 1t may also be undesirable to have a sequence such as BA next to each
other, as in attempting to synchronize with B it is possible the B-mobile’s signal
artives late at A, clashing with the A-mobile’s signal in the following timeslot. I,
however, the A satellite is nearer the B-mobile than the B satellite, the B-mobile’s
signal will arrive at A earlier and will not be delayed into the A-mobiles timeslot.

30 Unfortunately it is often more likely, albext not always certain, that a mobile will




1in Figure 4. The first four of the tinmeslots are received fromsatellite
the last four are received fromsatellite 2. The |ast tineslot

1 while

transmtted by satellite 1 is paging slot nunber 64. Prior t

ti meswags/ivo4ees| ot 63 was directed to the

frequency 15. The reception of these 64 tineslots at squares 1
respectively is relatively delayed by a maxi nrum anount when the satellite
is on the western horizon (to the left of Figure 4) and the delay is [err]

or

in di aneter,

bel ow

about one half of the foeldprint size. When the footprint

o that

squar e PaEUSES/ 16491 nk

5 and 15,

i s 1000kM

: the delay is about 1.7nS.. The relative delay is depicted
pretbﬁ to iipermlvid thelsateflite to which it is neamsranlalotdol thet sasalliter e (1)

Ti maslots 1. as .received, a.t squa
> further away Thus, the B—mobxle’cs trapsmjssi glouiéw §‘§%aﬂ?qd| siyghgy ihkes over,

but |t Mifhe Qﬁd{ﬂ&@&éﬂ@?ﬁi 'theﬁ%éhﬂd’i&m?snﬁsﬁdtﬁ%mesﬁé e?f %rgr et

dovet ai |

with the end Satellite |'s transm ssions i n

tlrredto

t he fornmextmethe second satellite is on the eastern horizon (to the

ri ght oi

v o, ety TNl AR Ry s B T 200

i | | 'ust r ateakoRSbd Hat both share equall)ﬂﬁlertﬁk&if\&lﬁeﬂhg&ﬁw&ﬁﬂlg(é&\smts
Ti mesl ot s. 65- 128 25 :

10

‘That will, however, move the AA’s towards the DD’s, closmg up the unused
timesiot in between. Excepuons can exxst for example, when an indoor mobile
attempts to communmte with the satellite visible through a wmdow at low
elevation rather than to a satelhte overhead and screened by the roof.

As prevmusly descnbed there isa lnmted amount of gua.rd time available
mtheframetomolveummgclashes mdtheunungcontrollerstasknsto

| detemune how to use this effecuvely by placxng it where it is most needed. The

15

20

25

30

Tocations of the guardtxmes in a fully loaded frame are mdtcated by the values t1,
22,3 in the following frame structure, whxch is used : as an _ex_ample rather than
1mp1ymg a preferred arrangement: -

t3A1A2A3t1D1 D2t23113233t3A1A2A3t1D1D2t2131B233t3

Guard time is not necessary between moblles such as Al A2, A3 that are

only desnred to be received by one satellite (A); such mobxles have their
u'ansnnsmons timed to be received i in abuttmg tuneslots at satellxte A and it is of
no consequence 1frecepuon at satelhte B would be overlappmg In fact,
ovetlappedrecepttonatsatelhteBofmobﬂesAl A2,A3 is desirable, as this
shortens the percentage of the TDMA frame that they occupy at satellite B and
thus allows greater guard nmes (t1, 13) to ensure non-overlap with mobiles B3 or
D1 at satellite B. Sophisticated modern signal promsmg techniques such as joint
demodulatron can be 1mplemented at the ground statton to successfully decode
even patually overlappmg timesots, a.nd such processes can be ass:sted by

Judrcxous placement of known sync symbols m the bursts.. The techmque of

demodulation of the strongest of the overlappmg mgnals ﬁrst followed by its
substraction before demodulauon of the underlymg, weaker signal can also be



received at square (15) Timeslots 65-128 30

> < 1. 7n5 I n square 15,
t.here is t NEO¥WIOB4® a 3. 4nS overlap of the transm ssion froﬂ%’gﬂﬁ”
satellites affecting tineslots 42 to 64 fromsatellite 1 and tineslots 65

to 87 from satellite 2. O these, portable stations in square 15 woul d
have used slots 47, 63’ W06/ 19049
PCT/ US93/ 16449 -25- -19- and

79. However, this is now questionable due to the tinme overlap. Thus, three
out of 8 ti meskemployed,casl deseritied in LS Patest 5,401,914 méichris incosporated derein by 1 as

t he transm_ssi ons.for, square 1. are.sel ect to.be syn oni.zed.
Pr oporti onal | yrquggce. Pax%,abg%rﬁg qf%‘g’?ﬁsﬁ’éﬁnﬁﬂ"g fqre, l?%cag]sh‘gﬁ#ét ocell 1
than cell 15. hfhduphithepurpbee &fothe tinih® ontrdllel atoldvoid thisted to be

synchroni zed for a square in the center of the area, the overlap in
the border cells wo¥he invsativestimingicontrpllers thespfores seaks ta Pack-together theo

(| restots ous ol Ghds 0. 0513 R 8 B0 RBG By ony by s 2001

this |oss, tern’mdg e rearranged a ra
Figure 6 such ihaichaewhy thhb theydetupyr the aipimnam timel withbme overldp atesateHite Ahat

douni 1 Nk oar r| 8Rd e gimu tnespan fAsPaOS 9T OYEARCat oLtk Br oLl ALATH pe. 1 op
l'eft and bot t ogyf peiftipallly at G811 Sdtdip ®hen the controller evaluates the available empty
timeslots for connecting a new call, and this may entail re-shuffling of already
10 allocated timeslots if advantageous. The time-packing is maintained thereafter by
the dynamic time alignment mechanism whereby, during a call, a mobile receives
commands from the satellite network to either advance or retard its transmit timing
relative to receive timing. _
Consider the timing controller’s evaluation of an uplink frequency with the
15 current timeslot allocations: _
t1A1A2UDI D22 B1B2B3tl AlLA2UDID2...
The timing controller will already have packed together A1 and A2 such that the
guard time t1 between Al and B3 is just adequate to ensure that A1 does not
overlap with B3 at satellite B, thus maximizing the width of the unused slot U. At
20 satellite B, Al and A2 will overlap and thus occupy less than two slots. If they
did not, the controller would previously or will now reverse the allocations of
mobiles to slots Al and A2 to achieve this. These operations are performed by
the controller using determination of the differencg in propagation times for a
mobile signal to satellite A and B, respectively. o
25 For example, if the propagation time for mobile signal Al to satellite A is
35 mS and the propagation time to satellite B is 38mS, there is a delta delay of
+3mS to satellite B. Suppose now that the ptopagation time from A2 to satellite
A is 35.1mS and from A2 to satellite B is 38.2mS; the delta delay for mobile A2
is then 3.1mS. Then on the same timescale, the slgna]s received at the satellites
30 will be: |




respectively is then reduced to [err] of the footprint size or about
370usS. Since downlink tinmeslots are 156. 25uS | ong, overlap can be
prevente sacrificing 3 tineslots at the changeov dﬁ? e
satellltggayay’mhlch one can be a 15 pagi ng slot. Thus, ﬁ%? %é?“%ase
capacity loss of 4 out of 120 traffic channels is |ncurred in order to
provide 2-satellite diversity. Even this may be avoi ded by

distributing tinmeslots along the hyperbola of constant relative tinme del ay

to the two satellites. A further consideration is then needed to

derive the correspondi ng di strit¥tion of frequenC|es and tinmeslots for .
the uplink, which will be discussed 20 bel ow Wth the above -
nmet hod of dividing the downlink frane into three regions correspondi ng

to tinmeslots and satellite stations that are served by satellite 1,
satellites d 2, gngysatgllipe 2 resactiy th upllnkfrarre belng
tinme-rel at e§taﬂ t@tékgl >QOE Pér;e<_s$ Jh <e_\§f i vi B3d_F t°o the sane
three regions. The uplink 2 frarre however as’ 8 |?Tes?ois"6ﬁ a carrier
correspondi ag B:0 8 dovvnl iaak tigesl@ts p1 ° ppagHd eyerygd6 timeslots in the
128-timesl ot downlink TRVA-$ af-RB$<-~FhL, . ~><-. Upbdnkesl g Sty uctre is

illustrated in Figure &> <=> Figure 7 sinply divi des the 20nS frane
into 8 slots w thout BmS8licalilm§ how much of each slot is used for
ranmpi ng and guardti ne bet ween slots. Guardtine - WD 96/ 19049
PCT/ US95/ 16449 - 20-

It can be seen that A1 + A2 occupy a greater proportion of the frame than ‘

two timeslots at satellite B, due to the opemng up of an 0.1mS gap between them.
- This closes up the unused slot U at B so that the third sxgnal A3 could not be
accommodated as seen from satelhte B without overlappmg either A2 or D1.

5 Overlapping D1 is to be avoided as the D(iversity) mobiles shall be correctly
received at both satéllites. An overlap of A-mobile signals at B however is of no

| consequence as they are only intended to be received at A .

