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Field of the Invention:
The invention relates to a method and apparatus for reception and synchronization in
a direct digital satellite broadcast system using line-of-sight (LOS) satellite-only reception, or
LOS reception with terrestrial re-radiation.
15

Background of the Invention:

Receivers in existing systems which provide terrestrial and/or satellite digital audio
radio service (DARS) have been radically affected by blockage, shadowing and multipath
effects which create severe degradations in signal quality, such as signal fading and iner-

20  symbol interference (ISD) due to multipath. These effects on broadcast channels to receivers

can be sensitive to location and frequency, particularly in an vrban environment or geographic
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10, S5, BTV S8 o B TR e B e o111
br oadcast sylstagonsusé.ngr the oeleobf 30 ghtrs) heCbhesssipniflcaritt et feeadpibh 6o, or
gap filling is needed to achieve satisfactory coverage for mobile radios, as well as static and
portable radios. In areas where the heights of buildings or geological obstructions are
relatively low (Le., on the order of less than 10 meters), blockage is not significant until the
20 distance from the sub-satellite point exceeds 1400 km, causing the LOS elevation angle to
become lower than 75 degrees. For distances of 6300 km from the sub-satellite point, the
elevation angle falls below 25° and the need for terrestrial re-radiation of the satellite signal
increases significantly,
Thus, at the mid and high latitude locations within the coverages of one or n;ore
25  broadcast satellites, terrestrial re-radiation is needed to achieve suitable radio reception. For
successful implementation of the reception by a mobile radio of direct LOS satellite signals
and their combination with the same signals terrestrially re-radiated, near relative
synchronization and combination of the satellite direct LOS signals with those repeated over
the terrestrial network is needed at the receive site. Also, near synchronization among the

30 signals re-radiated from the various terrestrial stations is needed at the receive sites.

Summary of the Inventon:

The above-described disadvantages are overcome and a number of advantages are

" realized by combining satellite direct LOS time diversity signals, or satellite direct LOS time



LOS reception with terrestrial re-radiation. 15 Background
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achi eve sui <:‘[oamt[))|riselngr 2 EI!SP oS ERE dofikins la:u?c{ a second number of rows; generating TDM-MCM
symbols corresponding in number to said fitst number using an Inverse Fast Fourer
Transform (IFFT) with said array, each of said TDM-MCM symbols having said second
number of said subcarriers for respective ones of said TDM symbols in corresponding said
rows, said first number of said TDM-MCM symbols corresponding to 2 TDM-MCM symbol
frame; and re-radiating said symbols from said TDM data stream via a tetrestrial re-tadiation
station in said TDM-MCM waveform.
Centets of coverage may be defined for groups of terrestrial re-radiation stations.
Signals emitted from each of a number of terrestrial re-radiation stations may be corrected to
compensate for differences in distance between respective ones of the terrestrial re-radiation
stations and the approximate center of coverage.
Satellite signals re-radiated from a terrestrial station may be cortected to compensate

for differences in times of arrival of the early signal from the satellite at respective ones of the

terrestrial re-radiation stations.



successful inplenmentation of the reception by a nobile radiz f d| “883
satellite signals and their conmbination with the sane sign P fugust 2
terrestrially re-radiated, near relative synchronization and corrbl nation
of the satellite direct LOS signals with those repeated over the
terrestrial network is needed at the receive site. Al so, near

synchroni zati on anong the 30 signals re-radiated fromthe various
terrestrial stat$igos ciofitcl 88ARMeAdstia @ @B YiBtish thSe oI thcme&sate

I nvention: The above-descri bed di sadvantages are overcone and a nunber of
advant ages ¥ delay Bagepsratingisyteresivisl pigtab user epdislite sigal et taosrilireaditionr sity
signals, orgsatellite -direct LOS time 19 August 2004 -3 and space

di versity signals, with re-radiated terrestrial diversity signals, which
are gener at ed asSymbopsdsytime difisiph euliglerdd datastreliny @oting 06 tsteguri@llre—reel@ébn/ed at

the terrestyl - &l ereglon
of the ci tygt%t%h nﬁ% g% &lglldptg%ﬁl ?h%ﬁi%te@%nﬁ?g%?% X}@%’%n "% ? e tine
or tinme anddlglpja@@uﬂpiemds’favgfom gnal s can be received jointly with a
terrestrial re- rﬁﬂleéstt%e P) teoéenzep%frgzg e]’r)%l‘ era dl‘?e gé’ﬁgd sgu%% | lalsteE gci rect

LOS signal to create sate terrestrial & ve S|ty recep % this
means, a motyichher of gad \P@#ﬁstgdrreﬂdmm statiorartbasnaghler geogaplgtally B@adIelde&'he LOS
signals are é!ﬁﬂ&ﬁncég Idﬂtaﬁ(fgeoe%&ax)( e&ﬂ%f Itﬁe seﬁ{,’lfec{ Qvﬂlqlglé @ tl'kel’{Qr esglsal lyc\b ere
terrestrial re-radiat signal's are nost preval ent, fansitions
bet ween t hefaﬂlmm%ﬂperss ofl therapaoximatersater ofdioserago topag dpe titternumdt Theutietrsstrof
reception. . h rrlval i mes of
the satellit dgﬁgye%%@ ?%(Zr?%#eh% %mp&gité% ﬂts&geg%&t éﬂz!E %fear%a |Ogt &d elfreésrtmra}est rial
si gnal s ar esigngytrpekmitiad froth tho SWCteIdlrwmb@r of tht tesregonh dsradiptipragaiondarceeni t h an
aspect of t 0

synchr oni Z|Jrg1gmgﬂggﬁeﬁédffge%ﬁ§ &Qm c%;'ﬂ&(”@erl ?p{%ug?!oﬁe%%ﬁ te:g%f:%%gn ber ﬂfﬂﬁ synbol s
in a TDM da‘lﬁiaes':fgiiteéa-’mﬂpesfatﬁpﬂeq%ﬂhe FRprdydnate fenten ef %bf@@rrl ers of a time
division mul tiplexedllel bERuhbEL: ohRAE aleg;qes% i 8¢ 0Plovikly & TV MM
wavef orm conprising the steps o ceiving said data st eam roma
satel | ite; 4Ppeals der biseatof tereprast wradistignstatipe aotpdsing Nﬁ@)ﬂvulgdéemncfoa
di stribute &wﬁ%ly isfeakPM

