WO 99/ 40693 -

PCT/ US99/ 02333 METHOD AND APPARATUS FOR COMVBI NI NG
TRANSPONDERS WR\IN#693 PLE SATELLI TES PCT/USHOPH
VI RTUAL CHANNELS BACKGROUND OF THE | NVENTI ON

5 The invention relates to sa I te_conmmuni cati ons systens

tel
general ly, and nore partiMﬁTﬂQ ﬁ@%?gﬂﬁﬁgugd:nqﬁnq:@ﬂ$w~ﬁ/stens
whi ch divide the transni t TRANSRQNDERS ONMULTIRIVE SAFELRITEStent, to be
synchroni zed and reconbi ned i n t INTOVIRTUAY CHANNELS Thi s concept
applies readily to broadcast applications, but it not so limted. 10
The satellite industry has experienced a progression of
per f ormance enhancenents evi denced by increased transmt power

capability of satellite transga%kodﬁarageﬂ_ltq E?J'ﬁébf‘”pl i fier (LNA

characteristics, and snaller recerving antennas. M\, Sat€llite systens
wWith a large nunber of_receivjn sltati ons, i,{ﬁ i's Egjrti cularly inportant to
15 % educe the cddie Breption relates; to; sajelile comRNIGAtERSiysteMIyst em wi th

a snal |\ st ' ; etic
Fequi rement s, " Thea Sradnaft RRulERy B el S nRamBR s AR
an increase in tngishaivids thowansmittgalisighal, @itter it powar ot i corntent, to be
acceptabl e signal-to-noise ratio (SNR) with the snmaller antenna. As 20
satel lite users riypEhfanizad 3@ ressnRined in AR secriYisg tterminghel hisosricept
transponders, fallj f I M i E

reduces the cost Acﬂﬂ“gﬁglg?&i%g Wﬁ?@@?@*i%ﬁ%ﬁﬁ@%@%&/@?' power
-transponfir with the sfhd satellite irjustrphaanéxperienseda progression of

recei ved power at the LNA tog low to maintain, SNR requirenents. 25

The. present i nverRarEiMages andiapremeat:evicenced by ibFrrased Fansant ROWRRI s

Lo B P oL L, SpablBnSPenaNe vahGotil, 3Red 100 10l HeBLY 1Sl
characteristics, and smaller receiving antennas. In satellite systems
with a large number of receiving stations, it is particularly important to

16 reduce the cost of each receiving unit and to design a system with a
small receiving antenna to meet installation and aesthetic
requirements. The need for a small receiving antenna has motivated
an increase in transponder power output in order to maintain an
acceptable signal-to-noise ratio (SNR) with the smaller antenna. As

20 satellite users move from lower power transponders to higher power
transponders, falling demand for the lower power transponders
reduces the cost of their use. Receiving a signal from a lower power
transponder with the smaller receiving antenna size produces a
received power at the LNA too low to maintain SNR requirements.

25 The present invention permits the receiver to combine received signals
from a plurality of transponders, possibly located on a plurality of
satellites to enable again the use of lower power transponders, but

with small receiving terminal antennas.



with small receiving term nal antennas.

SUWARY OF THE | NVENTI ON A satellite conmyy
systemi nc¥Qq&do 633t ransmtting station that direc Qt,ﬁgég,&yﬁ
i nformation-carrying signals toward an orbiting satel lite, which

‘receives the signals and in al s on a
di fferent frequency band toéﬁ@%ﬁﬁ%!ﬁoggﬁa ng term nal s.
The satellite cont o SatchitblcmPaRRRKioNS sybten? FRINESs 8ty 2 Br 0ad

band of frequencies and retransmts them on another set
frequenci es ofstahpmthaiaiimmtsjmomtmhcawdgtsngraaisttdmard anairbitimgi n t he
spectrum 10 resent |nvcfm:}on has as_its object a

satellite satellite, %?H‘rﬁ‘?‘ﬁ%\éﬁﬁ sigpaisean LUHl'ﬁHaQSW%ﬁQﬁﬁ'Q"Q{@
faciligy that gf ﬂ'd?ﬁéreht‘ﬂrequency band téwgﬂf‘la rSIUFé?rngré’éq?v Q ﬁ\tunﬁréb(:ha””e' S
ransponders te

directed toward a plurality o on one or
nore satelliteheaatellite @oetannsrg transponder wmm m‘ac:mVes bighalseaeiavierpadhe
subchannel s, t,i nme- sqy chron l.zes nnel s, .and conbi nes

theminto a f&a%F% eAReRdes BPdtrﬁHaBF“ﬁFrﬁQ?m S Brother set@fposite signal .
The di vi si on Lecgd@,cféggeﬁéqué]t&rﬁfm&{?\aﬂu ﬁé& to another locatiéH | Hfﬁ% out by

one of two net In a frrst division net source
signal is replspestreth.across the pl urallty of transponders

Hereipafter the first division is referred to as power-division. 20
In a Ycond divi si o 'SRIFRERT MYRD ‘PB&E%?S&FQ%%U‘S%%@"@ gnal is

represented byegnsahications Syblmh |r§dFMhﬁ’!f’fr§n3rﬁrgcﬁﬁg g% aNYg 'th tgﬁ&%s%%' S

contains less infornation aS the ori nct
subsi gnal s carsrgmaion’twamlmtliyyofrmmanne& diredted toward @qlutatity of

reconstruct t ori gi,nal | satisfactoril rejnafter, this second 25
di vi si on net hgﬁaqs? QF&? P@&gchoaé”l?oﬂf Emfe(ﬁaﬁ'@tﬁé J a receiving In a’

system usi ng REWRImallthAtTeeBives thé %%b@héhi@é]@afm@ nchh:ﬁ?rzes the
originating transmtter directs nore than one identl Sl gnal to a
15 subchannels, and combines them into a faithful replica of the original
composite signal. The division of the signal into subchannels is
carried out by one of two methods. In a first division method, the
source signal is replicated across the plurality of transponders.
Hereinafter the first division method is referred to as power-division.
20 In a second division method, the content of the source signal is
represented by a set of distinct subsignals, each of which subsignals
contains less information as the original signal, but said distinct
subsignals can be conveniently recombined in the receiver to
reconstruct the original signal satisfactorily. Hereinafter this second
25 division method is referred to as content-division.
In a system using power-division to create subchannels, the
originating transmitter directs more than one identical signal to a
plurality of transponders, possibly located on a plurality .of satellites.
In said system, transponders retransmit and the receiving antenna
30 system conducts all of the aforementioned signals into the receiving

system. The receiving terminal provides means of time-synchronizing
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plural.ity of transponders, possibly located on a plurality of satellites.

~In said syst 9t sponders retransmt and the receiving antgoryes®dd?233z
9 /{0?&3 ! . : Y8
system conducts™al I""of the aforenentioned signals into the receiving
system The receiving term nal provides neans of tine-synchronizing

i usts the rer SRR GUEBRER ressirec popl. Wifust WK PbofBERYEFIMOTE >

signals to be appluexlityef etoeigst dlgnaitd 56 Bpbr®emately equal, arld¢orabiples! s into
a conposite via a signal adding process. Each of the signal s

added cont ai ns bthensignalsrints awomnesitenia fesignalmfding preress. sEach of thepi se

F ot anpl i f1or SEnasARAL oY b Sl Rihetng 4 agavderer
(LNB) . Tigose ski hbgd dompdiferd! SudnAvisktitivind Beén intfatidedpriRERYNARhe

of each signal will be statistically correlated, but the noise conponents
wi || be stati sti Ststiagpplifieo of reatengivaiotypically eatohv-peiserblagiiconverter 10

i nformati on conp {. ~Thus e, i.nformation ¢co nend s wi.l |l add
| nearty i nto’t el TERHE skilg if 1% AR ket BRARS T metion sBMbanenhunber
The power in thegt BhEW ERfnaPWilF BERERRACaN cOHREIatMRR AhE ndistNédmPbhénts
~then be in proportion to the square of the number of received signals
bei ng added t ogewlilkbbe statistigaliauncorrelaigsoeth tneapk otfwraandttinfhenent 15
of the nposite.signal will be in propgrtion tq.the nunber, of. received
i gnal s Wdded t ojierERtonTormpBRentsyFhEY e, intehmation Combohsits il 'ada
i nproved over thgnivy Pito tiee complokitél dijnah UReh RNAPropbaionl 1 thkirsumber.
factor of N in power,” where N is the nunber of channels added .
t oget her to for mlheeawerpodhe énformgation component gbthegcemposits signap will

assures Lhal ¢ el Rl Rk pR 1S tI2SAGalUrS AEEED: e sianeis
transm ssion chapafigesadddd fogether madontelst Akl power in the noise component
15 of the composite signal wilt be in proportion to the number of received
signals added together. Thus the SNR of the composite signal is
improved over the SNR of the individual subchannel signals by a
factor of N in power, where N is the number of channels .added
together to form the composite signal. The foregoing discussion
20 assumes that the signal levels and noise levels in each of the
subchannel signals is identical.

In a real system, transmission characteristics will vary slightly
between subchannels, signal and noise levels being slightly different
between subchannels, resulting in an SNR improvement ratio

25 somewhat less than the factor of N described above. In any case, the
receiver may require automatic means of adjusting the power of each
of the signals to be added at the combining point so as to be
approximately equal to each other in level.

In a system using content-division to create subchannels, the

30 originating transmitter directs distinct subsignals toward the plurality of

transponders, the subsignals being created in such a way as to permit
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bet ween subchannels, signal and noise levels being slightly different

bet ween subchannels, resulting in an SNR inprovenent ratio 9/02333

somewhat ¥ the factor of N described above. In any %‘ggﬂej,sgtﬁe

receiver may require automatic neans of adjusting the power of each

of the signals to he gdded ?t {,ﬂhe fﬁ-nnbi ni ng, o] mi P s t o .be

appr oxi mat el y SGQYRMNeNL LRIFIHENY © § gginal signal at the receVingin a system

usi ng cont ent y&linyihal, Oh 49 e&éﬁﬁﬂ@ry%b@%?@ie?m, fhacorkfinal si?napéérgbaat I ng

transmtter directs distinct subsignals toward the plurality of

t ransponder s, divided inteisgpibbasdinignays sising adilter-bankipracess: Hsthediltess mi t

- 3- 99/ 40693 . convenient reconstruction, pf, the

original si gnéﬂsg\gtsa?'ﬁ@_ Wé%‘yi%"i'rﬁdmrmr prope 'etsetﬂ_llﬁ ﬁHF’.S'Q_Pﬁ Sa?larég?grﬁﬂcgﬁ%/ anal og

systemy the Oﬁdﬁr@bﬂiko $é&%@hcé??e?ﬁigir}al Istignal wiﬁdﬁ%@sér&iﬁoﬁﬁ&baf‘?@' gnal s
n e

using a filter-ba process. Ilters used satis

quadr at ur e- i bhogndpnofiequercies. hetheuaralga slignal aentaina @dstiong periodic
directly to repr.oduce the qriginal signal. w t.ho hase .di.stortion at the
boundary 11 eqdBies Somghernad s & (iBAsieN aal. BREBE0UR sRber oai
timng conmponeBimdckerd@an lfe 58panated Gon® tHE Adrhairlder Bf BISs isRfHdl bieférend

conponent can be separated fromthe remai nder of the signal before

di vi di ng the givjding thetsigralibtnsublansbeempsnests. dSaiditimingccomppnsant 10
coul d then be ad back _t ch,of th band co nents t

pr odu subc haﬁ_‘?H "gﬁ%lagaﬁ%ﬁ??% tPf %?‘ghﬁpﬁeea‘&éwggmtgﬁgﬂgsp but
common tim ng gro§Qeer8libSannElisfgridlé Withodifferdnt fRddueny REnseSndrits) hst

i nformation useful to facilitate the necessary tinme-iesynchroni zing

process in theommoentiminglisformation. This strategyanatusally pravidssstimingisi ng
cont ent - di vi si.op t 0,.creat nnel,s, the origi.natin

o h I
transmtter di'f ggpétlapé{sgﬁgttosfagtmaé%m%s%ggegsary “me'{%%}cé" Wé‘"§| u?al ity of .
transponders, drBgesd/itsth@n@iceivepi ng created in