The controller thus seeks to interchange the allocation of A1 and A2 so that

the mobile with the higher delta-delay is allocated the earlier slot, with the result:

At A: tl A2 Al U DI D2 t2 BL B2 B3 tl .....
O e AT Y SIS P IILP I U P IR PN

At B: A2 A1 U DI D2 BL B2 B3 ...
<---!---><----><-..-><-..-><---><---><--->
<=> <=>
3.1nS  3mS

10 wherein ! indicates an 0.1mS overlap between the A2 and Al bursts. In this way,
the unused slot UatB is opened up by 0 1 mS instead of bemg closed up by
0.1mS. _ "

* Suppose the-propagatien delays for a third mobile signal A3 are 34.9msS to

satellite A and 38.3mS to satellite B, with a delta of 3.4mS. If A3 is placed in the

>



between slots is not necessary for reception by a single satellite, since
portabl e stations can apply an appropriate timng advance to their
transmit two®6190a9 ensur e their signals reach the satePFFUSY

non-over | appi ng fashion. This tim ng advance I s established at call
set-up by the satellite systemgiving the nobile a channel 5 al l ocation
that includes timng advance information. The timng advance is

thereafter correctly naintained by small advance retard adj ustnents
comanded by bits included in the23ewnlink slot. It is,
however, not al ways possible to find a timng advance that will ensure
that a nobil eufigsetlitiesior U giid tifnevdohtrolted tovabut with\AR> Adtat satellits Af ehearthere
satellites. The 10 only case where that can %e exactly achi eved i s when
mobi | e st at i ol dsiangePL §-ArS betwesn; AL apd A 't'ﬁE‘ Bame uplink carrier are
di stributed al ong the hyperbola of constant ‘delta-delay to the two
satellites. Thta:specital &aseaw | A3 be D scuBxedt? at Bt. BRus, B3 tl ip...
general, it i s necesxapy-+-0<FAOKHED <G arXdi m><Bbelmreen &0k Xt+o>Pevent
overl ap at the receiving satellites. 15 . Wth reference to
Figure 7, howdwd: overl apABeteen #npflotsDE Bl gBF 3 B3  -is of no
consequence at satellite X~~0HICR $¥-Abt- G280 rof-r3si v ng >t hese signal s.
Li kewi se, overlap bet vvegﬁiggl ot %<§;>7, and 8 at satellite 1 is not inportant
to satellite 1. Theterore 'rm%iles using tineslots 1, 2, and 3 can be

ti me- advanced to arr.ive i n sync at Iy by ' ut placing a
guardtime bet WOST t AeHh %P?ﬁsm%i“gf@%&gé}% hg%ﬂ&wc%tjr?be synchroni zed
for arrival at satgelndre plefertéd SinagbRis Gms for theoyder\ KB A2lA Pagfoliodrst i me t o
be used for separating tineslots 3 from4, 4 fromb5, 5 from6 and 8

from1l as shown in Figure 8. Wth reference to the tineslot

di stribution ogttﬂe grgyndyshoym i @1 Fi gyure p2 2, mansy B3 A4 .....

t5 t6 t7 PROIOICOR W VIS 3T 2 T e O P 2 t3
t2 the timng can be further optimzed, for exanple, when the two
satellites |ieAt B: respectivéBy &0 dhe edt afd st B tBis ---

di stribution. Then, since tifestiotd=8> 4<~..3)<and>S-aP€& oAt positions
approxi mat el y equi di st ant3<u;om bot h é;%tsel lites no guard

5 wherein ! indicates overlap between A3,A2 and Al slots at satellite B, and it has
also been anticipated that the timing controlier would analogously arranged the B-
mobiles to abut at satellite B and to overlap at satellite A in order to open up space
for the guard times t1 and 2.

Thus, the mobiles A1,A2,A3 whose signals are not required to be received
10 at satellite B are deliberately overlapped at satellite B so as to occupy the least
amount of time in the TDMA frame. Similarly, the mobiles B1,B2,B3 are
allocated to timeslots so that their bursts overlap a.t' satellite A but not at satellite
B. L
It may be seen that the systematic strategy that the inventive timing
15 controller employs to achieve this is to allocate méi:‘i_les to timeslots in descending
order of delta propagation delay to the non-prefer;:ég satellite compared to the
propagation delay to the preferred satellite. That is, A-mobiles with the greatest
propagation defay increase to the satellite B over that to the satellite A are placed

first in the A portion of the frame.
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|s need en timeslots 3, 4, and 5. The only collis have to .
Pvg?g?k@?ed with this satellite constellation are %%éﬂg{‘? meslots 5

and 6, and 8 and 1. Therefore, available guardtime can be further _

concentrated to these two positions in the format as shown in Figure

9. 5 Thus, guardtine is usedzﬁt only two of the eight interslot
positions in the frame, increas™ig the allowed displ acenent of nobi | es

A equi val ent - caSumileh uchisy for soly eBon o pir S B “e'q%sé‘r%’ﬂl e g O
sout herly Pomdwﬂtﬁemmem%s&ﬁaxhgws)ﬂaem ci'ea@”'toﬁ and 5

and 6 do not occur as 10 those palrs are equidisfant from both satellites.

Col 1'i si ons lowenfhahtor B.mSincstthe mobHes in a comypletelysfalied A ipogtion ofrthe famei npor t ant

to satellit t ween
el ot s 2 R g orlupy S5 uBF A Gl of BEE; Gheadt ths as p, dfis BYUAE'
because t fﬂ)smrgmrfesgﬂdrd tmeabawhgn thatﬁeanhem partshof the frameait B amicitwes by one

satellite. | n, add coI s .between ti-peslots 1 and_ 2 at

satellite 2%%1’9&@?@ %@S‘el WW?QtMm%@%ﬁtmqmtlmng
for the nor qm# fmﬁ{y}ﬁneﬁ [ I1BgsFi gure
10. tuha E &ne?ﬁtlhg]ent |y cor#rrgﬁ%i&& httslla‘m ngi aﬁglg of nobile

transm ssi oithan the sumrof eintimeslots) so allowing agnargincior gnarg time between:theB nobi | e
ot oS g G B e BOMRIG ARl B 3, L 1
col I'i si orf) can b@atlien iiinZreshufling lexistng hllRARbIOBE Coriversations thaimtesikd ®CL i N
permtting nobiles to |ie apywhere over a | arger area.
accommodate a new call in the optimum manner described above, the timing
controller can first evaluate whether the new mobﬂe fits into available slots in the
correct descending delta-time order without shuffling. Consequently each uplink
carrier frequency in the allowed list is tested to see if any empty slot meets the
15 delta-time criterion. If not, the existing *A’ calls on some Carrier are issued either
with siot change commands or tumng advance control sxgnals or both in order to
shuffle the timeslot allocations to make an optunum place available for the new
call. The carrier which is chosen for the new call i 1s that wnh the lowest co-
channel interference from other cells using the same mmer Altemauvely,
20 adaptive channel allocation scheme based on dollar—cost functions can be used, as
dwcnbed in Swedish Patent Apphuuon No. 9301695—4 in order to make a
wmghted decision based on both co-channel mterference and the amount of timing
reshuffling needed. This Swedlsh Patent is hereby mcorporated by reference in its
entirety.
25 To determine the co-channel interference in an empty timeslot on a given
carner, the channel allocauon algonthm can instruct the ground-based
beamformmg computer to process sxgnals received from the satellite’s antenna
elements (via the feeder downlmk) 50 as to create a recelve beam in the direction
of the mobile in questlon ' '



The operation of the timng controller according to the present invention
S best understood in the context of the steady state in which a | arge
nunber of WO096/18%30i ng conversations are taking place in eRTERSHMI {
beam and nmaking opti num 25 use of all visible satellites in each area.
Wth an average |length of tel ephone call of 3 mnutes and a | oad of 10000
Erl angs, calls are continuously being termnated at the rate of 55 per
second, freeing tineslot/frequency -¢%nbi nations in various beans.

Li kew se 55 calls are being initiated per second, requiring frequency
and timesl ot al | ocaTheinterfererive levadimthedeamris then computedh clncthis,gontext,€\ch+ t es

are visible Uhe phesenle|RUEDNgak GRPRR Sffatd the sartQiRlic 3i8hey and

PCT/ US95/ 1644
det er mi ni ng WhginBsiot foruse 4t dxﬁfex%anIWsthIobatidh@J | serve a new call. The

al | ocati on of t he best sat el |te or satel ite conbij natlon s the first
step. Thereafter, aidealhy,ith&increase in oprchagnel;interfereges,

i di t
2701 1 19, {1 8 hgncl S Shotd Bl Shcdbia B0 i ?éﬁ*ﬁﬁ*éd#ﬁ“@
functlloln of thA sy mmta%c mmmmnngthueffectofaddmgfhetn'éheggmmg

t er analyzes a mesl Qt an
??qugncy combfl %ﬁekm‘t PP &g B@/lﬁgéic@dﬂﬁénwaﬂ herpin ¢ he
sane fr eqsyePéf&eaéaﬂ 'rm%%h@h:aﬁemawelpaffofmsd witibutYroGesiig el ititne.S €

Wi thin 0.75 beam di anmeters of the nobile position, V\/nere the beam

dianeter is detignalsireceived from thesatellite. The caleulation may deinerfacned *off Sine" iown
points on thyg BEANNGEMI%oRphir using the antenna array coefficients of ongoing

conversations using the same frequencies in different locations plus coefficients
determined for the new mobile during the initial call set-up procedure on an initial
access channel. Since this procedure specifically accounts for the proximity or
otherwise in beam-space of co-channel signals, the original criterion for selecting a

15 channel shortlist, namely that the same channel should not be in use within 0.75
beam diameters, is not strictly necessary, except that such a simple initial
screening process can reduce the number of the more complex matrix
manipulations that have to be computed using the procedure described in the
aforementioned patent application. The matrix manipulations give theoretical

20 estimates of the signal to noise plus interference ratios that will be achieved for all
co-channel signals in the system after re-optimizing the signal processing
(beamforming) coefficients upon addition of the new signal. The worst of these is
taken as the "quality” of the tentative channel assignment, and candidate
assignments are ranked in order to this "worst” valye, or the worst value

25 translated to a notional dollar-cost for use with the inventive adaptive channel
allocation scheme disclosed in the aforementioned Swedish patent application.
One advantage of the above procedure is that it can determine the potential level
of co-channel interference and noise, even when some of the cochannel signals are
temporarily silent, so long as a set of beamforming coefficients for the silent

30 signals has been memorized. The disadvantage of the alternative of processing




respect to the beam peak. This criterion is enployed to guarantee that the
| evel of co-channel interference fromother users of the sane channel

in adja will be acceptably low, and is ex d not
meant tg‘sp%ffPWstrl ction of the present inventi onﬁgahgdrséﬁég

criteria for avoiding co-channel interference from 15 other beans wi ll

depend upon the shape, orientation and sidel obe pattern of the ant enna
beans. The informati on opsbeam shapes and absol ut e coordi nat es
of beam center are known through™the satellite tracking and

beanf or m ng r t he position
of the. oo PP A@ds f'diat it js nck QB0 ek o LR i Moo 7"
criteria. Tbmvﬁﬁawﬁmmmh&SNRmemthdm theqewhi ch a new
call shall be connected may be OVI ded in.the. form of correl atiagn

coef fi ci ent §ighela 3nd Surthesmote, due mm&bﬁﬁslmal

recei ved ongy Di hBes channel
control |l er aneqt;‘/iggls&?c anngpis in tﬁeﬁl st In oﬁ ST tscm?)nuvt\l/a?gs 25 1. single

satel | i t e Sofeansmission @TX) is enployedido sonseiviei tiattexyi pawes), tthe rqabtimei on,

accordi ng to, whet her operation through satellitge A B or,hot as been

det er mi ned Situdtion is galy 3 mPmentagy ong bt can vpice activity. s TRe,0ff | it e A or