data str ea%ehaw ngﬁg(lf &%%g:g%}l uﬁlﬁgy&n& rlgnc%écsgﬁprl s??%ﬁga%}% gsgléacgg g
and a di styibok earrepersingoni azsslertoh nsmbererfdits dmtheadapl swreahi and oprosaiiog
synmbol s, SaiicORndefred tAVEaE’d 9&9&1 APl ﬁ)tefabfa%ggm Dﬁeh&%h@g&ﬂ g, sequence

bei ng useful to locate said rarre w thin sal data stream
gener at i ng Rfrtzle Wﬂwﬁﬁgaﬂéaldéﬁt@gﬂ#ﬁw@hxonﬂs@ndemefm sk TD3hilala strepmy

conprising s@ldfmlﬁtdaﬂlé% hﬂfm(lgca(? ie‘a’sm?)ﬁe *’ﬁ:‘)‘ﬂ/{ ?ra.tﬁg G Sﬂlg rﬁ}@ Em@ I()Jf % m’code

generatl ng TDM orresponding 1n n to sal I'rst nunber
usi ng an | rapd W?W@WHOW$CSW©M(PWW QKASMI bmisgdd ape afa MEth of

said TDW %@Mglc&t&m&%&@maé&c&ﬁ&mmﬂ? {lseg_ﬁ té%cgt%%%zw Bl for

respective ones of said In corres ng sal rows, said first
nunber of swHihin AR IRy Heas svher@mrSélé peaseising devise araTDVIVSNA syymtiolslin said

TDM data stream into respective  subcarriers to generate a time division

multiplexed/multicarrier modulated or TDM-MCM waveform comprising TDM-MCM

P code

symbols, each of said TDM-MCM symbols having a selected number of subcarriers, said
processing device employing said one of a MFP code and a distributed synchronization
sequence to synchronize said symbols in said TDM data stream with corresponding ones of

said  subcarriers in  respective said TDM-MCM  symbols pror to re-
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into respective subcarriers to generate a tine djvision
stations in said network; and corfecting said tetrestrial re-radiation signal to compensate for

differences in times of arrival of said eatly signal at respective ones of said terrestrial re-
radiation stations.

In accordance with yet another aspect of the present invention, there is provided a
method of transmitting a broadcast program in a time diversity communicaton system
wherein an early signal and a late signal are transmitted via at least one satellite, the eatly
signal comprising at least part of the broadcast program and the late signal cotresponding to
the early signal but delayed a selected period of time with respect to the eatly signal, the
communication system comprising a netwotk of terrestrial re-radiation stations for receiving
and processing the eatly signal to transmit a terrestrial re-radiation signal, the method
comprising the steps of: defining at least one approximate center of coverage among a
selected number of said terrestrial re-radiation stations which are geographically separated;
determining the respective differences in distance between each of said selected number of
said terrestrial re-radiation stations and said approximate center of coverage; and costecting

said terrestrial re-radiation signal to compensate for different times of arrival of said terrestrial



mul ti pl exed/ multicarrier nodul ated or TDM MCM wavef orm corrpn{)é'giugl?st'lz'%ﬁ MCM
synbol s, each of said TDM MCM synbol s having a sel ect ed nunbe

subcarriers, said processing device enploying said one of a MFP code and a
di stributed synchroni zati on sequence 9 synchroni ze said synbols in said
TDM data stream wi th correspondi ng ones of said subcarriers in respective
said TDM MCM synbols prior to re 19 August 2004 - 4a radiating said data
stream i n ssiedidioht dohl waeedt@d nfrach 3aid aseldcted hivebdrr dfadaid ereadil atraiatiost at i on.
The processing device.is.sone.tines .referred to as a.TDMto I\/(a\/l

transmul ti pT%tg’E? ata spiyep ficie sy %ﬁ‘cﬁé{}%g‘“‘f?& LB ISYF R RE SS51EFY 1 ane
preanbl e, ofumalbek 6f samtterveiriyl ra-radisfomit@ionods saitl spprotimbre dentet ef cdvldgeent i re TDM
frame, to synchrpnize .the s | s.in the ta streamw th corre ndi ng
ones of suboarr1 BiserHPE Rl R R b RE af P BresRise ot e B ERR 1
accordance hethbd af @idvlingas peadcaafpridian ps eseindrs corueiingahe stefesfe rdcaivipg ovi ded
a systemfor use a terrestri.al, re-radigtion.station copprising a

recei ver fo?aterlhéecgﬁf’l‘sn‘gl“%{" £ RS S gﬁm&norf?u% ?"E"i Re VSIPIWFﬁ\%gtaﬁéé F&am from
a satel | it edivasity] aiisaeliersigpds beojbig tsad baiadcastrpeepiny etherd ohxifnoarikélihood ng sai d
TDM data streami.nto.a nulticarrier. podul afed (! . veformto create a
e i vi o1 BHHRSEL T B3t AT ChPrPB TR et S P P BTTA RS t hat i s
robust to teimksbitedi fadm patebredii nsmdRgom Btatidt; tdefpatihing nehidhl of kadjenatagatn i es and
interferencgs;, and a . transmtt.er, connected to sai.d transcoder . for.

transm ¢4 1 et “TBRCCERTLT R SRR GRS aR R trt HEBR SOnEr PR of ¢ e
present i nvealifypalectng eifler bSsajdrmanting edllilalihaud tcbabinaf satetlisnépitcl kaidjtefrednisbadcast

channel in a ti di versi.ty. comuni cati gn _system wherein.an early.signal
and a | at e SrElEos s ppvinel e BrERUpantl paLs o liebiesing e ol 1y

si gnal conpseested gigat tol thastherpae bf @fd rhdxémbin daticasicombanhakelandbnbtvad sad e

signal conpr.i sittrﬂzg an tuheri fart of th% br ﬂadcas . é:QanneI, the | ate signal
cor respondi K YE FHEERPPE S PYREP SHUt-  FRTAVES ™8 ected period of tine
with respect to Irheceaddey wibga@iher hdpectcafntbel prcat: impwrndys tlem coprpridsi ng  a
network of Lerpestilalurewadiallon,slations, ', nacelying, and prgeessi ng
the early S|gn8 ) Vlfilrngﬁsmat 3 KEFTestrial Te-radiaion I gha "% net hod
conpri si ng tahdlitsdigplscoatpridlad @idhroddngt pragramy @sipeeliicwgnd béihgerlenceszddns di st ance

between said satellite and each of .said teryrestrial resradi atjon s%ations
in Sai 0 not R a0 S et ramend PorrLerria - PeridR a Shuell

conpensat e pwgramdpdd edancesntlrhatinges leadt aapariaabf ofid daiadcagarrbgrarsitymab  at

eSpeet e B85 BL B RIS LT e LA LA LS Bl e
met hod of thandmitet el havihg eagebshizpicagroden seid txoddeave dath veeasi baping been
comum cet A BS Th S0, SR SR bR BLE AR
| east part eflythandbeadd adictep pegrdafitianrdadvembaing sad duradhaoel wits mohellng t o
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broadcast program signal free of any interrupts due to uncorrelated blockages in reception of
said eatly channel and said late channel.