15 As above, in a system using content-division to create
subchannels, the originating transmitter directs distinct subsignals
toward the plurality of transponders, the subsignals being created in
such a way as to permit convenient reconstruction of the original
signal at the receiving terminal. In an exemplary digital system, the

20 original binary signal can be divided into subchannel digital signals,
each of which has a bit rate less than the original digital signal. The
original digital signal can be divided into subchannel digital signals in
any number of ways. Two simple exemplary digital subchannel
strategies are as follows. A first exemplary digital subchannel strategy

25 is to direct each successive bit into each subchannel sequentially. A
second exemplary digital subchannel strategy is to direct each fixed-
size block of bits in the original signal to each successive subchannel
sequentially. This second exemplary strategy fits well with digital
source signals that are organized in a fixed-block-size structure in the

30 original signal.




such a way as to permt conveni ent reconstruction of the original

signal at thgdRmugis Ng terminal. In an exenplary digital sysi@Emssdloess20
original binary signal can be divided into subchannel digital signals,
each of which has a bit rate less than the original digital signal. The

ch of whi ch has a bi s than i I digital signal. The
any nonber of ways, TaTE RSt e el Aty o SRR e o crthuct a G < 17

strategi es are asf SubldhannelsArdmrastransmittihgistatidngiotalgivenbelesivirg) strat egy 25
is to direct each successive bit in}o each subchannel sequentially. A

second exenpl ar yieimgialgachsibehanoe! wilk gengally experience-a difigfent f i xed-

- size block of bi ' : el : SJ : (o [.ve, subchannel
sequential ly. Th’ls@pggg%ﬂgdgygghppz% ;/r%'éﬁlgb\é%@o?\?ﬁ@v%%l ?(\?\%qﬁs t(?l gital
source sbgnal s tdetermine theganoastdof ima tb idetal; bacie kubchamrel iuetdgraci n the 30

Cginal i | -4-

Un the case t hatcomBingthem synshranqusly. Ths delay,ceqites fop eachiregeived
n the case that g Tbs delayeeq 6Bt

Cerminal oach SiHEr@nhEARih the Mbndld colg difed $hd Hleddifiihvaribn

propagati on del ayrovites aduificral mewrasto implement s afeédetetined delay for
determ ne the anount of tine to delay each subchannel in order to

conbi ne t hem syn@dbsiRehapneiringdegendenthequi red for each recei ved

subchanpgl will int . ' The p t. Lnventi.on
provi deggaddi tional @a%géﬁ‘%%%%ﬁé‘%{ éx{%éema%%gaé@&?%dn?& %8?'3&9“?&
each subchannel virtdsperaheel, | detedfines the relative delayThétweenaheididchaniéinal
- system when activated for a particular virtual channel,

" determines the rugaals\asTivieg At theregaiven hEhisussithhaeiccomplished by si gnal s
arriving at the (eealiel thel bliScHALsBRaROGRARLLR MePdt all possible

delays expected in a particular implementation of the system. As this

15 process is very time consuming and source signal dependent, it is
therefore subject to false synchronization and possible failure to
synchronize at all, particularly if the source signal does not contain
enough timing information. The present invention soives this problem
by transmitting a timing signal along with the original signal. Said

20 timing signal arrives at the receiving terminat via a plurality of
propagation paths, each experiencing a different delay. The timing
signal is added to the virtual satellite system in such a way so as to be
separable from the origina! signal on each subchannel. The receiving
terminal then correlates timing signals arriving on different

25 subchannels to determine the amount of relative propagation delay.
Ali subchannel signals contain commen timing information to facilitate
the correlation process. This guarantees that the subchannels can be
processed and compared in a known way to determine relative
propagation delay.

30 The timing signal can be added to the virtual satellite channel

using one of two exemplary methods, but the instant invention is not
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correlating the subchannel signals wth each other at all possible:

del ays exp in a particular inplenmentation of the syste is.15
process is%&:%‘wﬁsne consum ng and source signal dependent,rpi(;tﬁ‘?ssgwaks%3

therefore subject to fal se synchroni zation and possible failure to

1ch [ t_ald... [ i . S| | d t contain
cyochront ze st g6 6 Bedtpby HISNAARERE AL S0FRMLELn GRS
by transm tti ngignal beitrghsmitted acrdssgah shtdiite iArtheiviialdraihalk!. $}f\éd 20

timng signal arrives at the receiving terminal via a plurality o
propagati on pahBFow-hand sighal reqitirasya smalt akgaationdef the. aveileble i ng

ignal is add ' t el ) . N h to b
separabl o ron PRATURT Bl Bl les 8 A HING SioiT Safh $RtRER, oy © ¢
term ngl then eetively @anyirg virtagl sateNit shannéli Mhé haffold BaRA tinAAg

subchannel s to determ ne the anount of relative propagati on del ay.
Al'l subchannel siginghgrevidesmpeanagadipndiclay ifagnatien toxirfuah channeki | it at e

the correlati Og%%ﬁ‘gﬁgﬁém'ﬁg'ﬁihw%adﬁ%e?ﬁ’*&@??#hgﬁsﬁﬁéggﬁn el gat(éﬁl?e.be

processed and nown®way

propagati on delTag.timihg si?nal could consist b oheBritéiofd B tHe foldwisy added to the
virtual satellite channe usi ng one of two exenpl ary nethods,

but the i nst anexemplaryisignals, bufithe instant invention is not so limited. A first

- 5- . . | . A first exenplary

et hod % equi re?%%?éé%ﬁi'ﬁlﬁvab%anrgﬁ chhd"ﬁ&ed éT,‘g,ItS]ﬂ, BY 8-2P2B transmitted
across each sapeelidérnddni heisei sequencehAnssiondTéemplary signal ig'a"  ow band
signal requires a small allocation of the avail able spectrum

but provides abgeadigRuset iTienkuise gosid ba teewispersed prier tg

e o AR S48 En AR SBroV e R LSRR "

receiving ter myaakforhRptoperies Themeceivind traiingl in A ékmprtwblidt €-

15 reverse the time-dispersal process to recover a narrow-time pulse.

The time period of either exemplary signal above described, after -
which the signal repeats, would be longer than twice the greatest
expected delay difference between subchannels, thus facilitating
unambiguous determination of propagation delay.

20 A second exemplary method of incorporating a timing signal in
the virtual satellite system consists of adding a spread spectrum
component to each of the information-bearing subchannels in the
system, and within the bandwidth of each subchannel. The magnitude
of the spread spectrum timing component is much lower than the

25 information signal so as not to reduce the performance of the normal
receiver demodulation process. The spread spectrum signal is then
despread in the receiving terminal, thereby increasing its magnitude
above that of the information content. The increase in signal level is
proportional to the processing gain. This process facilitates delay

30 synchronization in the receiving terminal and has two advantages. A

first advantage is that the second exemplary method does not
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The ti-m ng signal could consist of one or nore of the foll ow ng

exenpl ary si W@#ﬁ%ﬁm the instant invention is not so |imtegecr/fsdolghsss 10
~exenplary signal” 1's a carrier nodulated digitally by a binary

. pseudor andom noi se sequence. A second exenplary signal is a

periodi c pul se. ; e time-dl ed prior to

transm ssion to ]—(H&g%%eg %gsﬁég}wgﬂ d% Eeﬁq'u:ﬂ%gfédﬁgy Bbeawp?lg?%@?%%}eto

wavef or m pr oper t aecomihlodlateadinving Gigreal MA8kcort hlvantaye i tieatwae! ) 15
reverse the tine-dispersal process to recover a narrowtime pul se.

\'me L i mﬁ peri odI bandwidth pf thesinferamatios; @mneéifoa\eaibb&mhﬁwﬁmm gignal
expect ed del ay iR A SRR PORe UV dallritione Mt aci no.

unanbi guous determ nati on of propagation delay. 20 A second
exenpl aré met hod of incorporating a tim ng signal in the virtual
satel |it® system consists of @5327@;][’53@& BT Hp QRAWINGS conponent

to each of the infor I qn-_heari u nnels. in th . system
and within the bandwi %ﬂ?%%’%ﬂﬁ%%ﬁﬁﬁ%& @ﬂgrméﬁsﬁ@aeg the presént oy
the spread spect jm@ntiosi Ng conponent is much lower than the 25

I nformation signal so as not to reduce the performance of the nornal

recei ver denodul at i onFigr @dessschmraatipanddirepit blackrdiagamalof iomet hen
despread in the ¢ lhving termnal . thereby increasing its magnitude
above that of thgﬁ%ﬁfig??l@tquhe&fﬁf%%mvﬁ'ﬁ@ﬁncrease in signal level is
proportignal to the pFRCESSidscHiRhatic ahul%iremgﬁgﬁk Ji%ﬂdnﬁfo?fa%tr%' ay 30

synchroni zation in the receiving termnal an as t advant ages. A
first advantage embpdisentef theqveasentiaventiony net hod does not

- -6- i ngr.ease .t he bandw dth. r I .enments, of the virtual
channel to F'gcgdgr%%éﬂeén%t"%? ﬁ&cg'faﬁ%ﬂ.é'ﬁg'?é%(?ﬁénahﬁint age is
that the full embodimentGTtHYi e Seritfinbdigtigndf or mati on channel is available

to the timng signal

DESCRIPTION OF THE INVENTION

15 Referring now to the drawings in which like reference numerals
indicate like or corresponding elements over the several views, FIG. 1
shows an overview of the satellite communications system consisting
of subsystems 12, 10, 16. Original signal 22 feeds subchannel divider
24 which separates the signal into a plurality of numbered subsignals.

20 The exemplary system of FIG. 1 shows the number of subsignals to
be four, but the present invention is not so limited. Subchanne! divider
24 creates the subsignals by dividing original signal 22 empioying one
of two methods. A first method divides the signal on the basis of
power. In this first method all the subchannel signals emerging from

25 . subchannei divider 24 are identical. A second method divides the
signal on the basis of content. In this second method, each
subchannel signal carries at least some information that is not carried
by the other subchannels. The information content may be mutually

exclusive or may overlap between subchannels, but in any case the
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resulting in high resolution relative delay estimation. 5
DESCRI PTI ON DRAW NGS Fig. 1is a sg&qmgé,&ﬁéqd
A

bl ock di ag??V strating the present i nventi on.
Fig. 2 is a schematic and circuit bl ock di agram of one

and ci reui t bl SRR Aansf® GbeRle $dona divider methanardindkioBnfedl; ocont

i nventi on. as in the first methoti Eadh sBbehawiet Sidrich fésdk ah'uplink bl ock
di agram of anot her enbodi nent of the present invention.