B alone is "
PCT/ USO5/ 16445%551&@1 éaluation pbdtiefifte HoWedet dan be done aWemBey ﬂl?@é-%hamel

The first ugignals aceiactives using onlyitheir armay e@efﬁm,lmdmmmal slmals aref i r st

anal yzed. \N;lwnéd&b mesl ots per carrier which may each be in use with ‘

satellite A :
10 The above descnptlon deals with the allocation of channels to mobiles that

operatethroughasmglesatelhtem suchawaythattheywﬂlnotmterferemﬂl
each other or with mobiles operanng through another satellite. ‘The case of
assigning channels to a mobile desmng to be received by both satellites in order to
obtain a diversity gain will now be described. _ '

15 It can be assumed that the timing controller already w1ll have contmlled the
timing of mobiles to be received only at satellite A such that their- bursts abut at
satellite A and overlap at satellite B, thus occupying less of the frame period at
satellite B than the sum of their slot lengths. For example, if there are three
signals to be received at satellite A only (A1, A2 and A3) and the differences in

20 their delta propagation times are denoted by d12 and d23 then they will occupy 3T
- d12 - d23 at satellite B, where T is the nominal duration of one uplink TDMA

Likewise it may be assumed that the timing controller will have controlled
the timing of mobiles to be received only at satellite B such that their bursts are

25 received abutted at satellite B but overlapping at satellite A. If the differences in
their delta propagation times (assuming three mobiles B1,B2,B3) are designated by
d12’ and d23", then the three B-mobiles will occupy a time at satellite A of 3T -
d12°-d23°.



B, both, or not in use, the carrier status can in principle be in one of

65536 sates. Denoting the states by A B, U for unused and D for

di versity WO9¢I%43 states may be 5 described by PCT/US95/16449
AAUDDUBB OR DAAADBB OR AAADBBD Sone states do not exist, for
exanpl e, ABADDBAB, because the TDVA frame will be split either with
A's on the right and B's on the left wwth Ds in the m ddl e, or vice

versa, but not with interleaved A's am3lB s. It is also possible to 10
enpl oy an alternative diversity format on both the uplink and the downli nk

in whi ch f r a¥he preferreshframe structurs; for dzcilitating divessisy operptionis actually on

DDUAADD or  DDAEEARRBB and A i Rfbnfd B sfofié Blnify'ys bl 11 O ©
operati on regsawllies|A afidB inahere!detai: A or for satellite B is provided,

and this is not so useful as it is likely that sonme nobiles 15 will
prefer satellite A alone and others will prefer satellite B alone, even in

a regi o whisch _bhot ey sateklitescilNF nades 5 <o .S It is also
|l ess likely that states such as AUADDBUB exist, as the timng

controll er doul d a8 tiowslptshatwsatelidedht to nove the second A away fromthe D
region to avoid timmng clash bet ile that is synchronized to one
20 satellite A and Qrim)%ﬂae ﬁat iﬁft%ng to synchronize to both (D).
Thus, DAAADBBB..Iss «-hespeefesred qrepngengnt, in which any of the A B,
or Dslots could alternatively be denoted by Uif unused . Wth regard
to the repetitive Hignglsgeceived aésatclﬁ@m anme, the sequence is actually
DAAADBBBDAAADBBBDAAADBBB. . . etc. 25 It may al so be undesirable to

have a sequence such as BA next to each other, as in attenpting to
synchroni ze w-k~B <t--13 <posd ¥He- 3 kb-B >ibi-i »'<S-sDgad--> arrives | ate

at A clashjng with the A-nobile's signal in the followng tineslot. If,
however, t g A sat Pmet%é“si’ésﬁﬁﬁ%i the B-nobile than the B satellite, the
B-nobile's signaly wallaarrive 1 Agarlger and will not be del ayed

into the A-nobiles tinmeslot. 30 Unfortunately it is often nore |ikely,
al beit not al ways €erlital-m>that €-moBiSe—a K>

Signals received at satellite B
The above shows that A-mobile signals are received at satellite A with time
15 overiap indicated by ! such that they occupy less than three timeslots. Likewise,
B-signals overlap at satellite A occupies less than three timeslots. The diagram
above however, indicates that mobile A3 is received earlier at satellite B than at
satellite A, indicating that satellite B is the nearer satellite to A3.
While it can occur due to look-angle obstruction that a more distant, lower
20 elevation signal will be preferred, it is more likely that A-signal will exhibit a
mean delay at satellite B and vice versa, leading to the diagram:

oD e D oo D Coone D Cooen D> Ko D> <-;_—_-> K>

8 timeslots at satellite A
Al A2 A3 Bl B2 B3
25 <e—><—><—> S

Signals received at satellite A

I



WD 96/ 19049
PCT/ US95/ 16449 - 24-
pref er t@ooyt%%ate via the satellite to which it is nearest and not to the |,

satel lit 13049 1t her away. Thus, the B-robile's transnPSEUSHEI64400ul d be
advanced slightly in time to avoid overlapping the A nobile's
transm ssions at the beginning of the next frane. 5 The

A-nmobi |l e tansm ssions can |ikew se be del ayed slightly for the sane
reason, so that both share equaIIy t "t ask of achieving the timng
constraints. hat WI |1, however, .nove the AA's towards the DD s,

cl osi ng up tﬁe mseT”> ?ﬁre"ﬁ'l ok Wlﬁ‘t‘lﬁ@éﬁ“‘?d%‘pt‘l%ns can exist, for

exanpl e, when an 8ﬁﬂgﬂ6tslﬂ)§dtélﬁte attenpts to conmmunicate with the
‘satellite visible through a w nd%w at low 10 elevation rather than to a

satel lite overhead antl sA2 eAded by thé?.lroBZ B3 As previously
described, there ig a I|m£ed anoun %) gugrd {e vai | abl e in the
franetoresolvetlmhg'ETashes and 'ﬁ'etlm ctontroller's task is to
" det ermi ne S ow t o Sigmls feceived atcaatele!R/ by placing it where it is nost
needed. The | ocatjons of the guardtines in-a fully | oaded frame are
i ndi cated by t he Yh§tisgcontrolles thys strivesitp finda m@bﬂQ)tQibngﬂrtbm;s geceived ur e,

B angenen; s 19 il G4l Bhe eforcager A 1 U R e, 1

B B2 B3 t 3 is received no later than@nemmeslotrearherthanklemerme,d ateAwamin mobi | es
such as Al, : on.I S be rec y onhe
satellite Mﬁ“ﬁ%ﬁ?f’gg mé’ 0??(5‘5‘5 Mm@ at dhe,e ‘

recei ved 101 satellité iA) Ghé W%ﬁ% wikiet @t kdtélﬁteABaﬁﬁrlé bt ﬁefst%en 090

consequence if recept ion lite B woul d be overl appi ng fact,
over | apped Madibsifee ay IWBM%BH%&WW@P&M& Bole, as
this Wide. hmgasseas%ss, &VaiIAH1E to fRale’sd ThicdthE tive iy roSHELRY 2!

satellite B an
Note that the absolute delay dxfferences to satellites A and B are irrelevant, as we

have the freedom to shift the entire txmmg reference ona partu:ular frequency in a

15 particular beam wrthout mterfenng wrth users on. the same frequency in other
beams. We can also assume that, on average, as many mobiles that wish to be
received by both satelhtes w111 be recexved relauvely late at satelhte B eompared to
satelhte A and the other way around havmg mken out the absolute delay
dxfferenee from two satelhtes to the center of the area in which the given

20 frequency is avarlable to be used. These two groups of mobiles are respectively

| suitable for allocaung to gaps such as the BS-AI gap at satellite A, the equivalent
at satelhteBbemg wider and later ortotheAS-Bl gapatsatelhteBwhrch is
wider and shifted later at satelhte A. A d1versrty mobile allocated to the B3-A1
gap is commanded to time align itself with other signals (i.e., the B mobiles)

25. received at satellite B, while a diversity mobile alloeated to the A3-B1 gap is
commanded to nme-ahgn itself with the other s1gna1s @.e., the A signals) received
at satellite A. These time ahgnment commands are generated by the
satellrte/ground station system after observmg the relative timing of the diversity
station system after observmg the relative nmmg of the drversxty mobiles’ signals,

30 and the advance/retard commands are sent to the dlversxty mobiles as part of the



thus allows greater guard tines (tl, t3) to ensure non-overlap with nobiles
B3 or 25 D1 at satellite B. Sophisticated nodern signal processin
95/1“%@ gr ound

t:iechni quesWOIEA04% | oj nt denodul ati on can be i npl enenPEHVS

station to successfully decode even partially overlapping tineslots,
and such processes can be assisted by j udi ci ous placenent of known
sync synbols in the bursts. The techni q?l'Je of denodul ati on of the
strongest of the overl apping si gnal s fr¥3st followed by its 30 substraction
bef ore denodul ati on of the underly 1g weaker signal can al so be WO
96/ 19049 Slow Associated Control Chann (SACCH) information multiplexed with speech

PCT/ US95/ 1644 - 25-
enpl oyed, as Stngl g%tal n U S. Patent 5,151,919 which is incorporated

herein by r ef 4t haxCthius Beantdeaénmeabbv@hmahmﬂigeﬁt&xm dofigbliertcanr ef or e,
be catastrophic, al t hou gﬁqpur ose of the timng controller Is to
avoid this, advantageoust Y?ﬂ‘é""g@n f?ﬁ‘lﬂ% sapdtimgslaty according ppthey af ek s
to pack tog l}ﬁ“ xﬁ:m ecei ved
princi pal | yejo Equat elTrte %ﬁib?%%@ éiﬁte {éﬁ:tﬁ’ey occB%ﬁﬁt he

m ni mum ti me wthatithe teed\fior wasteful guandtimies irthe TDMA ﬁard:at Iscavoided mMoteowers pan
t t telli Thi
ot ol pal |y adhe Sideatl s aififon ot demmppnfectsSeats the i G adibs levels

enpty ot ffﬁﬁﬁ@ﬂ&rfslghals%iﬂg%é SiincAfréqunbyrhad timeslof EintbinionS i Siher
re-shuffling of already 10 allocated tineslots if advantageous. The
ti me- packi ng ibgam®: nt ained thereafter by the dynamc tine alignnent

e ST o SbY. JEVE 00 e o S Wy o, sBAETRG st e
rel ative to rdéabe relayedibynmore than one satellite to a ground station represents a gain on .
the communications link budget of at least 3dB, as twice the signal power is
captured by two satellites and the ground station can perform diversity combining
to effectively add the two powers together. In the case of fading or shadowing of
15 the mobile station’s signal to one or other satellite, the gain of diversity satellite
reception is worth more than 3dB relative to what the performance otherwise
would have been with allowance for such fading or shadowing.
It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in other specific forms without departing from the
20 spirit or essential character thereof. The presently disclosed embodiments are
therefore considered in all respects to be illustrative and not restrictive. The scope
of the invention is indicated by the appended claims rather than the foregoing
description, and all changes which come within the meaning and range of
equivalents thereof are intended to be embraced therein.