In accordance with still another aspect of the present invention, there is provided a
method performing at a transmitter to prepare for maximum likelihood reception by a Viterbi
convolution decoder at a receiver comprising the steps of: using a parent convolution coder
to code a broadcast program at a selected coding rate and generate parent output bits at a
transmit station; generating at said transmit station two higher rate convolution coded
streams by puncturing said parent coded output bits to obtain a first set of punctured coded
bits and a second set of punctured coded bits; assigning said first set of punctured coded bits
to an undelayed early channel; assigning said second set of punctured coded bits to a late

channel; delaying said late channel a selected period of time with respect to said eatly channel,



the early signal but delayed a selected period of tine with §§§g&qt20649 t he
early signal, the comrunication systemconprising a network 0 efrestrial
re-radiation stations for receiving and processing the early signal to
transmt a terrestrial re-radiation sigpal, the method conprising the
steps of. defining at | east one approximte center of coverage anong a

sel ected nunber of said terrestrial re-radiation stations which are

geogr aphi catidyrasepittingsedicadly deanae pidiaitgat Hmondspid etléoied pdiidd eitiervalieving
di stance betyegn sigﬁlﬁteo of gﬁ@hga §£L,ﬁﬂe§gecmmﬁfea@ sigrsiht 9 hBiid R8LTek Vhen
re-radiation statrons and said approxi mate cent’er® of coverage; and

correcting sesages bloghagesgrcpirale raephysicil abstwptions fermkent widoushile nseive afidpaid

different tj < 0f . 1 L: rlal 19 August 2004 - 4b
re-radi ati oﬁﬁg%tﬁgﬁa%g%%hpﬁ%?i&%lgéﬁrﬁ%géﬁ%%ﬁ%keI ected nunber of said
terrestrial re-rkdiceqrilayae with ardthy smbpdipented dho/preseguievantondiefchge-eadizgen i n

di stance be I } . i d.
terrestrial Hrég&?gé?%?fﬁg%g As/tﬁﬁlt?Pﬁ%@%%@é%%%&gggﬁg@%ﬁ? (Eé)raéa?? gclzno%/er age.

I n accor dang@ o fram &illgps oaplong epadysyscfeam ofitentre oprtewentt heightntifltnient there i s
provided a ,.nethod Qfa il Pi Bihd3 ﬁ%ﬁ@a‘?&aﬂ programto receivers conprising
the steps of: receiving satelli tg signals which are transmtted using one
of only tinme diversity or tinme and space diversity, said satellite signals
conpri sing gggf@epgngg(qp@@ﬁra%%r am when maxi num |i kel i hood conbi ned,
receiving a terrestrial re-radiation signal conprising said broadcast
program and tr afkaiiarpeschspacsmdyantegey ek pavell featetey ofdthepregamt gwvesttioo rwill be

det er mi ni ng WA ChiOfon Blnehd B KA foha&ﬁéaéaﬁgc@%& & HerSRlah Lbdigcib@nal  and
said terrestrial re-radiation signal has the best si gné’l qual I'ty;

sel ecti ng eWithibe aprfendedidsevngriinwinchi kel i hood comnbi ned satel lite signal or
said terrestrialg; = ity q! i t i

quality; and su,lf)1 egg?ﬁ@if\%\#ﬁc@ﬁ ﬁtg"p P%Jr%]%\sfesi %nli E%Tgle)%t&esa&gegéﬁgﬁ%g% ot her
one of sai dUREHETHEHT [sigReY ichesdtcted ibisnestdasen alithi e embedimbntapld thea prgsent
terrestrialit&ugadi ation signal unless a selected condition is satisfied.

I n accordance with another aspect of the present invention, there is

provi ded a net hdg Zofepisk g\brefidergt astr oside bret safslitng ferrapgportog dimeand spaerpr i si ng
the steps OfiverdiSEhatd Astiicted BlaRldriidnfe SHONAIMEOAMRL! S i ra@hdnREARdCast
program said satéllite signal being characterized as a single broadcast

dat a stream conpfigsiinggaph Eastiagngihdmbedtios sepedprisigpthgnd slestfies ddayo ddt ast
program angighileahe SRANRLpRBYI Ng at | east a portion of said broadcast
programthat is _delayed by a sel ected period of tinme before transmn ssion
t hereof, said eafigyt Bhatiehed crgydiasHPM-MCM; sogletfrenvraly eesiedrk KEN) wepsgructed

synchroni zag}lia&@r&gg%thggieglbg&gl@g%@%pqéglglﬁh%&g,@lm havi ng been encoded by a
parent convol utional coder to operating at a sel ected code rate; delaying

said early chanfigl® ipraesgnciengatoapt aienbets e MM subsetepinsicerirdrgesai d

| at e channel;mMd dhpdaindnfithdprechiaMigliod, N a maxi mum |i kel i hood Viterbi
decoder operating at _said code rate to recover said Dbroadcast program

signal free of alfi§g GiluseptesIPY sgmbolite M srhcatian medulitioe jecageasdinge witleept i on of
sai d early ghanpght 8N Sdef: ihdheoLhannel .




In accordance with still another aspect of the present invefghﬁgusﬁgg eis
provided a nethod performng at a transmitter to prepare for X1 num

| i kel i hood reception by a Viterbi convolution decoder at a receiver
conprising the steps of using a parent convol ution coder to code a
broadcast profr@EMoat a sel ected codi ng rate and gener at ePEAFINP63FUt put bits
at a transmt station; generating at said transmt station two higher rate
convol ution coded streans by puncturing said parent coded output bits to
obtain a first set of punctured codeds._bits and a second set of punctured
coded bits; assigning.said first set of punctured coded bits {0 an

undel ayed early ﬁaﬁﬁ@lﬁm‘a?s@iegqﬂqﬁ@%a‘?deééééfﬁ défg(e”ﬁ‘fs eepuklitcarbd bits
to a late chamel rerstlioY isRbomaind Hedly ediffiante bervedetRCleebufi® ré-0diagdn ti me
with respect to said early cs?ﬁmel; 19 August 2004 é?bc and t%_gensrritti ng