DESCRI PTI ON OFtrapgmitierr26a- @ﬁn,lsach of which uplink anemitterg feeds ao t he drawi ngs
in which like refer ngicate |like or correspondi ng
el ements over §ﬁ%ar§§§/§ﬁ:[§m{%eg§é§8ﬁ &lreﬁtlng radnoq TeqUESfTY hesay (S‘Mﬂﬂeﬂw of the

satel ligte Commrﬁlﬁ?'&@bwgtﬁélﬁ@%ﬂ@é PIEIQ via propagatlonO;BatﬁHblfaéi‘iGcﬂ“s 12, 10,
16. Oigi nal ghal " 22 feeds subchannel divide

separates the Uip@nhrtransrmtterspma-ab‘dtqdd)tlmmms:gnebl23 dodheg rsaagnal t@(lbe

The exenpl ary er El G shovvs ubsi s to

e four | but ¢ TSR e, o & Srpaele FeaUEneY AftcalioncoriBiinel di vi der
24 creat es thebﬁﬁamdiﬁa:lf%héanSrMbﬁé%eahhgIdaw.ersI gnal 22 enpl oying one
of two nethods. A first nethod divides the signal on the basis of

power. In this firsiThesxesplary SY%%QbEiﬁnh@howSQﬁhal ruraber gf sateflitesn 25

SUPCIRCE . LAEH 5 A o MO o

subchannel = si gﬁﬂlteGaEbbﬁ%aQélhﬂeeﬁ&é 1aﬁ%céNE§rafTBéh@%f‘fﬂ&‘ahehéle'%‘)t carried
by the ot her subchannel's. The information content may be nutually

excl usive or nmamplifies itbe signale cecaived imthatibandh andi retrangmitasbetiand
. at a different location in the spectrum. Each of said satellites has a
transmitting antenna pattern that includes receiving terminal system
15 16. Propagation paths 20a-20d from each satellite 14a-14d to
representative receiving terminal 16 carry radio frequency energy from
satellites 14a-14d to the receiving terminal system 16. it should be
understood that although FIG. 1 depicts each uplink signal being
carried by a different satellite, the present invention is not so limited.
20 For example, transponders of satellites 14a, 14b could be collocated
on the same satellite. In this case, uplink transmitters 26a, 26b and
uplink antenna systems 28a, 28b could be combined, in addition to
satellites 14a, 14b representing the same satellite. Propagation paths
18a, 20a, 18b, 20b in this case would be combined into single uplink
25 and downlink propagation paths. Receiving terminal system 16
incorporates one of two antenna methods. A first method includes a
plurality of antenna components to receive the plurality of satellite
signals 20a-20d. A second method incorporates a multiple beam
antenna. The exemplary system of FIG. 1 uses multiple beam
30 antenna 30, but the present invention is not so limited. 1n either of the

aforementioned receiving terminal antenna methods, the antenna
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subchannel signals under the second divider nethod are not identi cal

as in the firgdodfpfebod. Each subchannel signal feeds an upli nkcTns9s/ 02333
transmtter 26a-26d, each of which uplink transmtters feeds a

separate antenna 28a-28d, directing radio frequency energy toward a 5

plurality of orbisubogsteat eldduees allaraliff of bacth QRERA LOReBEbRing faribd

Uplink transmtters 26a-26d add tim ng 'signal he sign
transmitted eithsuboharnelsignals enargingeinay subichaanelodivider i24 ihheplink

bandw dt h of the infornpgti,on;bearing carrier. The

exenpl ary syst emSYPEE} g? lmgng\%‘emfga%ﬁ}ﬁ@?mcﬂf G ) 1sachofthe numbergded by
the systemto be ' ' t4 |

limted. Each satsgq}ﬁ% gmﬂ%ﬁj?g{j&?Zﬁglpeleésﬁ%ﬁﬁaénrg&é?éP rﬁce{%qolgeng iogg ,to

anplified the siginilarly rembert signalseemiiteddy soblcharinshapiddrs24. hdhiand
at a different Iocatig&r{tn the spectru Each of said satellites has a

transmitting ant Sianal it FEAIRE tygW Gg?'rséé@m\?ﬁnlj‘% ddbi ol G ykaean 15
Lo Propaal o0 s S B 086 S 44 i3 o o

representative recelving term na requency

satel | ites 14a- 14estrptidre The subthannelsigres emjitiée iy Ibultible 5&awl d be
under st ood that al %hougg El 1 depicts each_uplink signal being
carried by a di f ROreINE 3Q{esd aRlur 'Weofzﬁl@@éﬁmﬁﬁ’iwmehﬁhl%dngeraopiugajlty ofri t ed.

20 For e p el 1 1 1 ld b

col | ocat1gd &mﬁéﬂhﬁﬁg&é gﬂmgﬁg‘ ?1{ gl e?@é_& f*dr{'t‘ ?ﬁ’lesé]@g?eéleqﬂé‘?@ﬁ&”s 34
transmitters 26athébkepredents a version ofiblel cdrrespordity SipUE P sdBehardidd coul d
be conbined, in addition to satellites 14a, 14b representing the

same satel lite. BRI iR delayed in time in propartian todhe susbof theplengthshi s

paths. Recei vi ng ot HCol PR Bie ahd osiink aropBiatl BEtns B Bpétag
ant enna met hods. 20. finreteivighedminat M6Jeelay component 36 RintHer ddiayfirsint enna
conponents to receive the plurality of satellite signal s

20a- 20d.79A secon@™iete stgraicBrgvthat @l the mubchaneelenmponents arrive atint enna.
The SxemLarY, Y ShEhin o5l AP Uebhp e B . 0 ERRESE O 1
af orenmenti oned r pesdude8ta tedonstrattiom 4o faorigiid]l Aisnal t22e FRE PRétRod used
in subchannel combiner 38 is consistent with and corresponds to the
method used to divide original signal 22 in subchannel divider 24.
20 (DIGITAL CONTENT-DIVISION)

The instant invention uses one of three methods to affect the
dividing and combining operations of subchannel divider 24 and
subchannel combiner 40. In each of said methods, subchannel divider
24 of FIG. 1 feeds a plurality of uplink transmitters 26a-28b, but the

25 signals emerging from subchannel divider 24 are different in nature
depending of the dividing and combining method used. In a first
dividing and combining method, original signal 22 is digital. In said
first method, subchannel divider 24 divides said digital signal into
lower data rate subchannel signals with binary content that contains at

30 least some mutually exclusive information. The division could be on 3

sequential bit-by-bit basis, could be on a sequential frame-by-frame
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- 8- WO 99/ 40693 subsystem produces a plurality of

out put si g\QB' 0% &éggrespondl ng to the subchannel sp&Rgks/RERr gi NQ
from subchXRRel vdi vi der 24 in upl i nk system 12. In the exenplary
systemof FIG 1, each of the nunber ed signals emerging from

mul tipl e beam C . La:larly. nunbered signals
emtted by subba%gi%% g.'%\yl §Q%$ﬁfage tc?poss:ble %'Jaa éﬁéﬂ ¥h%8H9|rR/? remai ns
true whether shgiedlSigms. Imeeiéuh iry reéeivihgatetminal 16 of FIG 02 Hepitgé aor
represent the sane satellite as |nd| cated in the foregoin

descri ption. Twe-suhshaansbdigiahrraelvingisystem mherathe sadiotfeemuency

dormdul ator s SrrralutERid hehemiBiklo WLabH Wb Rty Y O
t hen rgpresentshift keging (@PSK) htutstet aigedlsi bat el prekerf .rﬁéhﬁbﬁ@ﬂbt
di vider 24, but delayed in tinme in proportion to the sumof the |engths

of the corresmntimitgdupSaid fiorel furthen indicatesothegase @ﬁapmul’cwlqeeam

20, e v Roh AR By iy pHRY S RERTEIn S SE, iberp 1

subchannel condydifto $4GaR, AAAtiplE Bddn Shiénrid 89 erilé Hrst Y é\é‘éorf‘oB
produces a reconstruction 40 of oré%lnal signal 22. The nethod used
t

i n subchannel sign@Brieto st pBd s&eON @h@fsvﬁzm andB2kor Eachduoer shifts hae

Enlis)f go e t%ﬂﬁ“‘%?(j/ﬁ %%req%en%egr}%a and Ofﬁ‘&g\hﬁgaﬁﬁ?glﬁgl ?‘ﬁrquah uses one
of thr ee met hogkendviided §Gen tﬁéﬁeceuver controllé?'42 Qé@th@%rﬁ@ﬁﬂbﬁh@ﬂc@@?r ations

of subchannel divider 24 and subchannel conbi ner I'n each of
sai d net hods, thethiphembandi vitdbe lower band is fizedofTureds 3Raf 8@bsernitpl ural ity

O oSBT SISHSK SR b o Hofen et 15 BIASR SRR 1O
ot by oo’ S ST GG teps, A Rrk it ubchampeidrid 1 anc
16 example of FIG. 2, the data rate of the binary information contained in
these QPSK signals is approximately half the data rate of original
signal 22. The respective outputs of QPSK demodulators 36a, 36b
emit signals to bit detectors 38a, 38b which in turn produce streams of
binary data corresponding to the subchannel division in uplink system
20 12. Delay operators synchronize the data streams by introducing
delay in the first-arriving binary stream such that there is a minimum of
relative delay between the respective delay operator outputs. Digital
content combiner 48 reverses the content division process of
subchannel divider 24 so as to produce at its output a faithful delayed
25 replica 50 of original digital signal 22. Receiver controller 42 of FIG. 2
responds to user input (not depicted) to select the transponders 14 to
combine, subsequently emitting control signals to niultiple beam
antenna 30 to direct its antenna patterns toward the satellites
containing selected transponders 14. Receiver controller 42 also
30 selects each tuner frequency consistent with the signals emitted from

the selected transponder. Receiver controller 42 further processes
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first.nmethod, subchannel divider 24 divides said digital signal into

| ower data r (9%?ﬁgghannel signals with binary content that cpot/gssmzsts 30
| east some nutuall'y exclusive information. The division could be on a
sequential bit-by-bit basis, could be on a sequential frame-by-frane

2 oo g nar_ Mo g Sl Akl BEHR Ol o,

16 of FIG 2 depgettingaof delays 40a, 48bvoTiminghsignall cofiedatonl44rreceiveshdsyst em
where the radi o frequency carriers feeding the denodul ators 36a
and 36b are quat Bme=eqTgiatesduner outputs 34; Fer resystam vaibsreradaem vad