Consi der the timng controller's evaluation of an uplink frequency with the

15 current tineslot allocations: tl1 A A2 UD1 D2 t2 Bl
B2 B3 t1 Al A2 U DL D . BEEhetlmng controller will already have
packed t G¥RPHIN495 Q@SMTS‘E}% that \\t he - guard time tRCHEI%NREM Al and

B3 is just adequd at—A1 does not overlap with BS at

satellite B, thus --s---- wi dth of the unused slot U At

satellite B, Al and A2 will overlap and thus OCCUﬂ‘){lsb&StSHaEB&ﬂRh Iots

t hey did not, the controller wouB# previousl y ver se the

al l ocations of . ‘nmobiles to slots Al andA2toa hese

oper ati ons aEhAIMS: or med by the controller usi m na lon of the

dlfference|weo&gﬂggat|ont|nesfor a ~ mobile S|gnal to satellite A and
B, respective For exanple,. i.f. the.pr.opagation tine for nobile

~signal Al o sat elli teAAnethod of coriunitations withea plumlity of grountitenmninals
satellite is 38 { here i adelta .del.a Q tellite B.
Suppose now BHBE a{aﬁ@"‘w G‘Fﬁ/ VF’(?“S'&‘EIEP“TE?‘L 3“3?’ Ais 35.1
nS and frog ﬁm gtéPEQ,Bls 38. 2rrS the delta delay for nobile A2

is then 3. 1 e sane tinescal.e;: the signals:received at the
satel lites4 30 will betransnnmngﬁmadirmmtetoaﬁrstgroupofgroundtemnnals

PCT/ US9S/ 1843 g a first number of ttmeslots in a TDM frame penod : - 26-
6 transrmttrng from said first satelhte and a second satellite in
7__ alternate TDM frames toa second group of ground termmals using a second ‘
8 number of trmeclots in sard TDM frame penod and :
9 | transnutnng from said second satelhte to a thrrd group of ground
termmals using a third number of trmeslots in sard TDM frame penod

[y
o

2. A method of relaying srgnals from a plurahty of ground tenmnals
usmg nme—dmsron multiple access transnussron toa pluralrty of orbmng satelhtec,
comprising the steps of:

transnuttmg from a first group of ground tenmnals usxng a first
number of TDMA nmeslots mtended to be relayed by a ﬁrst satelhte

transmltung from a seoond group of ground termmals using a
second number of TDMA trmeslots mtended to be relayed by more than one
satelhte and '

\DOONIO\U'#WNH

transnuttrng fromatturdgroupofgroundterrmnalsmathrrd
10 number of TDMA nmeslots mtended to be relayed by a seoond satelhte '

1 3. The method according to claim 2, further comprising:

2 relaying received signals received at at least said first and second
3 satellites to a ground station for processing; |

4 ~ processing at said ground station signals from said first group of

5 ground terminals relayed by said first satellite; and

IS



t1 A:h shtstHasmee laqog t2 B1 B2 B3 t 1 At B:

Al A2 B3 3ns O 1nB
I* can be ‘é’@éﬁ’l?‘ﬁat A a g ﬁ@é-;eﬂAﬁlBﬁﬁﬁr i on of PCRAISHS/E6449 t han
two tinmeslots at satel teB dueto %@

of an 0. 1nfS gap
bet ween t hem Thi s cI oses up {ihe Uat B so that the third
signal A3 could not be acco

ated as seen fromsatellite B w thout

overlapping either A2 or DI. 5 Overl ap}i-ng D1 is to be avoided as the
D(iversity) m)bl | es shall be correctly received at both satellites. An
overlap of Mnmobile si gtmdmsmg & $aid\ground istatiod signals fronosaié thish groupoft hey

are only i nte £ v at. /A The controll er thus seeks
to int erchanggq&g’ét%" "B‘Qt e‘gg y gid sepond sateflite. ¢ the mobile with the

.-

hi gher delta-delay is allocated the earlier sl ot with the result: At
A tl AiZ Al U D1 D2 t2 Bl B3 t1. At B:

A2 Al U % The methpd accppding toaclaim 2, further comprising: >

3.1n5  3nB 2 relaying received signals received from more than one satellite to a

3 ground station for processing; and

jointly processing at said ground station signals from said second
group of ground terminals relayed by said more than one satellite so as to improve
signal quality.

A U

5.  The method according to claim 1, further comprising:
at least one ground terminal adapted to receive signals alternately in
a TDM timeslot transmitted by said first satellite and a timeslot transmitted by said
second satellite.

WO -

6. The m_ethod of claim 1, wherein said satellites employ electronically
2 steered directive transmission.

1 7. The method of claim 6, said electronically steered directive
2 transmission is performed using a phased array antenna.

1 8. The method of claim 6, wherein said directive transmissions are
2 steered on a per-timeslot basis.

1 9. The method of claim 2, wherein said satellites receive said ground
2 terminal signals for relaying with the help of directive antennas.

1 10.  The method of claim 9, wherein said directive antennas are
2 electronically steered.

) R



10 wherein! indicates an O. Iﬁﬁmme A2 and Al bursts. In

this way, t he unused sl ot 'MnséslweBHassBe up by 0.1 nS instead of being
cl osed up by 0. 1nS. ropagatlon dela s for athird .
nobi | e sWQP&19048 are 34. 9nS to | and.38 3InsPCHUSHYISMY t e B,

with a delta of ace 1n t.h WO 96/ 19049

-27- ndtlrre comrolledto abut with A2 Al at
satellite i || be é';\ gap of 0 4nS between Al and A3 at B.
That is: ' : D2 t2 Bl B2 B3

t1 ... At B2 B3
3.1 3l/4ns 1. m@%ewm.leawamﬁ&épﬁr@%mmmen A3 and

p A Es (2 qegqmplished B rERY e sl *ﬁ”ﬁ'“fﬁ‘ﬁ“ﬁw“‘éﬁ“ﬂ&st "2 Cr e

33 t1l... 3 processing them at a ground station.

1 12.  The method of claim 10, wherein said electromc steenng is
2 accomplished with the aid of a phased array antenna

1 13. ‘The method according to claim 10, wherein said directive antennas
2 are re-steered on a per-timeslot basis. ‘

'14.  The method of claim 13, wherein directive reception directions for
timeslots intended for relaying by two or more satellites are placed close together
on the same carrier frequency and reception directions for other carrier |
frequencies are spaced further apart.

HOW N e

15. Ground terminal means adapted for conlmunicnting via a plurality of

orbiting satellites comprising: B
receiver means for receiving a mgnal transmltted in a TDM timeslot

from a satellite and amphfymg, ﬁltermg and eonvemng 1t mto numerical form for
processing; | ' _
6 timing means for adapting said receiver means to receive said TDM
7 timeslot cyclically from each of said plurality of satelhtes accordmg toa
8 predetermined pattern; and :
9 numerical processing means for processing said converted signals

WM & W N =

10 received from dlfferent satelhtes in such a way as to reduce the effects of signal
11 fading. '
1 16. The ground terminal according to claim 15, wherein said ground

2 terminal receives signals from two satellites alternately.

- e —
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At B eanlace 2 B3

Th‘ss ~ NdigCeHRES etween A3, A2 and Al
S°| ot s at sa‘f‘é?q’ﬁ”f”é’ B %m al s @epbaRE at ed RETREPSIBHAEAP | i ng
controll er woul d anal = nobi l es to abut at
satellite B and to overlap at satelllte Ain order to open up space for
the guard tines t1 and t2. Thus, the nobiles A, A2, A3 whose
signals are not required to be recei ved3710 at satellite B are deliberatel y
overl apped at satellite B so as to occupy the |east anount of tine in
the TDMA frake. SindT.ar|The groundrissminad agiording BB claime 15, whergin manmen@l

'It3| nmesl ots soztﬁ{&e Ibr{emg ﬁc&%ﬁﬁﬁg@éﬁ%ﬁ %ﬂ&% g;; F at satellite

i nventive tlﬂtm@mm15 controller enploys to achieve this is to aIIocate
nobiles to tineslots in descending order of delta propagation delay to
the non-preferred satellite conpared to the propagation delay to the

preferred sagjel |iteyg Thag qr&}ndﬂeﬂﬁhbl'ﬁ c&aﬁ?g{cg%t@ﬁ atgmlll\ﬂrmat i on

del ay increase to the sat te B over hat to are pl aced

first in the2Ahpmghiuse ofa mult-satellite relay network)\@ofprisings 9
PCT/ US95/ 16449 Time-Division-Multiple-Access transmitter means for transmitting

4 signal bursts at regular intervals in an allocated timeslot and on an allocated

5 frequency; and |

6 timing means for regulating said burst transmission times depending
7 on whether said bursts are intended to be relayed by a first satellite, a second

8 satellite or more than one satellite.

1 19. A ground terminal according to claim 18, wherein said timing
2 means is controlled by commands received via said satellite network,

1 20. Timing controller means for controiling the transmit times of a

2 plurality of satellite ground terminals in dependence on whether said transmissions
3 are intended to be relayed by a first orbiting satellite, a second orbiting satellite or
4 more than one orbiting satellite.