sai d early CHEPIEP HtcFes of SRt overes in afcordange 3o an sebadimsah At 5ae BESP} e

all owi ng saivdndicat € sighal to be uncorrelated with respect to said early

signal at, a nobile cei ver when rvi ces,. bl ock occur. due t hysi cal
obst ructifons bet k}@ei UEFE° HBBETen Pi@’&%ﬁ dégf“‘?ﬂcestgiigfé firancs rfr“i)rt'fsgﬁvmﬁrrd%ai ring
reception atTRMiMCMfhint 8ming depiorelin Figr7; accor dance wi t h anot her enbodi nent  of
the present inveptioff. SAChe LE:lAd 2R rabl 405 Mchh Bl i 2GSyt N o
power TDM MCM si gﬁa usi ng gro.una‘vvave propagation in a city or from
hilltops or ankwhedingadivhyprefenonveamtrennas on towers at heights sufficient to

reach distances f .gl@élgusﬁnges%l(;’e ﬁ;gamt BPRSRNICRL BmeBrifited RERCS hlDIRE, 6f

Drawi ng The vario ects, advantages and novel features of ft)he pr esent

i nventi dff wistatiornsen a hyvingn pelecied idipmstee i acgordans withearf embaslipeng ofdkdai | ed
descri ptionwhgRikv&adnl N conjunction wth the appended draw ngs, in which:
Figs. la ang | b each depict a broadcast sys{lgm usi ng one satellite for

transporti.ng tife Hi Yesrates thegpaypmym dagaet plEsRlMen Acenriehéeraifiar an
enbodi {rent @ﬂ;ati?r{a_ﬂ‘lﬁ?@?ﬂﬁ&c;)r&aﬁﬁé%ia@@rhbfdixﬁent3ftgéf§1ie§‘eh§ix1@eé1§6&ad_(3ta-5t _systlem
using two sate es. for,transporting ti and space,,di versity signals
constructed in albereiahe GAPRE SHenBisdrRERE Bmertahbe sk ia it Fon: Fig.
3 is a gsapko ikelputdmdtomgnbmde duration versus fade depth and identifies

del ays that optimze tinme diversity reception; Fig. 4 illustrates a
terrestrial TDM MCM singl e frequency network (SFN) constructed in

accor dance WetatteddVesaiptiodif the Prefanded Embodimasent i nvention; Fig. 5 illustrates
synchroni zati on : .St u l.ers;.in.accor.danc with an
enbodi ment  of t_h%tegl}-%g/lérﬁ%é@%%}énnts on: }‘—1! Q&gg}{ hﬁﬁsc%“kegsfrgsgnrg%?sayﬁbs %t 0- MOM
subcarri er fivetsityatinghinedn toa ouigad athe emndgsiriblea affeconbb tlodkept, shadowie, fadigent

I nventi 99  multipath. For example, a time diversity communication system can transmit early and late

satellite signals (i.e., one signal is delayed by a selected time interval with respect to the other
signal) in a single direct LOS data stream. Alternatively, a time diversity communication
system can transmit the early and late signals via respective ones of two direct LOS dara
streams. The duration of the time interval between early and late is determined by the
25  duration of the service outage due to blockage to be avoided. Experimental evidence referred
to herein gives guidance to the magnitude of the delay needed. Also, the two direct LOS data
streams can be transmitted by respective ones of two satellites that are separated in space to
implement space diversity, as well as time diversity. In both cases, the non-delayed channel is
delayed either at the terrestrial re-radiation transmitter and/or at the receiver so that the early
30 and late channels can be constructively combined.

Either of the above-referenced direct LOS satellite diversity implementations can be
combined with a networks of terrestrial re-radiation stations to overcome the blockage caused
by buildings, bridges and tunnels encountered in both urban centers and metropolitan

 locations where direct LOS reception from satellites is not always available. A rterrestrial

35 network can contain from one to any number of stations as needed for achieving a desired
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cal cul ation of LOS delay differences between satellite and terréstri al
re-radi ation stations and del ay differences between the terrestri al
re-radiation stations and the center of SFN coverage in accordance with an
embodi ment P W% resent invention; 5 Fig. 8 illustratBSVEWIERSi on of
hori zontal distance to LOS distance for use with the TDM MCM franme tim ng
depicted in Fig. 7; Fig. 9 illustrates the division of a TDMfranme into MCM
frames in accordance with an enbodi msnt of the present invention; Fig. 10

Il lustrates the alignnment of. K TDM,MoM fngrres ra“éii ateg f%om a rrultiﬁl icity of
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drawi ng fi gugresd wavk propaghdamemomentral irasizess divwritts abxb theircreunding mayopelitay 15 to
| i ke partss 3 ' Lt 18, : '
Erbod ment s S, e R L EEmEl 6] Rl e dhd LAS L ShBOdT | o
time and spd& signplywitha repetisionof the shtellite signat ovgrthe tansetnal siymdipgonieavask fect s of

bl ockage, shagowt ifinubRniHemiped rdiubh RAE ravEIRl iP SRR Shly @virkdtBrddd YL SI LY
comuni cati on system can tr_angmt arly and late satellite .signals (i.e.,
one signal itke gaEssHipbginiayced cieqonertes areas ALY Il#6 BRCHIANRG PEFEEH BEIVP §PEhe ot her
signal) in afgesngl e direct LOS data stream Alternatively, a time diversity

communi cation systemcan transnmt the early and |ate signalg via
respective ones ?gFWtﬂﬁhFéﬁe“E%‘%ét‘Ee TOR datansymbal, reapry SeesisA foom tee ti e

i nterval betaelks iss@hbeyteditta ndkicantcd nibatlaedivaatorhy Thing adonglishall bpmeadfs t he
servi ce out age t o bl ock e avoi ded. erinental, evjdenc
referred t8 ﬁréﬂg%n“@is- %%ﬁﬁ%&ﬁ@ﬁ%@%@m%?ﬂ%{%ﬁg“ ofqyly %fﬁm?‘?&eded.
Al so, the twsoigdéd echdin®al TBVAMCSE subearfiercianhd entervap amill eaekidl rerredipmat | ve
ones of two | kI . are separ at | o 1 npl ement ace
iversi ty. 2Rl b LRl S P B BRPBLAL R TSR E P AP BB 327
channel 1fs refetivgyte dnudipatheandgtields hrebuse recepsivn iir hreasewhegediirmtoif-sightt recepgon tst er
and/or at t egefg%ﬁjcyeg[ so that the early 30 and |ate channels can be

y

constructive onbi ned. Either of the above-referenced direct LCS
satellite diversity inplenentations can be conbined with a network of

terrestrial 1re- rogbiRiRe :i&i%m%fls%hpwx%ﬁq%gmw&he bl ockage caused by
bui | di ngs, bri dggéﬂand unnel s encountered 1 n both urban centers_ and

metropolitan | BHEPIRh TS NCHREREIEESS™ st Rt ReF pntatsitcelrit oS s ot
al wvays agai hdtbinebileAedeivérs @Sdiresd in the following, As stated previously, signal blockages at

receivers can occur due to physical obstructions between a transmitter and the receiver. In

addition, service outages can occur due to signal fading, cancellations and carrier phase

perturbations. Mobile receivers, for example, encounter blockage by physical obstructions

when they pass through tunnels or travel near buildings or trees that impede line of sight