- signals, but t hﬁﬁ@'ﬁ‘g’gﬁq@?%' 'E‘é?féﬁétBPfth}r%ﬁ*gl tungr, 8%]311?8 il pgird g6l Sai d

figure further i he use o ant enna 30,

but the gresent yangRiine FelaiveBblaybhdtiveehasibcRansels] Nonvolatile memoggai n to
FIG 2, multiple beam antenna 30 emts first and second signal s

into first and s46mentainspasameterafiegIzing thecusarsalecteditranspanders to band
of higher frequenci 0 a_band gof | r..freguencies of ua

bandw dth such ¢ ARPOPEe LR srthg FnubiE B SR 3 E8ata B4R binrn P of

the higher band, but thrsiTarePOMER-DIVISIONY. Tuners 32a, 32b emt

QPSK nodul ated signals at a frequency that the QPSK denodul at ors

36a, 36b expect to redépvestantinviestien gas ussoa sependumathedifor trapspting
exanple .of FIG 2, .the datg rate of .the binary .information cqontained in
t hese sign alasd'ggaela?%'?%ﬂcﬁ%ﬁ%?y "&u‘éﬁfsattﬂ@eﬂaémﬁ;?ge&?" 'BQiC{Bi Fﬂg 3
signal 22. The rqapaehbyigtsOa Rihmpl of B SiiTRdUhaISwRRA cotibines

emt signals to bit detectors 38a, 38b which in turn produce streans of

bi nary data corr delayedidegnodulatos astibuth frotalidehticat sobchanngid asidesgebeadn 20

12. Del . h ' he, d Y '
deiay inthe 1 r OTSUPYTN P grayfer-ogaPcE, PbHER T st & 6o i mum of

oo “corbibor SHFSIELAE MORRRELLNR At Q0RO IO e Sz
. 15 32b which translate variable transponder bands into a fixed band of
frequencies expected by the QPSK demodulators §4. FIG. 3 depicts a
receiving terminal using a multiple beam antenna, but the present
invention is not so limited. FIG. 3 further depicts a receiving terminal
with two subchannels, but the instant invention is not limited to two
20 subchannels. The figure in addition shows the use of a QPSK
modulation scheme, but the instant invention is not so limited.
Subchannel signals 52 emitted by tuners 32 contain identical digital
information transmitted at the full rate of original signal 22. QPSK
demodulators 54 produce soft decision outputs |, and Q, for each
25 subchannel. Since the total propagation delay for each subchannel is
in general different, first-arriving soft decisions must be delayed in time
by an amount such that soft decisions emitted by delays 56 emerge
with nearly zero relative delay between subchannels. Delays 56
digitize the analog soft decisions produced by demoduiators 54,
30 placing digitized results in a first-in first-out (FIFO) buffer. Receiver

controller 42 controls the amount of time delay in delays 56 with input

-11-



subchannel divider 24 so as to produce at its output a faithful delayed-25

replica 50 %f P[hj)ggi nal digital signal 22. Receiver controll gerARedissd G 2
responds  §O2d 'nput (not depicted) to select the transponders 14 to
conbi ne, subsequently emtting control signals to nmultiple beam

Sontaining seitundivinpsiafeliaras S ALaRa G corielof 38 MiRG, 5o
sel ects each t4jge4l proeesssidd anaRzes aputirdr thher 6LKHUE 52861 ddtefmineom
the sel ected transponder. Receiver controller 42 further processes

-10- the relative time slelayt betwaerpaubehamglssi faasystemsusingrmere t o
determ ne the goarr.ect 1 ng. of s 40a Ob. Tim ng signal
correl at or 44 tﬁé&é\”&e%”ba?ﬁ‘anne's' thé%Hu"@i%@aé%?c{;%?’sgpﬁqu%ig(o%%ﬁsput s 34. For
a system w t h giichahRantune® outputs in pairss UbifBanRe stibchanndlk fFIGI4 processes
tuner outputs in pairs to 5 determ ne rel ative del ay between

subchannel s. Nesuliifeam luserefran yplink system 124ing powen divisioandelays regar di ng
t he user-selected trans ders t enabl e, th r.rect setting of
Ul i ple. boam PUl(s B Bad i lblays;56a, 56b afe' 2nBiated. Thip,ERanke

POAER- DI VI S| O'\aigstan correlator 58 to corgﬁgee U sefMBBRIdIE tdledte 2 second

nmet hod for tranSporting 10 ] | gital signal across a virtual
satel | i te chansubchaReels andgrovddéeiadditonal information tdhredeivepcantollen exanpl e

of sai g second ho .ch conbi ne .. del ayed denodul at or out puts
from ﬂgent i cal 4?@59%&%{‘%9 _ﬁgb%ﬁ% lS’«?thay at the bit ?evegr iﬁg'gﬁsﬁgw%(s power
conbi ni ng. Undggmbier 66’ ﬁ%b@éb@_&yﬁ&frﬁh&% | and Q s%f; de%é&'iﬁrf@ﬁbﬁ"f aff2,

mul ti pl e beam antenna 30 emts signals to tuners 32a, 32b whi ch
transl at e var i stittchannalssfooprbeluckan dingient and Q idesisitra b8 fof every set of

recei ving ter reRbOSGEIIG BIesENichl EObHIFatt BhRDSKmodviaighesash ©
W Eh tup subchiiaersigh fidf cOBiner B8 PraficesomIchits b URAR) VLBRSR o™
15 (ANALOG DIVISION)

A third method for dividing and combining the original signal
address the case that original signal 22 is analog in nature. Referring
to FIG. 4, receiver controlier 42 directs multiple beam antenna 30 to
point to selected transponder signals and directs tuners 32a, 32b to

20 translate said transponder frequencies to a fixed band of frequencies
expected by demodulators 70a, 70b. The exemplary system of FIG. 4
divides the signal into two subchannels, but the instant invention is not
so limited. Demodulators 70a, 70b produce analog outputs signals
which are faithful replicas of the subchannel signals produced by

25 subchannel divider 24 in the uplink system 12. Said analog signal
outputs in general experience relative delay due to differing lengths of
total propagation paths when using transponders on different satellites.
Under direction of receiver controller 42, analog delays 72 add delay
to first-arriving subchannel signals so as to create outputs of analog

30 delays 72 which arrive at analog combiner 80 with near zero relative

delay. Analog delays 72 consist of a high quality analog-to-digital
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20 . subchannels. The figure in addition shows the use of a QPSK
nodul ation s ut the instant invention is not so |im tepcr/Usys/02333
Subchannel signals 52 emtted by tuners 32 contain identical digital
information transmtted at the full rate of original signal 22. QPSK

denodul 54 h 25
Subchannel . i ncloN e (AID), B el ARY 2iphaiGrarRity (DR donteftehc

in general diffegagh deidysST2 areates mtumefdelai,em piopostion tie bstalﬁlsmz;eedf intime
by an anount such that soft decisions emtted by del ays 56 ener

with nearly zerothreerE@\mfféépaptwcmﬁﬁegub@ﬁ@b{ﬁeﬂzspre@@nh%t%Slgnals to

~digitize the ana 0 r

pl acing digiti ze&”g'é@ %cfrggﬁ%l’ §b§w’?§ﬁ rgﬁ@%ﬂgﬁtgﬂﬂr}?&ﬂ% %@Ff&b&' rewggll ver
control | ¢ 42 cogignalsSpidaticadyéubsthahhebditRien 24 in tﬁl@' iBk T stdrh M2i nput
-11- fromtimng signal processor and digital

correl ator 58. Tilhiesg signals differ oupya# qﬁrmd;dgf@rs 49 iaﬁb@fyﬁbéy ATAPIAW f r om

tuner outputs 52 .to detern.ne at.i de t ween
subchannel s. For UERSMIETORIFRY, FPe4 represen?s Bo{ Hxsm&’?ﬂbﬁﬁ%@@ t he
timng signal pr%ﬁz’é?sarvnmﬁlaﬁdpé&ﬁéﬁﬁd@snon In §1ePRABASE of PBRer-@iidad S 1N
pairs. Since the subchannels of FIG result fromuse of an

upl i nk syst em 12 subchannsdwignads, vnButsrtp anslleg combiner 80 repsesettidentiealr ] and

f del 5 b digital
correl atlh 5.1 o SR itg prydl digpiiciend Pote AR Ry satetiee 41912
subchannel s ‘and Riafiéh 8. aﬁ'feq &ééﬁ?ﬂd cadd, erﬂ@%yﬁ’éhrbﬁrzéaccﬁim&it-dmaéﬂ0' ler 10

42 about relative su chann delay at the bit level. Digital power
conbi ner 66 pr ocssbelsamﬂl@l’rgnais aerdlel ataamalqgsmmbld%’cwl éwalag cambiner 80

subshannel 1o Prosiee il s B9y By SR i PseSh i
final decision frigm&ei tehd@foR 18 Pr6ascihyRoRitited Buthiulisighal @2! BHAI0BS-
15 combiner 80 optionally provides a measure of time synchronization to
receiver controller 42 to improve the accuracy of time alignment by
controller 42. As in first and second digital divider-combiner methods,
timing signal correlator 44 provides relative subchannel delay
information to receiver controller 42, which together with further
20 optional delay information from analog combiner 80 provides receiver
controller 80 with a basis to create estimates of relative delay between
subchannels which in turn affects the setting of delays 72.
(TIMING)
In first, second, and third divider-combiner methods, tuners 32
25 provide information to timing signal correlator 44 using one of two
timing methods. In a first timing method, receiver controller 42 adjusts
tuners 32 to receive timing signal 23 placed on all satellites with
transponders used by the virtual satellite system. In this first method,
tuner adjustment is necessary as the timing signals are placed at a
30 frequency assignment separate form the information-bearing

transponder signal. This out-of-band timing signal may be narrow-
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15 ( ANALQG DI VI SI ON) | A third nethod for

di viding and conbi ning the original signal addrelsér,bg\@,ogﬁge t hat
original sWBﬁ%(f %> is anal og in nature. Referring FIG 4,
receiver controller 42 directs nmultiple beam antenna 30 to poi nt

I d I d d 2 32b .20
trancl ate sai BePRaRdEHacsS PR a5 2RteRls FBhd ARG ARt e Prtalid roces
expected by desmshd sytem ddst, Iﬁ neTQIeuﬁm@TsIsﬁ] d Al VBl @iFeRited t&thé

di vides the signal 1mto two subchannel s I nstant 1 nvention is not
so |inmited. Dinfornatiombeariog trampopdeldalgaahmeﬂgerduqumamogu tgmieet

whi ch faithf f t)h bc I d
Subchannel  di Greratsr e Bp AT g dres Ak, B oL A2
out putgs in ge%héh.ﬁs@ﬁrbmﬁe ;freham hoeRBdRYs Héﬁsé%ﬂ!efdf eTh@errhﬁQgt hs of

total propagation paths when using transponders on different satellites.
Under directi signal utitizas a&vcateahtbandwe,dthztg enhamcedhggeaokitive ofdelativeay

to first-arrivi ub al s to aut put s .of anal og 30
ol ays” 72 wni SHBERFRTR] SR RS DEDR G GhsiD S fOF R0 Sing SIS ot ve
del ay. Anal og .mu@dgséadsmbm nBise? tdHed Farfifiag,| and ﬁﬁfé-a@;pbpséa bisa
-12- /4069 converter (A/D), O buffer, and
a digi tal -t o- duhthey insbam) inventiasy isenot so llmlted AgE@dI‘tlmEIgaygniIanstaat es a
tinme 1icbﬁl ay in ropor I nst ant buf f er

a

cont aithed t he Pﬁ??"‘?ﬁp GFEa "‘%B{?f’ f”"gI il spgted Veision 6 anal og
corbi ner 80 V‘hbgi? drid pI"\é’I?E?H’Im“hﬂ.Irh Kpuakiolis Rioh@dtics. t TRe Svftaheiehtio?

signal s produce subchannel divider 24 in the uplink system 12.
These signals mnlm@s twatiming signal piocksser onethpdsi rintmﬁtstmhwgare now

pover - i vi &1 orfrasRpsab ReetaRUTeY alanal RotRBte! 74 corRRed bRl SRR bea

subchannel  si gRgh $undrdP3s at VaridHS rélative BBiaar urtf dnefb@ptie| diﬁf&lét?&l

15 occurs indicating that the relative delay between the subchannels has
been reproduced in timing correlator 44. Receiver controller 42 then
sets analog delays 72 in accord with this measured relative delay to
synchronize inputs to analog combiner 80. In the case that there are
more than two subchannels in the virtual satellite channel, timing

20 signal processor 44 compares subchannel signals pairwise. In a
second timing processor method, timing signal correlator 44 correlates
the output from each tuner 32 with a stored version of the known
timing signal, or by processing the recovered timing signal through a
process that will produce a periodic output in response to the timing

25 signal. One example of such a process is a matched fiiter, but the
present invention is not so limited. Once the delays 40, 56, 72 are
adjusted to remove relative subchannel delay, tuners 32 are set to
conduct the selected information-bearing transponder signals to the
respective demodulators in FIG. 1, FIG. 2, FIG. 3.