[y

21.  The timing controller according to claim 20, wherein said control is
2 effected by transmitting timing adjustment commands to said ground terminals
using one or more of said orbiting satellites as a relay for said commands.

W

1 22. A timing controller according to claim 20, further including:

2 comparison means for comparing reception quality of a signal

3 relayed by at least said first and said second satellite and making a decision

4 whether said signal relayed by said first satellite or said second satellite shall be

‘R R



- 28- Simlarly, mobiTeés for sole reception by satellite B are

ordered in the B portion @f;skheet He 86 Replacetbscendi ng order of delta
propagat i i increase to A to B. Since Eﬁ les ina .
~ conpl eteﬁgﬁtﬂ A portion of tHg mm‘ﬂi WI Il then o%%l ??g})g‘gg t han
the sum of thei LA BT\ W i dt hs provi des 5 margin for guard
time bd h‘h_grAparszEIDl Marts of the frane at B and between the B
portion F%E;fl_refollovmn portion. Likew se, the B nobiles
in a fu _._-—---—: on of the fraf will be received at A occupying a
time | ess mes| o-_al l.ow in for
guard time %m rmg%&e%yﬁghgmggﬁftmgﬁ (eﬂﬂesdﬂ'gﬁ ween the
B and Apartg gﬁﬂyriﬁogeg@aemﬁ; A - Rather than reshuffling
exi sting al I ocat on of conversati ons to tinesl ots to acconmodat e a new

call in thel optl nmum marsetermining meansqlepending on said decision for determining@ | er can

first eval ﬁé&ﬂ%& bi l.e.fj V& t he
correct desc ndirng ggiuf%ffﬁn‘g order hﬁm[% %tl&#)?%lng. @nséquen %7 each

upl i nk carrier frequency in the allowed list is tested to see if any
enpty slot ets t del ta-ti crifperi | f not, .the existing 'A
calls on s car rzg'er aﬁ’@ Hmipg CoNLED. Tfeﬁ ﬁm Prising;q e commnds or
timng advapce contro Mgas &meimb&t:&nhﬁn&wﬁda one;kwnh

timesl ot allocations to make an optinmum place ava t he new

cal | . The chradaptrit ¢hsaidh preferrecbtimingt or t he new caII |s that with the | owest
co- channel interference fromother cells using the sane carrier.
Alternatively, an 20 adaptive channel allocation schenme based on (

dol I'ar-cost1functizans cpme timingeentrolles of claim @35 wheRhlsdid: cSimpdadh Pat ent
Application No. 93016954, in order to nake a- wei ght ed deci si on based

on bot h co-%msmtmémmwmsmm timing; of geveral of;said 1 7| i ng
needed. Thi )g%\ﬁ‘ﬂiéﬂqﬁﬁlé xﬁlfa?ﬂ gated by reference in its
entirety. % eﬂ?td?%ane g co- a'ﬁﬁel interference in an enpty
timesl ot on a given carri er the channel al | ocat | on al gorithm can

I nstruct t grou ba : rocess signal s
received fromt herbgat elsﬁ\ettgmg pcﬂﬂ“?ﬁ% San ¢ r

downl i nk) s@&mﬁadsmehesﬂdmﬁl\geomaﬁmﬁoﬁswﬂd@t fhiei! tradkmit timingé t he

mobile in Sti
! ! Clﬁijemcluéi)u'ng an mterchange of timeslots one with another

1 26, The timing controller of claim 22, wherein saxddetermmmg means
2 determines sa1d preferred tnmng S0 as to avmd time overlap at more than one

3 satellite between two signals transmitted by two of said ground terminals and

4 intended to be relayed by said more than one satelhtes

1 27. A method for i 1mprovmg radio eommummtxon service quality

2 between a radio communications network and subscnber stations usmg at least two
3 relay stations operating to provide path diversity, comprising the steps of:

4  transmitting a signal burst containing information to a given subscriber

5 station using alternately a communications channel ‘available to a first of said at

6 least two relay stations and a channel available to a second of said relay stations;
7 and

. CitL M 8§ %



WO 96/ 19049 T

PCT/ US95/ 16449 Thls Sheet Has Been Rep faced -29-

The int erfemwwe\/el t faegH t hi SPCIIVISAE449 " co-
channel signal s" rreans re aRESEA ame uplink frequency
and timeslot for erent | ocati ons.

| deal |y, the increase |n co channel I nterferece caused to other signals by
5 the new signal should also be accounte@9for in determ ning the optinum
channel . A systematic procedure for estimating the effect of adding
the new signalg is whxldsadlﬁlaexdlaymdﬁoﬁls Eaﬁsnnthn@mmgmiﬁmrsntmd@mmm 953,

and i s incorpgqrat ed herel n, g efe ence Th| orrput ation nma 3
perforned wi tﬁ Pf‘?'ﬂ?d Jelay stafign o FF’(’ﬂﬁ/‘fﬁ urst
satellite. The Rﬁiﬁﬁf&ﬁt%ﬁﬁﬁe@ﬁaﬁ&r?ﬁrﬁ?&vﬂf'l ine" in 10 any suitable

conputer using the antenna array coefficients of ongoing conversati ons
using the sanme frequencies in different |ocations plus coefficients

determnedfor the n ile during.th |mt rocedure on
an initial accegé\‘l étpo&’g‘fcﬁgcgn g?’egﬁaj@“s%g&c l'y accounts
for the proxi mbdmﬂlﬁmcatxons%hﬁkﬂfewa@ehéh&ﬁmaﬁ r@cmﬁeslbhﬁﬂﬂ@épeﬁuﬁﬂm s,
the original criterion for selecting a 15 channel shortist, nanely that

the same chanAeTDMA frame periodcombinaiewith gradioreagency chapnel gllocaligt ers, s
not strictly necessary, except that such a sinple initial screeni ng
process can reduce the nunber of the nore conplex matrix mani pul ati ons
t hat have to Be corrp?&ed Agnethod heeopling taiclaim 82 swhersiacsaidhreldyestations are
af orenment i oneg 8@1: | i cation. The matrix mani pul ati ons give
t heoreti cal 0 f the signal to noise plus interference ratios
that will be achieved for all co-channel signals in the systemafter
re-optimzing the S|§nal processi ng

1 A subscriber terminal for providing voice or data communications

2 with a radio communications network employing path diversity, comprising:

3 receiving means for receiving signal bursts alternately from a first

4 transmitting station on a first communications channel and a second transmitting

5 station on a second communications channel; and

6 processing means for jointly processing information received in successive
7 bursts comprising information transmitted by said first station and information

8 transmitted by said second station in order to provide an improvement in signal
9 quality by path diversity,

1 31. A subscriber terminal according to claim 30, wherein said first and
second communications channels are defined by designating a timeslot in a
repetitive TDMA frame period and a first and second radio frequency channel.

w N

32. A subscriber terminal according to claim 31, further comprising
agile channel selection means capable of adapting said terminal for operation
alternately on said first and second communication channels for reception of
alternate TDMA bursts.

SW N e
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(beanform ng) coefficients upon addition of the new signal. The worst of

these is taken as thé "quality" of the tentative channel assi gnnment,
.and candi dat e assignnments are ranked in order to this "worst" vaue, or,
t he woP&96(13%43¢ 25 ed to a notional dollar-coSCTUSISE4E with the

i nventive adapt+w€ Clig al-l ocation scherre di sclosed in the

af orenent iy sBeedl” §F appiication. One advant age of the above
procedure \ls tha‘ﬁh‘? ap-—getek M ne the potential |evel of co-channel

i nterference even when sﬂ?re of the cochannel signals are
tenporarily S|Ient so Iong as a, set of beanfqormng.coefficients for the

silent 30 signdds hAdubscaberterminal,acgordingto claign3R, wherein said agile al t er nat i ve
of proce %ﬁel selection’fleaty/ifcl0dkS a frequency hopping synthesizer.

PCT/ US95/ 1 _ - - 30- :

real -time signals is that it is not desirable to Vary t he coefficients of
ongoi ng copversations to test, how pfuc NR Lloss is entailed in
accommddting t & n subscriber; tormy mm{"ffi‘?‘ #‘g Qﬁﬁ?“tsﬁldsﬂi‘ms of the

co- channgl dﬁéﬂﬂ?bﬁeﬁﬁéﬂ‘&dlﬂm&&then not iebdedt and id Srobdsihg Hheai®i Ce
activity in one direction, (i.e. Discontinuous S Transmssron (DTX) is
enpl oyed3tthenmm%nlfammm rm\@d)frommmtelay station.  sjtuation is only a
nonentary :one that can change with voice activity. The off- i ne

channel eval uation procedure however can be done assum ng all co-channel
signal s are act3se, Assumm*urmm accordirpytocadaifrl 30;i wiirein saidcrelajei r act ual

signal s . not needed.- The above .description deals with the
al locat i n“%ﬁ“’”éﬂ%ﬁh’ﬁq grougg- hassd F@Qﬂme stations, orbltmg satellites or airborne

3 relay stations.

1 36. A subscriber terminal according to claim 34, wherein path diversity

2 opération is activated when said subscriber terminal can receive at least two of the
3 relay stations with sufficient signal strength and deactivated when the s1gnal quality
4 received from any single station is more than adequate

1 37. A subscriber station according to claim 34, wherein diversity

2 operation is selected when said terminal is located in a border region between two
3 relay stations and deactivated otherwise, thereby effecting soft handover when
4 transitioning between regions served by different stations.