25 (LOS) signal reception. Service outages can occur, on the other hand, due to signal

cancellations, fading and camrier phase perturbations when interfering multipach signal
reflections are sufficiently high with respect to the desired signal.

Satellite communication systems can employ time diversity only, space diversity only

or time and space diversity together to mitigate the undesirable effects of direct line-of-sight

30 blockage, shadowing and multipath fades. For example, as shown in Fig, 1a, a time diversity

only satellite communication system 10 can transmit early and late versions of the same signal

in a single direct LOS data stream 12 over the satellite 14 (i.e., the late signal is a replica of the

early signal but delayed by a selected time interval). Aliernatively, as shown in Fig. 1b, a time

diversity only communication system 10 can transmit one LOS data stream 18 transporting




35 network can contain fromone to any nunber of stations ag gﬁg&ﬁgoégr
achieving a desired 19 August 2004 WO 01/ 65749 PCT/ USQO /063 % cover age
To use terrestrial re-radiation of direct satellite signals, the present

i nvention provides for conversion of the satellite TDMsignal to a

mul ticarri eVORBENI#at i on waveform which is inherently reB¢BUSNEBD and
robust in the kind of nmultipath environnent expected in ground wave
propagation in central business districts and their, surrounding
nmetropolitan 5 areas. The present inveption prOV|des means to synchroni ze
and conbine the satellite direct LOS signals with a repetition of the
satel lite si¢mathe garbsignasand epatlees LOS slita stecameinsporting opldappiigaals gver autilitev e

cont i nuous, p@lnterrupted reception when traveling in satellite-only

cover age areas, |n he terrestrial reinforced city cqverage, areas, as well
as when transiti fysadissoEmopicaiop st eBeningERase @%ﬂmel%vw Sehermindis he
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only, space div ace dive t ogether to
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the receiver uses one RF section that receives the TDM carrier. In this situation, for
each mc_)blle broadcast program, two direct LOS mobile reception broadcast channels are
25  sent in the same TDM stream. The symbols of each broadcast channel are time division
multiplexed 33 within the frames of a TDM carrier along with those of other broadcast
channels. One broadcast channel carries an early signal, and the other broadcast channel
carries a late signal, This process provides time diversity at the receiver 22 that enhances the
availability of continuous, uninterrupted reception under dynamic blockage events that can

30 occur with a vehicle moving along a highway, for example. .
With reference to the satellite signals 16 and 18 depicted in Fig. 1b, whereby a system
10 recovers two TDM streams 27 and demultiplexes and decodes the appropriate broadcast
channels from these TDM streams, a receiver 22 is equipped to receive and process two
TDM satellite carriers. To do this, the receiver 22 has a radio frequency (RF) section that is
35 capable of receiviné two satellite TDM carriers. A single RF section that has sufficient



di versity only comuni cation system 10 can transmt one LOSIQ?\ %tzb&?‘m 18
transporting 19 August 2004 WO 01/65749 PCT/US01/ 06337 -7 e early
signal s and another LOS data streamtransporting only late si gnal s over
satellite 14. A satellite conmmunication system conbining space and tinme
diversity i¥O8HBM! in Fig. 2. Two direct LOS data streab&d¥14®3# 18 can be
transmtted by respective ones of two 5 satellites 14 and 20 that are
separated in space by a distance sufficient to inplenent space diversity.
Time diversity is inplenmented either .Igy transporti ng a mx of early and

| ate conpanion.sjgnals.on e a stream or spor.tin |] early
S onal o on Greidh 30 Seud i HEITER St 68 b, Bed ek 1 nASGY HoPHHetY st r eam
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non-del ayed 10 si t he ear.l satell e I s del ayed at a
recei-ver 22'¢8"% ﬁm?'ﬁ éeverbgiegeyﬁ@’hﬁ h%' ﬁ@d %‘ Tt 19 éf}y
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undel ayed (hence called early hannel carries same
broadcast pFoyRE#cEns shll be refarred to 45 dusl ampspsllitqraesivee cal l ed | ate). These

early and | at e breadeash oPih@@JHﬁ|u§er9é@et§r@en¢é3ﬂﬁ£rﬂﬁ£t@§tgﬂﬁ'1@&%&%’&& bipthe
conpani qﬁ grﬁal S, W th, one chapnel  being carri oh either transport
nd

carrier n thﬂl‘Feﬁe“’Eﬁ geiRsIte Beavaided dhf fureron; o sarriceavnas is wersrniraddyopposi t e

t ransport carerdmibuuaﬁ)mwwbsr&ftm Blbg@rs! th Eih., 51@&1@&' dré ehoSd @R |buldndeti cted in
Fig. la, a receiyer 22 |nba S m 10 hat e onI ﬁ;ng' d,Drect LGS
st ream f r om BIRE° Belghiy 3id sgibagls ‘B’P iSHE™d akebgrﬂr‘i/ &° PeEESve one

time divisi ﬂmknglahd preghaaging 'I]Egbwajzafdfoiueu&ylh& h-rmiﬂe&ﬁtbﬁdgd:s&n@aﬁhai g node.
To do this,thy RF .se recei ves t.he .TDM

r, uses one
carrier. In thi Scogl {fe géiﬁ otre&)mv %ﬁ“ﬂ%%‘aﬁ %VCB%%&E%’?tﬂ’epﬁpB@P’éﬁ dt% di rect
LOS nobitfe 9fétbepaﬂue@rﬁﬂtyrddadba@ucsemhlngl'a}a§s ladJEuQEdbmelcmh@nm%TDI\/l stream