30 ' In a second timing method, the timing signal is as wide in

bandwidth as the information-bearing transponder and resides in
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10 - signals, differing only in distortion and noi se added by satellite
~transport. | Wo fEaNd case, timnme-synchroni zed content-di vi deplcr/uses/02333
subchannel signals arrive at anal og conbi ner 80. Anal og conbi ner 80
creates output 82 nost |likely by a sinple addition process, but is not

so limted In aggddiyQfie!sanRé BAHGNMNC MBraahcbrboEh: Gistibn 8¢ anal 0g 15

conbi ner 80 optionally provides a neasure o I'me synchronrzation to
recei ver contr ol informiianosignal; theetimirg sigaal Bayreafly aitenuatedy nimesvdeb o

controller 42. As in first and sgc,ond digi tal divider-comhi ner nethods,
timng signal cofgOVat iﬂe atenalesd JBang Sighal imingniigaal arrelatos A4 first

i nformation to rﬁ%&@és ﬁfé‘#dn@r'o%%#&thu‘@"uh@!’b fi é}%'ierwitgat Lrydidern 20

optional delay inhformation from aral og coffbi ner 80 °provi des receil ver
control | 6r 80 wi lange pbacsssingogaindatampelify ithe egpectedtivhiat i signaledbayweltaeween

- subchannel s which in turn glffects the setting of delays 72. .

(TI'M NO output created py the pyesence-ghine wirerialiated infopmadipndwasinger

met hods, tuners ; : i [ t] | [ | gnal
correlator 44 us?%ré%g.nghgfmﬁ;:\xg?frﬂﬁénﬂﬁn ﬁﬁfpg%dﬁg%féﬁh%%gk%ﬁﬂﬁh rst timng

nmet hod, recei ver prozessed terecb¥end; ivgtieve! in-band timirigusignal, B2t tiee peseinye
timng signal 23 placed, on all satellites with t ransponders used
by the virtual sivention is Boksfimited. IRiasfitst exempiangdaocess the timing t uner

adj ust mggt | S NCCERSPIYa Ahel §Epdsahlilisd AR efisE (@ GRhALiR 30

frequency assign Separate Tormthe T At or

t ransponder si gnintrodlibes by soffatsadolistit waves (SAW) filky i &niiag siyMal
-13- WO 99/ 40693 band in nature so as to conserve

limted bandwi dt 8eeeraiaie2d afematahings SAW filter in receiviem teymipak thrpedotms i n
O aer "o S b el b ab B Sy recoverng MESRAST boer 79
strategy, or dat#mirgy Sighal Whightis reapériodic nagrodafitieqbulse i al second
16 exemplary process, the timing signal is pseudorandom noise. Timing
signal processor 44 then applies spread spectrum techniques to
recover the timing of the low-level in-band timing signal. Upon timing
signal acquisition, the correlated timing signal will experience a large
process gain, but the uncorrelated information carrier will remain at the
20 same relative level. This enables timing signal processor 44 to
establish relative delay between subchannels, reporting results to
receiver controller 42. A third exemplary timing process uses a
multiple tone signal to establish timing. The sine waves selected are
harmonically related in such a way as to create a signal with a
25 relatively long period, but giving good time resolution with the
presence of some high frequencies. A linear filter at the selected
frequencies recovers the timing signal in favor of the information
carrier. Timing signal processor 44 then analyzes filtered timing
signals to establish relative time delay between subchannels.
30 in the case of the digital content-division receiver of FIG. 2,

there is typically no correlation between the subchannels to provide
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5 transm ssion, but the present invention is not so limted. The-

timng signal utilizes allocated bandwi dth to en
resol uti on"PPP3ti ve subchannel del ay estimti gﬁ?ﬁﬁg&&gﬁ
Possibilities for the timng signals i ncl ude pseudorandom noi se,

tone rangi ng, an iJe- di sper ul . _buyt, the ipstant .
invention is Jg?ég%cl{?%%gge aig‘&?%éi C?ﬁﬁ? dsiay .ﬁﬁ%ﬂf‘gﬁl?gtde’iﬁys 46! Lﬁﬁ%iﬁe a
strong sharp of REIfEWErE!cdintr@n systen.2 FebiBadiid bréé%iylﬁrt%\ﬁé\/é}fin the.

itself and have m ni num spurious correl ations. The Instant I nvention

i ncl udes two taxemjari rsdemprafddSs &, e ModOutputs dram delaytsi 56 iy the
processor nethpd, .tim ng.signal correl r 44 correl ates ouf pyt signals
fromtuners 32’?%43'\%‘«%%&"'? nartqc\gg/ea@f};}é Grdie h'&hﬁ'a?,‘?fé‘ﬂ? -e#éb?rel ation
15 5  OCCUrdelaVgeginki 8 &li it BAof =Y Qi bchannel s
has diebéley(;n rlegr‘odd%'g?il nat iorﬁeélgédg\g?;gg@ét% g;@%ﬁ%&/g?@e@@com roller
42 then necessawyt ymaih gbugctien.ay3utpats fromcdelaygs ¥2tih theianalegsur ed

relative delay to synchroni.ze i nputs,t nal og combi ner 80. In
the case that 'efeVer gf EIG. 4 are °°"e|%pé°t @%@prg ARG enithet he vi rt ual

satel lite chanpglire &f (HeNghalg divisionSart e Ws%rﬁ%ﬁebeﬁi%scd?"fﬂ@rﬁﬁééé‘b?h.a””a
signals pairwise. In a second tImng processor netnhod,>timnng
si gnal corr el atontent4 This pebvites optional feedbatkdo cetgiver Eomtrolerd?R touner 32

W th stored version,af .t he kno timng signal, or by
proceSsing th@ft%@i_iﬂfélgﬂ“?g r?PFF&_CEQ%aI through a process that
Wi Il produce a periggijié S@Vé@'tpa'rﬁbm@lsmﬁ%?rid)Vén&iémﬂhré?%éﬁhave beeri! 9Nal -

One exanpl e of such a process’'is a matc Iter,
present i nventilusirated and desdribed; i#dvill @ecappdrent thatwariéQs rhbdificatiaie

dj usted t | ati h |, delay, t 32 tt
Conduct the <@RRERARIR HiRall GRORRRR TG AU SORME 18 0 1 he

respective de tRI0" Ackardfridhy iths riok htefded it tﬁe iRdention be limited, In a
second timng nethod, the timng signhal 1s as wde In andwi dt h
as t htd i nf or neicent by dhé igppended phaither and resides in
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exactly the .same bandwidth. In order to prey | W@ of the

i nformation %J(?%?J%%t he tim ng signal i Snm‘gﬁjmmm““l“ﬁed PE/05RB33E0
recover the attenuated timng signal, tini correl ator 44 first
processes the tuner outputs through a |inear systemthat creates a 5

| ar ge processi ng, gl?'nqt to anplify the expected timng signal above the
out put created by € presence of the uncorrel ated infornmation-bearing

carrier. The instant inXaatelite comymunizations efsteht aidhxprovidysyan
processes to recover a |owlevel in-band tim nglty gnal , but the present

i nvention i s noteRRANGEd dighal qammunicatien chappehitye satalite communications 10
signal is a tinesd.she : Se wWith precise tine dispersion
i ntroduced by a ss)ﬂért%g'céeaﬁg%sﬂ@é‘i c wave (SAW filter in timng signal

generatog 23. A nat cha mguisdNahhél @slinkrsystafi divitigt tBEBritihal ldig i ihe &5
the inverse of the dispersion process, thus recovering the prinmary
timng signal which is a peltraiéy ef subehapnelseng @dging acommen diming5

Si anal “processor 44 then aparoe el b AREHER 1T PR albe By
recover the timng of the dyatemedtshprigingand tin ng signal. Upon timng

signal acquisition, the correlated timng signal will experience a |arge
process gain, but theastbehanneldiddeniostransiamingthe erigimal Higitehsignakt t he

20 same relative |leyel. I S timn i gnal ocessor 44 to
establ i 4R relative del ay b@h\é@ﬂ@]@cﬁgﬂah%ssquglﬁﬂﬁ?'lgn%cﬁe@gf gach
receiver controller 42. A digitalcsubepBRhar ighalnédtiaiRs f 988st Wopse @

mul tiple tone signal to establish timng. The sine waves sel ected are

harnonical |y rel ated i n susforanatien unique te thattssibghannglandalsh such3hat
relatively long period, b Q ti. resolutign.w th the
presence of some high fre%gg‘éﬂé%g 02q%%ﬂeda{aﬁaf'ﬁﬁggba%&t%n%é?i?:vf’%rdtha"
frequencies recovers the ttheibiorate dahe iofiglrmiy eigitaf sighat;i nf or mati on
carrier. Timng signal processor 44 then analyzes filtered timng

si gnal s1Bo est abl i sh @ &imiRg generater awating e pokiedic signshannel s. 30
ot case of the ol gbhal B et PR B S Bl v
- 15- and the subchannel divider output associated with each
subchannel for adding the common timing signal to each
subchannel information signal and within the bandwidth
20 ' of each subchannel information signal such that no
additional bandwidth allocation is required to transmit the
timing information signal;
upconverting means coupled to the signal combining means
output associated with each subchannel for translating
25 the frequency of the timing-added subchannel signal to
the frequency of the selected satellite transponder:
amplifier means coupled to the upconverting means output
associated with each subchannel for increasing the
power of the translated, timing-added subchannel signal;
30 and
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possi bi ¢ nSRYkS

-— e

*

; of the delay settings

R |

Qut puts fromdelays 56 in the di gital power-division receiver of

G, S 2 MO CoRLRh ok b e aments AlatEbUbgg. Lo, O LY, T

correction.

Qut puts fromagiicated 4dtH BaéW8uBBRAME! directing a radi§Cel Ver
FIG 4 are correlated to sone extent depending on the

the anal og division and ﬁﬂ@uemwavem\upmtheeEeaefvim@aana)gf the o
content. This provides Og%tlpﬁgélgpgt%?rﬂgg%ﬁettroanrsggﬁtli\e/%@%gtneid;@){él er 42 to

af fect | ocal

timng corr

forms gnd variations thegegcidtad supRRBnnNel; and illustrated and

descri bed,

it will

be apparent that various nodifications

made Wit hout depar t@mgcdiviog terpinahisysteraadlleatingesighalstfeom a plurality of

i nventi on.