This Sheet Has Been Repla

L i

—_—

I



:operate through a single satellite in such a way that they wll
each other or with nobil es operating through anot her

interfere with
satel l'it exydbgropsse of
tecei ved by both satell
now be de;;:khpd—-—&S

al ready w Zoni/sr o
at satelli te'%mscﬁh t haf
at satellite B, thus oc
than the sumof their s
signals to be received §
differences in 20 thei
then they will occupy 3]
nom nal duration of one
may be assuned that the
timng of nobiles to be
are 25 received abutted
the differences in
mobi | es B1, B2, B3) are d¢
B-nobiles will occupy a
WD 96/ 19049

PCT/ US95/ 16449

The preferred franme str
actual ly DAAADBBB 4
recei ved at

L
"

not

assi gni ng channel s to a nobi | PCRAEPBIIYOt 0 be

tes in order t(n
It can be assu

fed

| ed the tinf-guﬁmcmnﬁfles to be received only
el Lol St — setetH-te—A=ant—oyer | ap
upying | es e frame ps at satellite B
ot | engths. Por /exanple, if Yhé€re are three
Saﬂﬂtlee A ;nly (A, A2 ang A3) and the
del tagpropagafi on tirges are glenoted oy d12 gnd d23
-d12 - 423 at satellitg B, where T isjthe
pl i nk TDVA Li keyse it
tNm ng contrgf | € ihe
recejved gty at bursts
at_sat el A If
teir delta prop
si gnat ed by then the thnge

time M4SMGH‘

sture for facj
nk\this is

tating divergit

di12' -d23'.
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éatalites A and Bin nore detail: 5 8 tineslots at satellite A

Al A2 A3 Bl B2 B3 Si gnal s received at
satellite WO96/19049 8 tinmeslots at satellite B PCT/USIS/16449 A2
A3 Bl B2 B3 Signals received at satellite B

The above shows that A-mobile signals a@e/rEceived at satellite Awith tine
15 overlap indicated by ! such that they occupy less than three tineslots.
Li kew se, B-signals overlap at satellite A occupies |less than three

timeslots. The diagram above however, i rpeh hat nobile A3 is
received earlier at satellite B than at satellit¢e A indicating that
satellite Bis the nearer satellite to A3. ile it can occur

due to | ook-angle obstruction that a nore dijstant, . ower {20 el evati on
signal will be preferred, it is nore likely][that Agsignalf will exhibit a

mean del ay at satellite B and vice yersa, —t=g2ading to the|di agram
8 tineslots at satellite A Al |A2 A3 Bl B2 B3
P
L T
P4
Y
[T}
~“
G
b2
[ o
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*25 Signals received at satellite A WO 96/ 19049

PCT/ US95/ 16449 -32-

8 timesl owomhissatel lite B A A2 A3 PCT/USIS/16449 p1 po
B3 5 Signals received at satellite B The timng
controller thus strives to find a rmb3|/97to be A3 that is received at
the satellite B no |later than one tineslot earlier than Bl and vice versa,
t hat B3 is received no |ater than one tineslot earlier than Al is
received at A This ensures that a ga f at |l east one tineslot width

exi sts between B3 and Al at the 10 satell A, the sanme gap being w der
at satellite B, while at | east one tjm wdth is free at satellite
B between A3 and Bl, the equival ep Side B bei ng wi der.

The gaps are now gvailable to alfocat®tp T I versity nobiles.
Note that the absg ute delay dyfferences! e patlel/lit&s A and B aBe
irrel evant, as 9§83 have t r eed rn_rLc“ni%t the &ntire timng
reference on a pafticul ar fregbeney——h'a 1B par i cul ay beam wit thout
interfering wtd Esgrs on t anejfre c‘?i;jraher ] Bans| W can
al so assune thaE S0R averagd| ag mgny no@Tles{thatf wi s e received
by both satelligesgd || Qe ngcelved Jr olofuel y IatLe] at |sateftite{B conpared
to = | w UE=
\ -1~ = £3=
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"satellite A and the ot her way around, having taken out the absol ute del ay
difference fromtw satellites to the center of the area in which the given
.20 frequeMO961804vai | abl e to be used. These two groups of REIRPHLIMR o

respectively suitable for allocating to gaps such as the B3-Al gap at
satellite A, the equival ent at afl&lite B being wider and later, or
to the A3-Bl gap at satellite B which is w der and shifted |ater at
satellite A A diversity nobile allocated to the B3-Al gap is
commanded to tinme align itself with other signals (i.e., the B nobiles) 25
received at satellite B, while a diversity nobile allocated to the A3-Bl1

gap is comandg O\ ti ng gn i N\ W t d Ot hg gnals (i.e., the
A signals) received ars\§ e rese B ath\y Qmmands are
generated by the f,\m)-; .@. f-<=4= S %).:. ving the
relative timng of @s ,;@ a4 A3 ¥sepVi ng t he
relative timng of " < )‘ 3
DA iil | ‘I O v —’

%

advance/retard co @ 22 t of the
WD 96/ 19049

PCT/ US95/ 16449 Sl ow
Associ ated Control (fa @ SN h -Gl @ & @ speech

or traffic data. $ @). @,- gh de a@s o/how an
intelligent timng ) 7 G -Xe[=]o), 3 7/a philes to
frequenci es and ti meshaj fM@; 8 TRE / @ \\am b be
received only by a @}-q()—‘ D3e Q&‘{‘ ‘{@y , such
that the need for W ar ] (' “Q*\.‘,;‘\ R

g ) d . N X : 5 Oy ded.
Mor eover, t he &Y :F‘t AT O e, rence due
to finite sidelobe % ‘ .

©> 8 X
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“fromother signals using the sane frequency and tineslot conbinations in

ot her beans. 10 It will be appreciated that an i nvention that
.pernits tWe e nobi | e si gnal to be rel ayed by nor ePEHHBSHAM?
satellite to a ground station represents a gain on t he communi cati ons
| i nk budget of at |east 3dB, as tﬂ5d§7the signal power is captured by
two satellites and the ground station can performdiversity conbining

to effectively add the two powers together. In the case of fading or
shadowi ng of 15 the nobile station's signal to one or other satellite, the

gain of diversity satellite recepti n worth nore than 3dB rel ative
to what the performance otherw se -whul dl have been with all owance for
such fadi ng or shadow ng. It ~w+{ be appreciated by those of
ordinary skill in the art that the [préasent ]Tl i nvention can be enbodied
.in other specific fornms without degartipnglropthe 20 spirit or essential
character thereof. The presently] di‘sgtoesed endgﬂinents are therefore
considered in all respects tofBelill ustratijve d not restrictive. The
scope of the invention_i g indicated]by {helappended clains rather than
t he foregoing descri ptji ob—atd alll thanges ich come within the
meani ng and range of qui Mal ents-{t hejeot—ar¢ i ntended to be enbraced
t her ei n. - 34 -
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"1, A nmet hod of communications with a plurality of ground term nals using
a plurality of satellites transmtting time-division nultlg?exed signal s,

.conpri si Nyot9%a9Md? eps of : transmitting from&

ellite

to a first group of ground term nalssup g a first nunber of timeslots in a
TDM frame peri od, transmttlng fromsaid first satellite and

a second satel rTTE art a f@TTEE?i"56‘3{%@Egﬁﬁggrﬁugﬁgr‘ground
termnals using a sggond ﬁtﬁ g? ti slo? i n*Sai fr period; and

transmtting fron1sa|q>‘§cond satelll e to g}thlrd group L ground

termnals using a third
2. The met hod according to c a|n11 fur

L’mﬁ[ 9F 11 Swgs N %ﬂfﬂm@'\é T ypeepAti10d.-

her conprisin at

| east one ground term nal adapte signal s alternately in a TDM
timeslot transmtted by said flr |t£ and a tineslot transmtted by
t

sai d second satellite.

hod of claiml1l, wherein said

satellites enploy electronically steered directive transm ssi on. 4
The nethod of claim 3, said electronically steered directive

iransrri ssion is Whﬁfﬁd Wﬂﬁ 5.. The
met hod of claim3 I’EII‘ 55 d rec rve Sans I?onggare‘l‘s‘!teered on a

per-timesl ot basis. Ground term na

nmeans adapted for

[ [ i & apru F?g’g;“ﬂ"‘?bﬁ?"“'ﬁ? ‘Tﬁﬁg{"gﬁg@ﬁ”ﬁ?ﬁ%{‘
rcg(r:neriu\r)lercatrr:sgﬁsv:‘ or recei ‘h 'Yl;? |8nal ngtgsm tet DI\/: ti H-'JF 1Trom a

satellite and anplifying, filteri verting it into nunerical form
for processing; I nd géE%Zn or adapting said receiver
nmeans to receive said TDMtinmestot cyclically in different franmes from each

of said plurality of satellites according to a predeterm ned pattern; and
nunerical processing neans for processing said converted signals received

form
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“different satellites in such a way as to reduce the effects of signal

f adi ng. 7 . The ground term nal according to claim 6, wherein
.sai d grouwegsasownal receives signals fromtwo satellitePCAIUSIHHed%®| .
8. The ground term nal according to claim 6, wherein said nunerical

processing neans includes deinterl eZvan] means and error-correction
decodi ng neans.

35 9.
times of a plurali
said transm ssig

Timng controller means for controlling the transmt

f satellite ground termi nals in dependence on whet her
e intended to be rel,#fed by a first ogigting
satellite, a secOnd lorbiting satellite gfr nore than one grbiting satellite
to avoid tinme overl between trangnmssrons fromthe prarartty of ground
termnals to the firfst and second arbiting sptellites, conpriging:

means for dividing channels into a fpl PN tylof tingslo rmoups, wherein a
first group of tineslots are for groumvfﬂrrr nal s cgmmé]ilgzg)i Ng

ith the
first satellite, a third group of tl{inmeslots pre for [ground tefmrals
comuni cating with the second satel-l-u—t-e—a-ndj' . a SeCONd=gHeouH-=ad tifmes! ots
are for ground termnals conmunicating with the first and second
satellites; neans for determ ning propagation delay of si
ground terf™ials to said first and second satellites,

' 1 :

BURST
1 S oemopuLaToR | DEINTERLEAVEF———*1  DECODE

nals from

{26
Naws s |
TIMING / CHANNEL T — J
N ATEs !
. Y |
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°

means for assigning ground termnals fromsaid first gre)l}p t b p@oﬂty(:q_ 68 i
greatest pr at acédncrease to the second sat ez(%@ 1y, L

tthat of the to timeslots at the front 0f” sa ,flr\stt groﬂ@QB
of ti maslots, ans for aSS|gn| ng ground term fal s fromsaid
third group t e greatest progaEge s+gases to the
first satellite corrpared to that of the SCH@M@HM@E{EM i mesl ot s at
the front of said third group of tinesl ogg