Th nbol f | t d 33
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channel s. Osé fmasariebide Pb)ﬁ?&ﬂtd@tnbcmnrqfé@%lﬂom layd e gread of @ndeltcrhse"lbt her
broadcast charaef dusf‘cﬁfaj} V@& Br vehlRs éﬁx@ﬂ%‘caéogg cal%ﬂpﬁélﬁ%af{ a‘?\’@ Ssp@e' e

diversity éat he receiver 22 that enh aval contl nuous,

uni nt er r upt €8 ¢ &8 dreelgrterbro bryleasreroush e kevse teydistbytion of th?ahiockws occur
With a 2@hi@keunimded. NG vathduTde me&baeammﬁs Efefe%%"ﬂ? busFricidpt Hmaﬁoﬂftsamﬁﬁe to the
satellite mg@ﬁk}; 6 and 18 ctedlg ,. Whereby a system 10
recovers twj rQafk " of lagkagss b ‘é)Pé’é salenedecbaesumbE mevenpri at e
broadcast construction (e.g., such as to make the complexity and/or the cost of a receiver to be

commercially undesirable). As an example of the duration of such a blockage, a car passing
under a bridge 50 ft wide at 30 mph is considered. The LOS to the satellite is blocked for

25 1.136 seconds, and the delay of the late signal is at least equal to this value.
Measurements of blockages have been conducted on rural highways, as discussed in
Lutz et al.,”Land Mobile Satellite Communications - Channel Model, Modulation and Error
Control”, Proceedings ICDSC7 International Conference on Digital  Satellite
Communications, May 12-16, 1986. Using data from this, a graph of the fraction of blockage
30 encountered versus the available depth of fade margin for a mixture of obstacles such as
bridges, roadside structures, buildings and trees has been plotted. This data, provided in Fig.
3, shows that for a fade depth margin of 12 dB, the delay time lies between 2 and 8 seconds.
Fade depth margin is the difference between the signal level arriving from the satellite and
_ that which causes the received signal to become unacceptable. Thus, for example, if the
E 35 satellite signal is sufficiently strong to achieve a fade margin of 12 dB, from Fig 3, it is seen



channel's fromthese TDM streans, a receiver 22 is equi pped ' and
process two TDM satellite carriers. To do this, the recei VL?AE%&%%Q@%
radio frequency (RF) section that is 35 capable of receiving two satellite
TDM carriers. A single RF section that has sufficient 19 August 2004 WO

01/ 65749 PGH® UBGI1#06337 -8- bandwi dth to receive two RF PROKUSOHPG3BErs can be
used. Such a design is particularly applicable when the two TDM carriers
are arranged in their spectrumso as to be contiguous to one another.
However, there may be circunstances wgere the two carriers cannot- be
placed in contiguous proximty and nmust be separated in their spectrum
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stream are pseudo randomly and uniformly split and ordered. For example, the input to the

25  interleaver accepts a pair of message streams. The cross-interleaver acts upon the bits to
generate two output cross-interleaved streams. The interleaver causes the bits of each input
message stream to be split in a pseudo random manner berween the wo output cross-

_ interleaved streams. Also, the bits are separated as far from one another as possible in each of
a pair of cross-interleaved streams, Each of the cross-interleaved streams transports half the

30  content of each input message. Each stream is transported over a different and diverse path.
When used in combination with a parent convolutional coder, the output of which is
punctured into the two message streams to form the input to the cross-interleaver, and a
Viterbi decoder (e.g., using a convolutional decoder matching the parent coder), the xﬁessage
bit stream that was the input to the parent convolutional coder is recovered in a maximum

35  likelihood manner at the Viterbi decoder output. This process can eliminate burst transport
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cross- interleav (gg strea so, the bits are separate as’'fa rom one

anot her as f?6l¥ ang)fage pags gg}pr@ﬂdcast stream using a soft decision Viterbi decoder results in
optimized maximum likelihood combining. This recombination uses signal-to-noise ratio

25  estimates for each bit recombined to create the maximum likelihood combining resut.
Alernatively, relatively simple switching can be used instead of the maximum
likelihood combining of the early and late broadcast signals. In this case, the receiver 22
switches between the early and late broadcast signals. The receiver 22 preferably outpurs the
late broadcast signal, unless the late broadcast signal is blocked. When it is blocked, the
30  receiver 22 switches to the delayed early broadcast signal. Alignment using the proper delay
assures that there is no tme discontinuity encountered when the receiver 22 switches
between the late and early broadeast signals. The alignment should be within 10 milliseconds
or less to avoid audible interrupt. The signal is lost only if both the early and the late
. broadcast signals are blocked simultaneously. This happens only if the duration of a
35  simultaneous blockage exceeds the delay time between the early and late signals. Viterbi
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Two TIDM streams intended for direct satellite LOS mobile reception are sent, that is,

one stream 16 transporting late signals and the other stream 18 transporting early sigrials. The
streams 16 and 18 from respective ones of two spatially separated satellites 14 and 20, as
depicted in Fig, 2. This implements space diversity, as well as time diversity reception, The
30 two satellites 14 and 20 are separated sufficiently apart in space to provide two different pdths
of arrival for TDM streams. Thus, an opportunity for space diversity reception is provided
since, if one path is blocked, it is unlikely that the other path is also blocked. One TDM
stream 16 carries late BCs, and the other TDM stream 18 carries early BCs, to provide. time
diversity at the receiver 22 and enhance the availability of continuous reception under
35  dynamic blockage circumstances that occur in a moving vehicle. The delay time 34 between
. the early and late TDM streams is a system parameter that is determined as described above
for early and late broadcast sigrlals demultiplexed from one TDM signal.
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€ same processing cu'cmtry that performs time diversity as previously described, that is,

the maximum likelthood Viterbi combining processing 28 simultaneously implements both
time diversity and space diversity. Alternatively, simple switching to select the signal with the

25  best reception quality can be used. —

As stated previously, space diversity reception results because the early broadcast

signal comes from a satellite 14, the late broadcast signal comes from a satellite 20, (or vice-
versa) and the satellites 14 and 20 are at different space locations, as illustrated in Fig. 2. The
different space locations can be achieved using satellites at different locations along the geo-

30  synchronous orbit, or two satellites in different elliptical orbits inclined relative to the equator
and properly timed in their sidereal day phase to provide continuous space and time diversity
coverage over a targeted region, for example. In the latter case, there can be three or four
satellites in different highly inclined elliptical orbits, for example, which are used two at a time
to achieve space diversity at high latit'udes.

35
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used. transport schemes such as frequency division multiplexing or code division multiplexing of -

any combination of such multiplexing methods.