10

15

20

25

30

A dingly i t inte
except by t hgcg:opleggeé 'C§%ﬁa$r§§aosateme R'anspondaers and crea%ng a Qegyed

ded that the, i nventio

reconstruction of the original signal, the receiving terminal
system comprising:

a multiple beam antenna simultaneously receiving signals from
the plurality of transponders and presenting each of said
signals on a separate output port;

a tuner coupled to each multiple beam antenna output port for
translating the frequency of each received signal to a
fixed intermediate frequency;

a demodulator coupled to each tuner output for demodulating
tuner output and creating a bit stream corresponding to
the information content of the associated subchannel:

delay means coupled to each demodulator output for delaying
first-arriving subchannel signals such that outputs of the
plurality of delay means are synchronized in time;

a digital combiner coupled to the output of the plurality of delay
means for combining the information in each of the
subchannels into a delayed reconstruction bf the original
digital signal;

a timing signal correlator coupled to each tuner output for
measuring the relative delay between arriving subchannel
signals;

a nonvolatile memory for storing information about the

frequency and propagation delay properties of the virtual
channels to be selected; and

-18-
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satellite
!’Hm pd db&i‘/h@isvozsss

comun ot o4, syke v E'ha‘p?‘ov. des an HIIIHH[IIII

conmuni cation C the satellite communi ca |L

conprising: 5 a mul ti-channel uplink syst em di vi d| ng tlhe g
original signal into nel s an
adding a common tini nQ controller coupled to the multlple‘ﬂ éﬁ@ ﬁe ?L}H@ﬁté(nnel

the nulti-channel uplink of tuners, the plurality of delayfibféér@ntﬁ@fm’ﬂhéls@ral
a subchannel divider for transform na tt he ori &'nal digital signal 10
I

into a plurality of digitafodeiBtdaand tee HeeMoletile memary for receiving

di gital subchannel signal i I
[ Imgl)r mat i on uni que to that g@“%ghﬁﬁ © tﬁ@ﬁéﬁi@@&gﬁﬁlﬂg{ and the
the bit sate of each digi tﬁbn%lbméaﬁéﬁﬂorﬁaﬁﬂaésmﬁg lcBne 6! $igasls to the _

the bit rate of the original digital signal; timng
generator creating a peri oBuWtini¢ heam antenna settmg beam dlf@t@maand:onbl ni ng
means coupled to the timn an
t he subchannel divider out u@ﬁg&%%{%@% \%lé:" Sot0cte tuners to set

subchannel for adding the sgsehannel FAdeive frefaendi€s 8@ control signals to
the plurality of delay means to synchronize delay means
10 outputs.

2. The satellite communications system of claim 1 wherein at
least some of the transponders associated with the plurality of

subchannels are located on the same satellite.

3. The satellite communications system of claim 1 wherein the
15 multiple beam antenna is replaced with multiple independent single

beam antennas.

4. The satellite communications system of claim 2 wherein the
multiple beam antenna is replaced with multiple independent single
beam antennas.

20 5. The satellite communications system of claim 1 wherein the
timing signal associated with any particutar subchannel is transmitted
in a separate frequency aliocation but on the same satellite as the
information-bearing carrier, requiring the controller to firstly direct the
tuners to receive the frequency-separated timing signal to measure

25 relative propagation delay of the subchannels, secondly set the
amount of delay in the plurality of delay means in accord with the
relative propagation delays measured in the first step, and thirdly

-10-



subchannel information signal and w wi dih 20
of each subchann i nformation si gnal ﬂ l Hll JLI
addi t i onal M4t at h allocation is req tl u I I' t he T CT/USH9/02333

timng information signal; upconvert| ng nmeans coupled to
t he signal conbi,ni put associated with

each subchannél Iederthtt'}eawgﬁéﬁ fa,fpcaive the associated mformattto BRaM%quency of

the tim ng- addgghchababrnnel signal to t he frequency
of the selected satellite transponder: anplifier nmeans
coupled to the upconverting means output associ at ed
wi th each subchanne reaS| wer of
the transl ated, n¢ %88 W@Hnl&at'gﬂgﬁxﬁtengef claim 5 wherein &t and
-17- Ieast some of the trans@Bhééfsaamee%m it b Ejrﬁlli}ﬁ gplifier means
out put associ ated with each subc nel directing a
radio 5 subchannels are locatedeofu #ne pamevsatetitear d t he recei vi ng antenna
of the satellite containing the transponder
selected for the 5 associ at ed subchannel ; and

a receiving termnay, 'Fb{é%ﬁféllﬂé'ddﬁ%hﬁﬂ:aﬁbﬂ@%l,@tehﬁ %'FbPa d;w%ﬁ{érém e

sel ected satellite transponders and creatin
reconst r uct i onmuitiplehbeam ghieanads geplaced hmth pudiiple mgﬂeparrdenrralsmgle

system conpri si n%n rﬁ a multiple beam antenna si nmul t aneously
receiving si g f4Brfnas. the plurality of
transponders and presenting each of said signal s on

a separate output port; )
8. The satellite communications system of claim 6 wherein the

10 multiple beam antenna is replaced with multiple independent single
beam antennas.

9. A satellite communications system which provides an
. enhanced digital communication channel, the satellite communications
system comprising:

15 a multi-channel uplink system dividing the original signal into a
plurality of subchannels and adding a common timing
signal to each subchannel, the multi-channel uplink
system comprising:

a subchannel divider for transforming the original digital signal

20 into a plurality of digital subchannels such that each
digital subchannel signal carries identical information at
the same bit rate as the original digital signal;

a timing generator creating a periodic signal,
signal combining means coupled to the timing generator output

25 and the subchannel divider output associated with each

subchannel for adding the common timing signal to each

subchannel information signal and within the bandwidth

-20-



a tuner coupl ed to each nmultiple beam a ort for

transl ating r&, uency of each recei Qmmm“!ﬁ PCT/US99/02333
fixed inter 48 ?requency I ator coupled to
each tuner output for denodul ating tuner output and

creating a bit streamcorr the
I nfor ma'?i on content of t hegfzggtg'g%sgl?%(gam(gﬁgm%tfqn signal such that n del ay

neans coupl ed to each denpggdiabeal BaHdwiEth SlfocAtibaYs ?@?Laﬁbd to transmit the
first-arriving subchannel signals such that outputs o

plurality of delay neans aumnrg/mmwpeegnal time; a

digital conbiner coupled to he out f.dela
means for combi ni ng t HBRCQMESY I, @A%ci]poo Hoet ﬁgﬂa' &)/mgmnng means
subchanngl s into a del ayedoﬁt‘b@@%§§6¢l§’€éd0~ﬂ|tﬁ>feabh%uﬁbhﬁhrﬁ@l'fo?ﬁanslatmg

digital signal; a timng signal correlator coupled to
each tuner output for the frequency of the timingraddadr suchanset sigasl tee del ay
bet ween arriving subchanne nals

a nonvol atile nenory for sb@rfrﬁﬁu?'?ﬁyo?fntg'?i ﬁetgggﬁatelﬁtg sponder,

frequency and prOpagahgﬁﬂf@gﬁ%‘énBrﬂﬂéd fsthef updtmviitirig'Aleans output

channel s to be sel ecte ) ) _
- 18- associatedrwitioebeh subopariel for ineeeasing the e beam

antenna, the plurality .. of tuners, pl.urality of
del ay nd®hs, the tinming si QRYE of the translated, timing-added s@&h?@f’%’t aland t he
nonvol atile nmenory for recghyi ng signal s fromthe
timng signal correlator and the 5 nonvol ati |l e nmenory

. and issuing control shgteina meanseoupled to the amplifier means outputil ti pl e beam

antenna setting beam direction .ari zation,
control signals to the tun@?%o‘?%tege\f"th each subchannel directing a fa¢ 9 bchannel

receive frequencies, and cgahiighcywalaltswhRd the receiving antenna of the
15 satellite containing the transponder selected for the
associated subchannel; and

a receiving terminal system collecting signals from a plurality of
selected satellite transponders and creating a delayed
reconstruction of the original signal, the receiving terminal

20 system comprising:

a multiple beam antenna simultaneously receiving signals from
the plurality of transponders and presenting each of said
signals onh a separate output port;

a tuner coupled to each multiple beam antenna output port for

25 translating the frequency of each received signal to a
fixed intermediate frequency;

a demodulator coupled to each tuner output for demodulating
tuner output and creating a stream of soft decisions in
the form of digitized decision-confidence-values

30 corresponding to the associated subchannel;

-21-



the plurality of delay neans to synchroni ze delay means 10 .

out put s. 2. The s ' gpatio R13:9f
claim1 w46 - | east sﬁlmnm',ﬂmmnﬂmondep?@%gcﬁat ed
with the plurality of subchannel s- ame ksocated on the same
satellite. 3, ,The satellite comupicatigns system of
claim1 wherein t hge@. means CRHPE%%%%%@&&?W@H&Q’ ngﬂ“gg?'éaﬁ‘@y h

mul tiple independent si Rghteyriving subchanREPSTHABERSthat soft decision

4. The satellite conmunications system of claim2 wherein the

mul ti pl e beam ant enna i sutpis of ¢hie pluralitnadftdgiay meatsparedsynchsoniged

beam ant ennas. 20 e 5. The satellite comunications system
of claim1 wherein the intime timng signal associated with any

part i gul ar subchanBeligi dJrABRE} thfled to the output &f theSFRRIIAY &f Wepuency

al | ocg)tion but on tgﬁ&e‘gsarre satgrl i tg as tne P Eli nfgimatio - bearing

carrier, requiring the ouweansofdre@omkbinihgrsaft dedisiosciromhall subchannels tuners
to receive the frequenc '

- ted tim ' | t .25
rel ative propagation de?{%‘?ﬁe' 3 ?’Hg %glﬁgﬂgﬁﬁ%h&g&%&ﬁ‘gg@%&&'ﬁl'%‘

anmount of delay in the pidfatlsidngof delay neans in accord with the
rel ati ve propagation delays asured in the first step, and thirdly
-19- a timing signal correlator coupled to each tuner output for
10 measuring the relative delay between arriving subchannel
signals;

a digital correlator coupled to the delay means outputs for
providing an additional measure of the relative delay
between channels;

15 a nonvolatile memory for storing information about the
frequency and propagation delay properties of the virtual
channels to be selected; and

a controller coupled to the multiple beam antenna, the plurality
of tuners, the plurality of delay means, the timing signal

20 correlator, the digital correlator, and the nonvolatile
memory for receiving signals from the timing signal
correlator and the nonvolatile memory and issuing control
signals to the multiple beam antenna setting beam
direction and polarization, control signals to the tuners to

25 set subchannel receive frequencies, and control signals
to the plurality of delay means to synchronize delay

means outputs.

10. The satellite communications system of claim 9 wherein

there is no digital correlator.