REPLACEO ”e timng
controller according to claim 9, wherein said" s erfected by

transm tti Sgptdcessad) onsjhetiersighals @ﬂﬂ%ﬂd@ $aid $indt And rséwﬂd sh@[Ifitd'éHafl g¢Si Ng one
or nore of said orbitin satellltes as relay for said commands.
11. At brdowglycprocessed;and according to cI aim 9, further including:

conpari sonynmeans for c f. .a r.el ayed by at
|east said first and gal se %%M%%ﬂgggwlﬂﬁ%‘fﬁmw 4rhet her
sai d si gnaB prefeayeddvdiye forisdid tl'ansnﬁt thaing| dfi dt deast omedbUsatd guEd Sérfihdlst € shal |
be processed or whether signals relayed by said first and second
satellites shall be jointly processed; and determ ni ng
means depepdin sai | d value for
sai d tragsgit '? i %@ng o?h(gt nzgagcghnfg%’lér gﬁ' gﬂfl’f’gﬂ irqgﬂ%ée‘?ﬁpﬁglﬁ

The tim ng2control | er meanstaitransmit af conrnand tnomﬂatsllemy.one ground terminal to
means to t% rqt a _caomrand % said at | east one ground termnal to adapt

it to sai iﬂ?’g B9 SH9H rT'i"H‘ﬁ.5 1MIng. 13. The timng controller of claim
12, wherein said command transm ssion neans transmts conmands to adapt
the tim ng of several of said ground term nals at approximtely the sane
tine. 1 1424.  Tihectiming ¢nptroben o‘tb¢lam 23§ whergimsaiBcommandi n

adapt thoi 7 FREmuM R miE PURRRG Ll SRR B Tl v ARE S one

Wi t h anot h®rground terminals at approximately the same time.

12.

25.  The timing controller of claim 24, wherein transmission of said
2 commands causes said several ground terminals to adapt their transmit timings
3 including an interchange of timeslots one with another.

26.  The timing controiler of claim 22, wherein said determining means
determines said preferred timing so as to avoid time overlap at more than one
satellite between two signals transmitted by two of said ground terminals and
intended to be relayed by said more than one satellites.

W

27. A method for improving radio communication service quality
between a radio communications network and subscriber stations using at least two
relay stations operating to provide path diversity, comprising the steps of:

transmitting a signal burst containing a first part of an information signal
using a communications channel available to a first of said at least two relay

stations and transmitting a signal burst containing a second, different part of said

N A R W N -

information signal using a channel available to a second of said relay stations; and
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- 36 - 15. The timng controller of claim1 1, er nsard, S0
det er m ni ng rreans determnes said preferred timng so a ‘¥ e

{
overl ap at m)r &}ﬁ@ﬁeeﬁ&& td te between two signals t ans ed by two:m6

of said ground ntended to be rel ayed b sar d_no
satellites. m
qual ity between I cations network a

hod for inproving [fa
l _ | ons
using at least two relay stations operati38g to p | ,
conprising the steps of: transmtting a signal bur st cont aining a
first part &f an iwtﬁhrsahiﬁmnrdagmttomsimgxsmlmngmnngmhbuxmm g lgivenel

avail able to st of said at re stati nd transmtting a
si gnal bur & S@?ﬁ‘if‘é?rnﬁwna using said ?'?IE\AE?‘H“‘LQKtsaIGfSC d'efi SHURtPon si gnal
using a chgnighs@ital bk e at&’ifﬁrei?ﬁﬂi%@n@ér stdtiont 4n@lvide- rfz-l lons; and

while said first relay station 1s transmtting a signa burst to a given
subscri ber station, usrng sai d avail abl e channel on said second rel ay

station to  transm urs Lffer rl.ber tat n and

vi ce-versa.l 2% me oﬁeqcﬁ%% zJ’l’ herpin; 3 vaﬂﬁﬁgr einsaid
avai | abl e C20%Mﬁitﬁﬁdah@ﬁ\ssctfahﬁé!@ﬁféea%h%h@ﬁétlén%lﬁbﬁﬁttﬁﬁé A6€lindy répetitiv® sl ot in
a repetitive TDVA frame period conmbined with a radio frequency channel

al | ocat i on.3 TDMA frame period\combined withcd radio freqeensy ghanneballegatiori n sai d
relay stations are orbiting

1 29. A method according to claim 27, wherein said relay stations are
2 orbiting satellites.

30. A subscriber terminal for providing voice or data communications
with a radio communications network employing path diversity, comprising:

receiving means for receiving signal bursts alternately from a first
transmitting station on a first communications channel and a second transmitting
station on a second communications channel; and |

processing means for jointly processing information received in successive
bursts comprising information transmitted by said first station and different
information transmitted by said second station in order to provide an improvement

O 0 I QN B W N

in signal quality by path diversity.

31. A subscriber terminal according to claim 30, wherein said first and
2 second communications channels are defined by designating a timeslot in a

3 repetitive TDMA frame period and a first and second radio frequency channel.

32. A subscriber terminal according to claim 31, further comprising
agile channel selection means capable of adapting said terminal for operation
alternately on said first and second communication channels for reception of
alternate TDMA bursts.

W N e
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satel lites. T 197" A subscri ber term nal for gﬁ/ﬁ/ g Z C‘ebol? Lé%
f

communi cati ons mngbhe@t}{aggéeg gayni cati ons networ k/e pat
Eq transmtting station on

dj versity, corrprl recei vi ng neans recei ving signal
bursts al ternatel
conmuni cati ons econd transm tt

comuni cati ons channel ; and proceSS|ng

ocessi ng

transmtted by said first station and dlfferent |nformat|on transmtted by
sai d secondlstati 038.i n Arsiibscriber mminaﬂmrﬂihgrm claimB2t wharein gridlagdeal ity by

path diversjty. . .20 . subs I ber term nal according to claiml19,
wher ei n sai & %ll}apg‘?‘ sgleqtion BARS RenGE hORPIRE SYRNEHZET et  ned by
designating a tineslot in a repetitlve TDVA franme period and a first and
second radi o frequency channel . 21. A subscri ber term nal
according tbd cl ai n340, Amubmmectmmmai;ac@régg lte clabm 30e whersie said gathreans
capabl e of id ter atl on said first
and second go&%ﬁ'ﬁ tg&??’& °%ﬁ%‘h"h%3§ac}1 gﬂe%F&’aﬁdg %E@W B s.

22. A subs Cﬂhbbgfo&esemhn@%%&lm fr@mcd gihple ArahsmiMifg Siatiogai d agile
channel sel ection nmeans includes a frequency hoppi ng synt hesi zer.

- 37 -
35, A subscriber terminal according to claim 30, wherein said
2 transmitting stations include ground-based cellular base stations, orbiting satellites

3 or airborne relay stations.

36. A subscriber terminal according to claim 34, wherein path diversity
operation is activated when said subscriber terminal can receive at least two of the

transmitting stations and deactivated when said subscriber terminal can receive

BHOW N e

only one of the transmitting stations.

37. A subscriber station according to claim 34, wherein diversity
operation is selected when said terminal is located in a border region between two
transmitting stations and deactivated otherwise, thereby effecting soft handover

HOW N e

when transitioning between regions served by different stations.
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. . . Pegep Gopf
‘23., A subscriber termnal according to claim19, wherein said path

diversity operation can be deactivated when not needed and said processing
nmeans then processes information received froma singl rahsait.iing

station. 24. A subscriber term nal according RE?M@I\@N}J S}m ein

said transmtting stations include ground- lpsed cel lulgr Udbe stat+on
orbiting satellites or airborne relay stations. @Nsiy@sc” Qer
term nal according to claim23, wherein path diversity; pe?é\j

activated when said subscriber terminal can receive at ttun of .the
transmtting stations and deactivated when said subscrl ber termnal can
receive only one of the transmtting LAINENS.
station according to claim2 3, wherein diversity operatlon is selected
when said termnal is located in a border region between two transmtting

stations and geact jvadirsh &t&ﬂ{n‘m&&tﬁﬁ{;@ﬁ ) lﬁ‘gl Q)tf &{nﬁ%rtmmﬁg ggi\r{ge A when

transi ti oy BeLAEIgR. E&Mﬂﬁgﬁﬁﬁy@ HRLS spinprig i e

:sr:al{nelnlgl tC;nt:ou gnsmilug P" etod"h %'EOHB §’éﬂ“&t‘ Wit udiBas are
i nt ended I{Sg “B‘é’

1

"j

"? raB‘Fl?Ff‘?‘?r satellite, a second orbiting
satellit nor e 8 romhsad figs téﬁ?‘é‘ﬁ nden gepond, Wicllite jinalterpete TRMbet ween
transm sg'F‘B‘F& 3 W?%émﬁptﬁ’lf &rqung t‘%ﬁ“‘@ﬁlﬁ)‘dﬁi’(’% # 89candh Apmberoofitimestaty it saghiDM
second ofBMEPEEHOLAM | it es, conpri si ng: means for distributing

timeslots to gr ountansatitting ftosm sdid sepond sasellitsf to achizd griupdd|graurdiangeinkle usiag d
first and thiedowndbaralf ¢imestoéssin sadddl'DM frame periains for di stributing frequencies
to ground termnals lying along |ines of constant delta-Doppler.
2. The method according to claim 1, further comprising:
at least one ground terminal adapted to receive signals alternately in a TDM
timeslot transmitted by said first satellite and a timeslot transmitted by said second satellite. -

3. The method of claim I, wherein said satellites employ electronically steered
directive transmission.

4. The method of claim 3, said electronically steered directive transmission is
performed using a phased array antenna.

5. The method of claim 3, wherein said directive transmissions are steered on a
per-timeslot basis.

6. Ground terminal means adapted for communicating via a plurality of orbiting

satellites comprising:

receiver means for receiving a signal transmitted in a TDM timeslot from a
satellite and amplifying, filtering and converting it into numerical form for processing;

timing means for adapting said receiver means to receive said TDM timeslot
cyclically in different frames from each of said plurality of satellites according to a
predetermined pattern; and

numerical processing means for processing said converted signals received form
different satellites in such a way as to reduce the effects of signal fading,

7. The ground terminal according 10 claim 6, wherein said ground terminal
receives signals from two satellites alternately.

8. The ground terminal according to claim 6, wherein said numerical processing
means includes deinterleaving means and error-correction decoding means.