25 Direct LOS satellite carriers equipped for space and ume diversity can deliver
communications to mobile units in unblocked and partially blocked rural areas with high
availability using the above-described methods. Low, medium and high-rise buildings that are
commonly found in cities, however, can severely block LOS satellite recepuon. Thus, a
terrestrial re-radiation system is needed to augment LOS satellite reception and achieve high

30  availability reception in both cities and countryside.

To overcome LOS blockage, a network 36 of terrestrial re-radiation stations 38 are
provided in different locations in a city, as shown in Fig. 4. Each terrestrial re-radiation
station 38 transmits a waveform designed to be robust to multipath interference and to repeat
the direct LOS satellite digital TDM stream or selected components {e.g., Broadcast

.35 Channels) -of that TDM stream. All of the temestrial re-radiation stations 38 preferably
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and bl ockagenrhyn Inhdindiblandart mdisidadlg elendfiad &rd dsadhingted aulstaivedsy, méaes r est ri al
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t hey need to synchtroni ze ) the satellite direct L
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synchr oni zaidiaRH. CDMARLLAPREL 513 BPRU L& sEmBRES BQY reception using one or
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transported,using ti iMisjion multiplexing..This is .not meant to preclude
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or code di vinsduburedrx MGM byebiolgA®important feature of this embodiment is to synchronize the

TDM-MCM terrestrial re-radiated waveform to the TDM stream received from the satellite.

It should be recognized that this synchronization between the TDM waveform sent via the

T2

25 satellite and any other waveform used for terrestrial re-radiation should take into account the
propagation delay differences between the satellite and the terrestrial re-radiation stations and

between the terrestrial re-radiation stations and the receivers.

2.1 Implementation of Terrestrial Re-radiation Using TDM-MCM
30 Different satellite transport options are possible. They are: 1) one direct LOS satellite
TDM stream from the same satellite carrying broadcast signals with no time or space
diversity; 2) one direct LOS satellite TDM stream from the same satellite carrying both early
and late broadcast signals; 3) two direct LOS satellite TDM streams from the same satellite
(L., one stream carrying the late BCs and the other stream carrying the early BCs); and 4) two
35  direct LOS satellite TDM streams from different satellites (.e., one TDM stream carrying late



any conbi nation of such multiplexing methods. 25 Direct LOSigaughdtixbes
carriers equipped for space and time diversity can deliver communications
to nmobile units in unblocked and partially blocked rural areas with high
avai | abi | i {yp ¢4%573@ the above-described net hods. Low, nedipginapghsii,gh-rise
bui I dings that are comonly found in cities, however, can severely bl ock
LOS satellite reception. Thus, a terrestrial re- radlatlon systemis needed
to augnent LGOS satellite reception and achieve high 30 availability
reception in both cities and countrysilde. To overcome LOS bl ockage, a
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t etapso t he ua er to tructiv reco i.ne ,t he.i ndi,vi du
mul ti path aieag bl resrpEen Hgﬁ%lﬁ%wqf’%@’ PEPREraR C‘éﬁﬂa‘f@?

Di vi si on Whﬁéﬂ&ﬂoﬂﬁﬁ%eﬁvﬁ@é&wdrﬂcﬁh&;ﬂﬂ@eﬁh&m TDMeagddhy. wavef or m s

divided into co tltu%ﬂf pans ,such as. Prine t 2 Chafnnel:i Sm\B&s nd t hese

parts are rebroaffc¥§e" C RS VBT OF ts SPERUP T aREo e

si gnal s 1§ hathvék@@umépaon,eaétmauhmdw ehtireandiria swaxidnnehiah ﬂari;ﬁslte;zl w dent ikki ed and

discrimnated a yﬁ p@cel eE{% )éhmeans of digital codes gglnl‘;ql quel y

to each PRC ““F’@E:%‘” of e ey B adhs Sehef s 8?’35%%5%‘3“ onmon

assi gned :J of u;pactrﬁp%hloam@é fBCdiEolr:Duhe &émcglmeﬁﬁmmes&dﬁmnfendsém‘thuthyca@;e 1993

i ncor por at ed..her ei ref erenc in r can be

v ang e s B e‘“%‘if'reaé&ﬁﬁ‘bﬂ“ 8 4 resmalift, S0l 22 RRAGA S e EEL A BT

carriers. Ae;:cheeumeﬁs amdhthie Renterc4d dfahe t&hﬂnﬁ@ﬁr&gﬁd@bmnd)thea:@@smgd

reasse n the follo BRb DMt MCM wavef or m
p?é ot Fl%]arl mvoéved gbcopved‘lim&tk%]\i\bg FOM Y ecn?%gthle MM .

for te nrs-se he term waveformis
used to refer toB;thqmmghdaﬁmmrﬁemcfe of tleandiiabjiitnes| of syntetsriab fe-radiFom signslef or m

received diy haseh &w Mte saté tspggal a?t!’n lccj:nitetr(iz 8?&&95’&%’1:&\;«382& b Wfififum of difference in
their arrival times occurs within and at the periphery of the terrestrial coverage region 40.
Consequently, when leaving or entering the terrestrial coverage region 40, the “hand-off”
25  between the terrestrial and satellite signals occurs without noticeable interrupt in a received
audio signal, for example, This same alignment discipline, when applied at each terrestrial
repeater station, causes time and phase coincidence of the MCM symbols from each
terrestrial station arriving at the center of the terrestrial coverage that optimizes the quality of
" reception at a mobile platform. As a mobile receiver departs from the center of terrestrial
30  coverage, the MCM arrivals become scattered in the time and phase. By design, the scatter
can be as great as a guard time that is inserted in the MCM symbol period that is typically 60
microseconds and allows for departure distances of up to 9 km from the center of coverage.