2.




redirect the tuners to receive the associated information-bearing

subchannel s. 6. The saj|#il IRt | prrneseshesss of
claimb5 V\her"evpngggg693 | east sone unlmﬂmnﬁﬂmwrlﬂ rs associ at ed
with the plurality of 5 subchannel s*ar®e l‘oc8tedl oh the sane
satellite. : aldite ' ' of
claim5 wherein the 11. The sate?ltr%%;{:p ﬁgﬁ @ﬁigéﬂédndsa?ﬁ%& sgm%ﬂggé%ﬁwsph

mul ti pl e i ndepengdast sethadifehe transpondershessocitéd wihsthe plurality of

8. The satellite comrunications systemof claim®6 wherein the 10

nul ti pl e beam arSuaghanns!syaig lgealgd\pn therdmeRatelitedependent singl e

beam ant ennas. 9. A satellite comrunications system
whi ch provi des an enhanced di gital communication channel, the
satel lite comuni cati ¢msThe satellite confiGhieaOWTBYSIEMNGE cldim 9 wherein the a
mul ti-channel uplink systemdividing the original signal into a

pluralit$ of submuamiggaahant@aaang replaeeshitht Miitiple Independent single

signal to each s he mul ti-channel uplink
system conpri si ngggﬁl%}ﬂ&ﬁnaé, a subchannel divider for transformng

the original digital signal 20 into a plurality of
di gital subchannels such_that each o ~ digital
subchannel signal car #3.cEhe gateliite sgommenicatiensosysiem of claim 11 wherein

{1 mi ng gener at or e Byt Beaf Ak fia % fehiafed Wi multle independen; g

conbi ni ng nmeans peal Adehgad.ne ti m ng generator output 25
and t he subchannel divider output associated with each
subchannel for adding the common timng signal to each

SUb-Chan[?ﬁl | nformati 0?4.51.‘95'%&?!&9 cWrnmicwgnsbgynsqgndeaim 9 wherein the

timing signal associated with any particular subchannel is transmitted
in a separate frequency allocation but on the same satellite as the
information-bearing cairier, requiring the controller to firstly direct the
tuners to receive the frequency-separated timing signal to measure
15 relative propagation delay of the subchannels, secondly set the
amount of delay in the plurality of delay means in accord with the
relative propagation delays measured in the first step, and thirdly
redirect the tuners to receive the associated information-bearing

subchannels.

20 15. The satellite communications system of claim 14 wherein at
least some of the transponders associated with the plurality of

subchannels are located on the same satellite.
16. The satellite communications system of claim 14 wherein

the multiple beam antenna is replaced with multiple independent single

25 beam antennas.
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- 20- “of each “\ i nformati on. si gnal
d

such that m th al S
required to Sr’%‘r?ggr% t the ““““ sl M*ng | nf IJ [ (b)}ral&sa’?gnal
upconverting means coupled to the S|gnal conblnlng means

out put associ at ed channel r transl at

the frequency of tmiﬁﬁgﬁatejﬁge‘ﬁ)@wg R8P SyB f[cgalm 15 wherein

the frequency @ mbRiptebeaitanteanal ‘s'réﬁlahééﬂﬁnﬂ?ﬁﬂﬂfple mdependent single
anplifier neans coupled to the upconverting neans out put

associ at ed wi tbeamanteamahannel. for increasing the 10

power of the translated, tim ng-added subchannel signal;

and antenna neans coupled to the anplifier nmeans out put
associated with eachg SA@Q'E@R@%orﬁhTLﬁﬁédtMsasyrsﬁéthNhlch provides an
frequency wave toward the receiving antenna of the

satel | Pt e contenhanagd 2raleg SespoHbisatiee|chensdl, the sataillte

associ ated sub a receiving termnal system
col l ecting si g%}ﬁgﬂﬁj%%@gg ﬁyﬁ eép-ctoym%rfsmg sel ected
satellite t ranspondérrﬁulﬁfdﬂnaﬁhéﬁhbnm §y§iéh’ﬁ&ﬁﬂimg the original signal jpto a

reconstruction of the original signal, the receiving er m

syst em conpri si ng: plurality Of SUbChaanJStaqdl adchegra amratlmlm'gjl t aneousl y
receiving signals from it

transponders and pr esent?'ﬂaa'etgcﬂa%rf sgg?l‘bannel the multPchanneI "}{)hnt‘ signal s on
a sepggate output port; system comprising: a tuner coupled to each multiple
beam ant enna out put port for 25 transl ating the

frequency of each rasubobannelglivider fordransforming the original analog signatd

I nt er nedi at e frequency; tor c | ed to each
tuner output for demodul |5l{q ﬁgnlurahty of analog SLﬂ)C annefls such 81&? each

subchannel signal contains at least some information
unique to that subchannel;
15 a timing generator creating a periodic signal,
signal combining means coupled to the timing generator output
and the subchannel divider output associated with each
subchannel for adding the common timing signal to each
subchannel information signal and within the bandwidth
20 of each subchannel information signal such that no
additional bandwidth allocation is required to transmit the
timing information signal;
upconverting means coupled to the signal combining means
output associated with each subchannel for translating
25 the frequency of the timing-added subchannel signal to
the frequency of the selected satellite transponder;
amplifier means coupled to the upconverting means output
associated with each subchannel for increasing the
power of the transiated, timing-added subchannel signal;
30 and
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tuner .out put and creating a stream of soft decisions in

50t Spanal MR aSZ5cr et Suvcnanv AT v

-21- del ay neans coupl ed to dach denodul at or
out put for del aying first-arriving subchannel
signal s such that sof ?nﬁggﬁgp%ﬂns coupled to the ampsh er meansoglt( HFS of the

plurality of delay neans aggsceidtednit é8sh subchannel directing a radio 1N tine;
5 a digital conbiner coupled to the output of the plurality

of del ay frequencynwave towardcibevieseivingantennecefdhen from ai |
' 3? b,f Egngf: Si nal satellite containifig @’%?@hgéé}@c&{gﬁlg&gg foFfrg st ruction

timng sggnal correl ator casgchftell @uBRRANRGINGRdOUt put for 10
measuring the relative del ay between arrivi nﬁ:; subchannel

a

signal s: a receiviagdegniral systemecallesting sigrnalel fropn ehgluthlihagf means
out puts for ovidin n_addi tional sure of the
rel ative del ay selected satefile E@W%‘g}?% %gnﬂeqrgg{?ri%ar?ea}ayeoe

a nonvol atile nenory for stion8futfdrbNBie @tﬁgiﬁgpﬁénélbﬁwe receiving terminal
frequency and propagation delay properties of the virtual

channel's to be sel ected; apytem cc_:mprising: a controller coupled to the
Tl 1 P Sgheam ant snna, o BEh dieans, stpyaeoss recehing signls KA >
correlator, the digital cofHeepiatdlity oRBAnEPENdS \YPIdabrelsBnting each of said
menory for receiving signals fromthe timng signal

signals on a separate output port;

a tuner coupled to each multiple beam antenna output port for
translating the frequency of each received signal to a

15 fixed intermediate frequency;

a demodulator coupled to each tuner output for demodulating
tuner output and creating an analog signal corresponding
to the information content of the associated subchannel;

delay means coupled to each demodulator output for delaying

20 first-arriving subchannel signals such that outputs of the
plurality of delay means are synchronized in time;

an anéiog combiner coupled to the output of the plurality of
delay means for combining the information in each of the
subchannels into a delayed reconstruction of the original

25 analog signal;

a timing signal correlator coupled to each tuner output for
measuring the relative delay between arriving subchannel
signals;

a nonvolatile memory for storing information about the

30 frequency and propagation delay properties of the virtual
channels to be selected; and

25-



correlator and the nonvolatile nenory a . .
signals to_the nultiple beam ant enna s l Eﬁﬂ‘ PCTAUS99/02333
di rection m%@%’rlzatlon control SI rs to fgj

set subchannel receive frequencies, and control S|gnals

to the plurality of means tq .sypchroni ze del a
means out put s. a con?%ller °°Up|38 toltBe ”ﬂ‘l‘@pé’a‘?@ml %/'Eeﬁﬁﬂ‘rﬁhﬁ RIHfalihs system

of claim9 wherein of tuneﬁ,tlﬂ%ﬁuiéltfp dbeh Akah8r the ﬁ%ﬂ{g S'%‘?em of

-22- sat’e |te comuni cation

claim9 wherein at correlatdreastl themonyblatite memoppfordecsiviagsoci at ed
wth the plurality of bchannel s are | ocated on the sane
satellite. signals frqm t%?ht@“?&%'gﬂ? eoreARiAthiNens syst em of
claimg wherein the 5 nonvolatll%tahf&r? a@\‘aaigé@iﬂgeéﬂ?ﬂ‘rdl Sigrfd fF Rk W th

nmul ti pl'e i ndependent single am ant €nnas. _

13. The satellite commnnudﬂplerlueanysammna‘ setting roelbin Wirection and t he
mul ti pl e beam antenna is r'egl aced mul t |£I e i ndependent single

beam ant ennas. ola 1zat|on contro! signals to the tuners to set

subchannel receive frequencies, and control signals to
the plurality of delay means to synchronize delay means
10 outputs.

19. The satellite communications system of claim 18 wherein
the analog combiner provides additional relative subchannel delay

information to the controller.

20. The satellite communications system of claim 18 wherein at
15 least some of the transponders associated with the plurality of
subchannels are located on the same satellite.

21. The satellite communications system of claim 18 wherein
the multiple beam antenna is replaced with multiple independent single
beam antennas.

20 22. The satellite communications system of claim 20 wherein
the multiple beam antenna is replaced with multiple independent single
beam antennas.

23. The satellite communications system of claim 18 wherein
the timing signal associated with any particular subchannel is
25 transmitted in a separate frequency allocation but on the same satellite

as the information-bearing carrier, requiring the controller to firstly

-26-



10 . 14. The satellltec temof claim9
~wherein the /4 timng signal rguﬂﬂﬂ,ﬂ"gny par tpetili¥/02333

subchannel i YAPEERi ¢t ed | m ac sap guency al |l ocation but
~on the sane satellite as the i nformati on-bearing carrier,
requiring the coptrolle fLr . ' imitd' 888 P receive
the frequency- séﬁ{ﬁpglﬂé%hfrfeﬁf r%é) r%#%%%%{ ﬁ%hﬂ%@&«gerﬁmtad t'm"ﬁifﬁ‘ L
propagation del apegédurehelstiveqirapagation aergnstithe Sebchitnels, secondly s@ount of
delay in the plurality of delay nmeans in accord with the

rel ative pr opagathe(ﬂm@mta@fsﬂ&‘r%)ayut"@jpiufﬁltméf ﬂeiayt mgaw in apeondhwvith the

Cubchannel o, Jgiatve broBSatch bR S W I BISIRR HRERIOR <yst em o

clai m l4gwher ei nreatrect the tuners td %@&Ivestﬂ%s%focfé@ infeRaws1iBesriRgsoci at ed

with the plurality of subchannel s are | ocated on the sane
satellite. subchannels. 16. The satellite comuni cations system of
clai m 14 wherein the nultiple beamantenna is replaced with
mul tiple independent single 25 beam ant ennas.

- 23- _ 24. The sateih?e cORPnSREMdrst &/ sIERTBIMYISiR RINPherk &M Of
claim15 wherein the multiple beam antenna is replaced with

mul ti pl e i ndepenéasi sarnedgifdhe transpondersiassociatecewithshe plurality of
subchannels are located on the same satellite.

10 25. The satellite communications system of claim 23 wherein
the multiple beam antenna is replaced with muitiple independent single

beam antennas.

26. The satellite communications system of claim 24 wherein
the multiple beam antenna is replaced with multiple independent single

15 beam antennas.

27. The satellite communications system of claim 18 wherein
the plurality of subchannels contain identical information, the

associated carriers being modulated identically.