A, R L



-38- 5 processed or whether signals relayed by said fi Md—m
satellites shall be 6 jointly processed; and 7 PLCEME e ng
means dependi ng on said decision for determ ning a ] f or
said transmt timng of at |east one of said ground 1-

23. The timng controller of claim22, fyrther co

means to transmt a command to said at |eaSt one gr v o' 3t adapt
it to said preferred timng. 1 24. The tilm ng controller of

claim 23, wherein said conmand 2 transm Ssi on neans ormands to
adapt the timng of several of said 3 ground termnals at approximtely the
same time. B, TimingZ&ntrolidihBedus To@n&BMink Ahd RinsRit Gh& dPZAurantiesei n
transm sgiffe Q,T-ou%a't@rmfnéi@fﬂ@e@@ﬁdeﬁé’él&?&h&ﬁérdsaﬁﬁt\fﬁ{sﬁ-bss%@Hﬂ:din{dr’x&éﬂ 6\1 S to
adapt 1 hgj, %Jﬁﬁg%mttor&hﬂ}; QSiice, a%@édﬁg'd?ﬂiu sét&h?ef ts one

W th anol0kte to avoid time oge beth Rt dsmlﬁgm ﬁ{ralﬂ o? gfaoun erpg@%gel :

tsfilng gst(ffg‘lﬁsqﬁ (ipgdto a{ﬂn He lgega ‘T two signals transmtted
by tvo of saiBeH {3 apels ifpyd gl rﬁ%%ﬂﬁwaeﬁ@ 358“9%?”2‘9"&&‘ BT ZFHARSr ¢

t han onelBeties pre; f@g groun termmais communicating with the first satellite, a third group of
timeslots are for ground terminals communicating with the second satellite, and a second group
of timeslots are for ground terminals communicating with the first and second satellites;

means for determining propagation delay of signals from ground terminals to said first
and second satellites;

means for assigning ground terminals from said first group that produce the greatest
propagation delay increase to the second satellite compared to that of the first satellite to
timeslots at the front of said first group of timeslots; and

means for assigning ground terminals from said third group that produce the greatest
propagation delay increases to the first satellite compared to that of the second satellite to
timeslots at the front of said third group of timeslots.

10.  The timing controller according to claim 9, wherein said control is effected by
transmitting timing adjustment commands to said ground terminals using one or more of said
orbiting satellites as a relay for said commands.

11. A timing controller according to claim 9, further including:
comparison means for comparing reception quality of a signal relayed by at least
said first and said second satellite and making a decision whether said signal relayed by said
first satellite or said second satellite shall be processed or whether signals relayed by said first
and second satellites shall be jointly processed; and
determining means depending on said decision for determining a preferred value
for said transmit timing of at least one of said ground terminals.

12.  The timing controller of claim 11, further comprising:

means to transmit a command to said at least one ground terminal to adapt it to
said preferred timing.

13.  The timing controller of claim 12, wherein said command transmission means
transmits commands to adapt the timing of several of said ground terminals at approximately
the same time.

14 .  The timing controller of claim 13, wherein transmission of said commands
causes said several ground terminals to adapt their transmit timings including an interchange of
timeslots one with another.
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1 . 27, A method for inproving radi o conmmunication service _q;al ity 2
bet ween a radi o communi cati ons network and subscr ighg & AR 1y at
&Mﬁgﬁﬁgﬁw rising

| east two 3 relay stations operating to provide pg il

the steps of: 4 transmtting a signal burst} dontaining a f|r<t part
of an information signal 5 using a communi_cations jchanf& JUNdP9&blie{to a
first of said at least two relay 6 station€ and trianmsmtting a sidndl burst
containing a second, different part of said 7 info nHﬁ"Gﬁ”"”s'T“g“r‘f?mm ng a
channel available to a second of said relay statiops; and psemzzzd
- 39- 8 while said first relay station is transmtting a signal

burst to a gimen ITsURSHL RRlroldrafficRim 1‘15 wRGreRfdath &Y%Hu‘?i;% %IL%ESaJP(QgRJmIRQS sai d
second r@Jx@}fre‘fér?éd (i %ﬁ@ sé SRR i

station h&E5 g tm&rgﬂ% e%;% Se% A
wher ei n gﬁ%aﬁtvm*ﬁ@s Sfldc onnd, ez |ona§dé annel% %\Feay§3 Hia‘f“ﬁ’é:ttg?rf oO¥d by

atine s In a repetltlve 3 TDIVAframe perlod conbined with a radio

frequency channe | 0 0 A nmet hod according to clai m
27, qWher gl n Zl;b %‘{ é’t" "?}H"é)vg’rge‘a@oé’f’m‘ﬁ"%@“%‘h?eﬂlp? feality between a radio

commumcatlons ne work and subscriber stations using at least two relay stations operating to
provide path diversity, comprising the steps of:

transmitting a signal burst containing a first part of an information signal using a
communications channel available to a first of said at least two relay stations and transmitting a
signal burst containing a second, different part of said information signal using a channel
available to a second of said relay stations; and

while said first relay station is transmitting a signal burst to a given subscriber station,

using said available channel on said second relay station to transmit a burst to a different
subscriber station and vice-versa.

17. A method according to claim 16, wherein said available communications

channels are each characterized by a time slot in a repetitive TDMA frame period combined
with a radio frequency channel allocation.

18. A method according to claim 16, wherein said relay stations are orbiting
satellites.
13. A subscriber terminal for providing voice or data communications with a radio

communications network employing path diversity, comprising:
receiving means for receiving signal bursts alternately from a first transmitting
station on a first communicationschannel and a second transmitting station on a second
communications channel; and
processing means for jointly processing information received in successive bursts
comprising information transmitted by said first station and different information transmitted
by said second station in order to provide an improvement in signal quality by path diversity.

20. A subscriber terminal according to claim 19, wherein said first and second
communications channels are defined by designating a timeslot in a repetitive TDMA frame
period and a first and second radio frequency channel.

21. A subscriber terminal according to claim 20, further comprising agile channel
selection means capable of adapting said terminal for operation alternately on said first and

second communication channels for reception of alternate TDMA bursts.

22, A subscriber terminal according to claim 2 1, wherein said agile channel
selection means includes a frequency hopping synthesizer. -
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1 .+ 30. A subscriber termnal for providing v0| ce or data ]
comuni cations 2 with a radi o comuni cations netwg 1 E

di versity, conprising: 3 recei ving nmeans f E mgs » bursts
alternately froma first 4 transmtting station o g4 first commrﬁc tions

channel and a second transmitting 5 station on a Sedong Scipi®i&ati ¢ns
channel ; and 6 processi ng neans fod7jointly drocessing inf tion
received in successive 7 bursts conprising infor omrtransmtted Ry said
first station and different 8 information transmtfed by said _second
station in order to provide an inprovenent 9 in signal quality by path
diversity. 23 A subs&dber terihisll R diRg fo él@ifnmme\bhe@éiﬁ%ﬂlﬁ&& diQerit@i m 30
wher ei n 3aiadoh tiPbe A0 FatSPGRAING QRBIAT 58 shid Mo b@ Bk nsahén fRtLR&d by

desi gnat Qg a:dd x@ééibé&frb ﬁ%léﬂgﬁéﬁﬁdn‘é%ta{[ frarre period and a first and

second radi o frequency c ann A subscri ber term nal
accordi ng to er. _conprisi | e, chann tion.neans

e o Siispriber adhating] RORYyi 5%?‘3?? gﬁ( SRR it
Eﬁﬁasegdﬁﬁu&&a%aﬁ R U °’§é 5 pr ATBATP RN SR, Dur 51 o

25. A subscriber terminal according to claim23, wherein path diversity operation is
activated when said subscriber terminal can receive at least two of the transmitting stations and
deactivated when said subscriber terminal can receive only one of the transmitting stations.

26. A subscriber station according to claim 23, wherein diversity operation is
selected when said terminal is located in a border region between two transmitting stations and
deactivated otherwise, thereby effecting soft handover when transitioning between regions
served by different stations.

27.  Timing controller for controlling the transmit times of a plurality of satellite
ground terminals in dependence on whether said transmissions are intended to be relayed by a
first orbiting satellite, a second orbiting satellite or more than one orbiting satellite to avoid
time overlap between transmissions from the plurality of ground terminals to the first and
second orbiting satellites, comprising:

means for distributing timeslots to ground terminals along lines of constant delta-range
to said first and second satellites; and

means for distributing frequencies to ground terminals_lying along lines of constant
delta-Doppler.
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said agl le 2 cha | ection nmeans | uigeiBugauf r equency hoppi ng +
Synthesi Ze{NTERNATIONAL APBFICATION PUBSHHEDPUNDER THRFATREG UCOFERATION heeRT8QrcT) X

wher ei eSSt oper-atom—caTrve—aeact—vated—wrerT ot
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singl e it raki9ABA1Ag station. ARBH v [ph&rmn 20.06.908%
accordiing to claim30, wherein sal d2itra m”f'émﬁmg? atciptgonq ?nc‘l a&”um 1996 (20.06. 8m:

ground-based cel | ul ase statlon | eII| n

el sk fnpmtona Aphleaton Nemigs ™ | © Ryt o Pleinaa sl o7, Bl & A M mr . .

34, wher(ﬁ)iht&&msmmgb&ety &Whmmu@s tlvamd:w\/ne,nasa:rzdusuhsns lLinen:U L:U!\étg
T

ternminal can recel ve at least two of the 3itr ansﬁﬁggﬂz NG, NZnhPL, PT, RO,

deact i va(%osg sai d subscriber terninal can re K‘@L% YL a%;“mﬁ‘;;!’f;“
transmi %&0”5 12 Bocember 1994(13?294)\/415'5%5“ 8y OAPI peaQBE B EGF &, C1, oM,
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A method and apparatus for communicating with a plurality of ground terminals using a plurality of satellites transmitting time-division
multiplexed signals are disclosed. First, a first sateflite transmits to a first ‘group of ground terminals using a first number of timeslots in
a TDM frame period. In addition, the first satellite and 2 second satellite transmit in altemate TDM frames to a second group of ground
ferminals usmg a second pumber of timeslots in said TDM frame period. Finally, the second satellite transmits to a third group of ground
terminals using a third number of timeslots in the TDM frame period,
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