28. The satellite communications system of claim 27 wherein
20 the analog combiner provides additional relative subchannel delay

information to the controlier.
29. The satellite communications system of claim 27 wherein at

least some of the transponders associated with the plurality of
subchannels are located on the same satellite.
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18. A satellite comrunications systW/ih provi des—an 5 enhanced

anal og communi cation channel, the s H”Mw’rw”éum fﬁrknpsa;lls Svor 853?” di ng

syst em corfP PYHee
the original signal into a lurality of subchannels

and addi ng a comon t ng. .. . nal _to each
subchannel, the nmuB0: Lf?ﬁaﬁﬂ%%ﬂlt%wmﬁwmﬁﬂons system of Clg'm 27 wherell em

COMprising: the multi rPl? beam anfertiy ipisledivith ‘i’ﬁulﬂ%@”nﬁ%ﬁ@ﬁ{l&w@ ifgiet he

ori gi nal anal 0g" sI analog
subchannel s sbehm hatermash subchannel si gnal
contains at |east sone information uni que to that
subchannel ; 15 a timng generator creating a periodic signal,

si gnal combi ni ng l”%al T g%%fﬁﬂa EBan’i\f‘m&étFBr{égs%’f r&ta%iﬁin?ﬁbﬂ}dﬁerein

and t he subchanne er out put assocl ate

subch#&nnel f otheddiltipletienn anemna iseplacedywith moltipecindependent single
subchannel information signal and within the bandw dth 20

of each subch®€88 anta¥@%ati on signal such that no

addi tional bandwidth allocation is required to transmt the

timng information signal; upconverting neans coupled to
t he signal conbi ni rg2. Mhensatellite communications system ofoclaipy27asbe@imt ed with
each subchanne] for transl atin t he frequency of

the tini ng- addd® t 'ﬁﬁﬂmlasﬁgﬁﬁﬁd with any particular subchannel is the frequency
of the sel ect ¢ =3ligbliid & ééﬁ?ﬁféoﬂgﬁu%rllﬁy allocation but on the?S&hkldRLiitEEans

coupled to the upconverting nmeans o associ at ed

Wit h #ach subdsaﬂheahfdmmﬂonehwmmgambe, requmng the controller to firstly power of

the transl ated, ti added suhchann
- 24- direct t e uners (o} receblve Hhe ?requeﬂcy-separated timing signal to

and
measure relative propagation delay of the subchannels, secondly set
the amount of delay in the plurality of delay means in accord with the
- relative propagation delays measured in the first step, and thirdly
15 redirect the tuners to receive the associated information-bearing

subchannels.

33. The satellite communications system of claim 32 wherein at
least some of the transponders associated with the plurality of

subchannels are located on the same satellite.

20 34. The satellite communications system of claim 32 wherein
the multiple beam antenna is replaced with multiple independent single
beam antennas.

35. The satellite communications system of claim 33 wherein

the multiple beam antenna is replaced with multiple independent single

25 beam antennas.

-28-




antenna neans coupled to the anplifier neans out put
associ ated w éﬂ gg?g? subchannel directing a radio PCT/US99/02333
frequency wale P38 d the receiving anfenna of the

satellite containing the transponder s l%ected for the 5

associ at ed subchannel ; and a receiving termnal system
collecting signals froma plurality of = sel ected
satellite transponders and creating a del ayed
reconstruction of the original signal, the receiving t

system conpri sing: 10 a‘nmultiple beam anft enn eously
receiving signals from t he pl i
transponders and presenting each of said o gnal s on
a separate outgut port; a tuner coup)ed t ach myltiple
beam ant enna ouj put port for t 1 Rg—tpe
- frequency of h received signal to a 15 o %9’ fj gr
i nternedi ate guency; adenodu of NWPIE&E gach
tuner output Lhs denodul ating = BLtgmrgc 18o]]t8 dnd
. creating an anal og signal correspondi ng X { Phe
informati on content of the associated subchannel; del ay
means coupl ed to each denodul ator output for delaygng @l s ii8 |l &
first-arriving subchangel signals such that out puts&f £he -‘gi |3
plurality of delay neany are synchronized in tineg; BHBUBITB ]| an
anal og conbi ner coupledpo the output of the plurality|d& E|l & E
delay means for conmbining the information in each of the {|jo O |}&
subchannel s into a del ayed reconstruction of the orggi
anal og signal - atimng signal cofre ‘ 0 each
t urer out put Tor R measuri ng t\pe @I agi @ g
bet ween arrivi el S2 12 Il 2
a nonvol atile y for steying iwformation about the , ,
frequency and p ation del a operthes of the virtu - 4
channel s to be sel eCked; and —- o] o <
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a controller coupled to the nmultiple beam antenna, the plurality

of tuners, &Qﬁé&%ality of delay neans, the timng signal

correl at or 6%e nonvol atile nenooy for recei vi ng

signals fromthe timng signal corred/4tor and the 5

nonvol atil e nmenory and issuing control signals to the

mul ti pl e beam antenna setting beam di rection and

pol ari zation, control &ign |s to the tuners to set

subchannel receigye fr control signals to

the plurality ofydefay neans to chroni ze del ay neans 10

out put s. \\_ 19. TRe satellite comuni cations system of

cl ai m 18 wherein he angl og conbi ner provi des additiona

rel ati ve subchannel | del &8 & information to the controller.

20. The satellite cpnnunlcd?lons system of claim 18 wherein at 15

| east sone of the traksponders sociated with the plurality of

subchannel s are Iociind on the me satellite. 21. The
t

PCT/US99/02333

satellite conmuni datg pns systengpf claim 18 wherein the multiple
beam antenna is rgpl®ged with Mltige i ndependent single beam
ant ennas. 20 =] 221 TRe satellitg communications system of

cl ai m 20 wherein - th i ple bea}aa"ant enna is replaced with

mul tiple i ndependppt} &gl e Ream/ant ennas.
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23. The satellite conmmuni cations system of claim 18 wherein t he
timng signal, agsgeiated with any particular subchannel is 2%crmseen2ass
transmitted in @ separate frequency alg ation but on the sane satellite
-as the information-bearing carrier, re ring the controller to firstly

- -26- direct the tuners to receive the frequency-separated
timng signal to neasure rel ative propagation delay of the
subchannel s, secondly set the amount of delay in the plurality
of delay means in accor, rel ati ve propagati on del ays

68

measured in the firg gtep, and ghirdl 5 redirect the tuners to
recei ve the associ atgd |i nf or @@ 8n- bearfi ng subchannel s.

24. The satellite co ni cat i. gsysterp of claim 23 wherein at

| east some of the trangponders a8sociatfed with the plurality of

subchannel s are located_an _the sange satlellite. 10 25. The
satellite communicationd system of fcl Ai m 23 wherein the multiple
beam antenna i s replaced wijth ilpl ¢ i ndependent single beam

hefsatellite conmuni cations system of

ant ennas. >
cl ai m 24 wherein tf tigl e beam antenna is replaced with
mul tiple independent sir 4 beam ant ennas.
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27. The satellite comruni cations systemof claim 18 wherein a t:he
plurality of subchannels contain identical information, the

: : : : 233
associ at ed MPA"Ps -bei ng nodul ated i dentically. PCT/USH902333, o
The satellite comunications system é¥4clai m 27 wherein 20 t he anal og
conmbi ner provides additional relative subchannel del ay
i nformation to the controller. 29. The satellite
comuni cati ons system of claim27 wherein at | east some of the
transponders associated with the plurality of subchannel s are
| ocated on the sane satellite.
-27- ' 30. The satellite communi cations system of
claim27 wherein g Lhe Jaillipl e beam antenna is replaced with
mul ti pl e i ndependeqtl single . beam ant ennas.
31. The satellite cojmuni cgﬁons syqtem of claim29 wherein 5 t he
mul tiple beam antennh is rgsﬁaced wigt h mul ti pl e i ndependent single
beam ant ennas. 8
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32. The satellite comuni cations system of claim27 wherein

timng signal lated with a i Gha | is -

transmtted i rﬁ_ifggpar ate fvgékaﬂ%%%%gﬁ&%ut g@lﬁt he same Satellite 10

i et S B B e D
e C— e que ey ocpTrratrcoa T ity Dlgllal

meas (i 50 Tnterpatipnal/Ratent Gpseifration 813 del ay [of { H® IaterpatiomahTrblication Nawbsrvdl| v sr-}f"T 0 99/40693
t he anmoumedBofsigsel ay in the pluralitjiyAbf delay ne in accord w,th
rel afi ve propagation del ays nmeasured i rﬂ‘?’ﬂ@mﬁt‘r"%"fﬂi’{k@ ","q)étﬁ’d t hller ‘c’ﬁ"‘%}u%gm'os’”)
redifect the tuners to receive the assocjated information-beari ng

S :'Ibc Ih @®rFetprgational Application Number: PCTAIS99/09333 @apgégiqtgi ggm% Ef\ ' %&gg%ﬁ. éig.
cl ai h Buipate: I oSRE Of BH&H GRIEDMIIE, 5, &% 3908, KBS, KP,
Wi th q’%ﬁ"“%{?ﬁ Huffpae: 3 February B s e S R B ApD, M e

satelﬁite.. 20 34. The satellWeWoW»%W@’ﬁrﬁ?&
cl ai MOz 10ds/ 16005 L1 P beart il Sk oh S, KEITLH, . $27uc, zw),

n
- - e
mul tipl e @gﬁ’fﬁ Bndent  SIIRE " o0s 241298 UPPAM Bk \ant (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™),
35. _l'he satellT1te conmuni cati ons system pf cl Birdprad BaetdAT,EBE) CH, CY, DE, DK, ES,tFR &R,
mul tifpl e beam antenna is replaced with nultipBB GRnH?eEeHHé%‘E Nk, iPEE, OéﬁRpatent (BF,
beam| &xApplicans: FRIEDMAN, Robert, F. RJS/US]; 4 Lover Lane, B, CF, CG, CI, CM, GA, OGN, GW, JIL, MR, NE, SN,
Fayetteville, GA 72701 (US). D, TG).

(74) Agents: LIMBACH, George, C. et al,; Limbach & Limbach
L.L.P., 2001 Ferry Building, San Francisco, CA 94111 (US). | Published

With international search report.

Before the expiration of the time limit for amending the

claims and to be republished in the event of the receipt of

amendments.

(54) Title: METHOD AND APPARATUS FOR COMBINING TRANSPONDERS ON MULTIPLE SATELLITES INTO VIRTUAL -

CHANNELS
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(57) Abstract

A satellite communications system provides an information channel between remotely located transmitters and reccivers. A virtual
satellite system provides the same service, but divides the signal either in power or in data content into subchannels such that any particular
signal is conducted to the intended receiver via a plurality of traditional satellits channels. The receiving terminal ( 16) accepts the plurality
of signals (26A, 26B, 26C, 26D) simultaneously from a possible ‘plurality of satellites (14A, 14B, 14C, 14D), combining the subchannels
comprising the virtual channel into the original signal content as if conducted via a single channel. The receiving antenna system (16)
receives satellite subchannel signals (14A, 14B, 14C, 14D) from a plurality of directions using multiple antennas or a single antenna (30)
with multi-direction capability. Prior to signal combining, the receiver (16) necessarily time-synchronizes the plurality of subchannels by
introducing time delay in some channels before combining the subsignals into the original composite.