In accordance with the present invention, each re-radiation transmuter re-radiates its
TDM-MCM signal by ground wave propagation from a high power transmitter. The radiated

35  power level can be as low as 0 dBW for small coverage areas with sparse blockage to 40 dBW



modul ated or MCM synbols. An inportant feature of this enmbodiongpisd &
synchronize the TDM MCMterrestrial re-radi ated waveformto the TDIVI stream
received fromthe satellite. It should be recognized that this
synchroni zati on between the TDM waveform sent via the 25 satellite and any
ot her wavef¥PH/E¥E] for terrestrial re-radiation shoul d PEKESHER7 account
the propagation delay differences between the satellite and the
terrestrial re-radiation stations and between the terrestrial re-radiation
stations and the receivers. 2.1 Inpleggntation of Terrestrial Re-radiation
Usi ng TDM 30 Different satellite tr port options are ssi bl.e. They
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25 Switch From LOS TDM to TDM-MCM, when TDM-MCM BER < LOS TDM BER
- A1BER; and
Switch From TDM-MCM to LOS TDM when LOS TDM BER < TDM-MCM BER
- AZBER
30 Use of AIBER and A2BER, as indicated above, prevents chatter when switching

between LOS TDM and TDM-MCM. By making A2BER > A1BER, the switch from TDM-
MCM to LOS TDM is more difficult than from LOS TDM to TDM-MCM. This is desirable

because, when entering the city coverage area, the receiver 22 should preferably stay with the
TDM-MCM once it is captured by the TDM-MCM. As an example of this operation, assume



By requiring near coincidence of the arrival times of the teaorQghkdfos
re-radi ation signal and the late satellite signal at the center 42 of
terrestrial coverage, a mninumof difference in their arrival tines
occurs within and at the periphery of the terrestrial coverage regi on 40.
Consequent I‘VU"W‘H’ | eaving or entering the terrestrial cBHEEUSHB3FEgIi on 40,
the "hand-of f" 25 between the terrestrial and satellite signals occurs

wi t hout noticeable interrupt in a received audio signal, for exanple. This
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details of the TDM-MCM transmultiplexer. The earliest TDM symbols fill the earliest row of
25  the array, the next earliest the next row and so on until the last row is filled with the last TDM

symbols of the frame. Each block 44 is supplied to the input of an Inverse Fast Fourier
Transform (IFFT) 46. The action of the IFFT forms one MCM symbol 48 containing N
OFDM carriers, that is, one carrier for each TDM data symbol of a row. Each OFDM carrier
is differential QPSK. modulated relative to an added phase reference carrier. Thus, each MCM
30 symbol contains N+1 carriers. The .process 15 repeated sequentially for all M columns of the
TDM data symbol block to form 2 complete MCM symbol frame 50. The M columns of a
TDM block 44 form M MCM time sequential symbols 48, each having N carriers plus one
phase reference carrier. This constitutes an TDM-MCM frame 50. The total mumber of TDM
data symbols carried per TDM-MCM frame 50 is M x N. It is to be understood that the



instant, a receiver 22 preferably selects that signal (i.e., 1948gudtDdoar

TDM MC' that provides the best BC quality. Reception quality can be
measured in- terms of the bit error rate (BER) in each received bit
stream Switching is done in terns of BER difference as follows: 25 Switch
From LOS TDKP Y63 MCK when TDM MCM BER ~ LOS TDM BER ECTAYVERE33Bnd Swit ch
From TDM MCM to LOS TDM when LOS TDM BER ~ TDM MCM BER - A2BER 30 Use of
Al BER and AMJ, as indicated above, prevents chatter when switching between
LOS TDM and TDM MM By maki ng A2BER >_ Al BER, the switch from TDM MCMto LGS
TDMis more difficult than fromLOS TDMto TDM MCK This.is deswable
because, whenluesiMer B aed Niveh showy incig Srasgytor dluamuive prapesescily efuch yalis e d
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20  the time domain MCM symbol output from the IFFT 46 is 2" R/Nqp,,. As indicated at 56, a
- guard interval that is a fraction of 7 of the symbol period is generated. This action results in a
time compression of (1 - 1)™ of the IFFT output. To assemble a TDM-MCM frame, a
frame synchronization word 49 is added once every Myqs MCM symbols, thereby further
muldplying time compression by My + 1)/Mygan as indicated at 58. The bandwidth of
25  the TDM-MCM waveform is therefore RR/S)((1 - n) -1) Myau + 1)/ My
The parameters used in TDM-to-MCM symbol modulation {e.g., the symbol rate R of
the TDM stream, the number Ny, of TDM symbols per MCM symbol, the number 2" of
IFFT coefficients, the guard interval fraction 1, and the TDM-MCM frame length Myc,,) are
selected to achieve an integer number of TDM-MCM frames 50 per TDM frame 64 (Fig. 9).
30  This choice permits use of a TDM master frame preamble (MFP) for TDM-MCM frame
synchronization. The IFFT accepts 2" input coefficients at a time. The number 2" must be

equal to or greater than Ny, Thus, only N, OFDM subcarrier non-zero spectrum
coefficients 54 are admitted as input to the IFFT 46, Those Nqp values selected are the



contains Mcolums and Nrows. Mand N are design paranet er d9detgestrid0féd by
design details of the TDM MCM transnul ti pl exer. The earliest TDM synbol s
fill the earliest row of 25 the array, the next earliest the next row and
so on until_the last rowis filled with the ast TDM synbols of the frane.
Each bl ock MANE™upplied to the input of an Inverse FasPCHBWINGT
Transform (I FFT) 46. The action of the WET forns one MCM synbol 48
containing N OFDM carriers, that is, one carrier for each TDM data synbol
of a row Each OFDMcarrier is diffefgential QPSK nodul ated relative to an
added phase reference carrier. Thus, each MCM 30_s nbol contai ns N+ |
carriers. TReespemersdin the IFEhensewmmn wendownlbaupysed iF Lasqeffivienis b theFBT t he
TDM dat a symnﬁm&g&hﬁggm@eggg&beﬁgﬂ MCM synbol frame 50. The M col ums
of a TDM bl'ock 44 for me sequential synbols 48, each having N
carriers plus one phase reference carrier. This constitutes an TDM MCM
frane 50. Tlae tOIBMdﬁﬁ@ﬂfoltbfTﬂ'mCM@&hW%k}&oﬁ&hbﬁ ed per TDM MCM frane
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period is gd?neraéf Thi§ action results In
stance differences between individual terresmal re-radianon stations and the satellite, and a

second is a correction for the distances between each terrestrial re-radiation station and the
25  center of SFN coverage. The calculation of these two delay corrections is described below.
The third delay correction is introduced to cause the TDM-MCM signal to arrive in
time phase with the satellite LOS late signal at a mobile receiver located at the center of
coverage of the SFN. This must be done because the early LOS BC TDM signal from the
satellite is used to generate the TDM-MCM terrestrial re-radiation signal. The arrival at the
30 center of coverage of this latter signal must occur at nearly the same time as the arrival of late
LOS BC TDM signal from the satellite. To cause this to happen, an amount equal to the
delay between early and late signals must delay the early LOS BC TDM signal from the
satellite. Some of this delay is due to the processing delay encountered in the TDM to TDM-
MCM transmultiplex process. The remainder is introduced by a digital delay line apphed to
35  the TDM: stream beforé the TDM to TDM-MCM transmultiplex process.



time conpression of (1 - r,-'" of the IFFT output. To assenbll AnghfN0MEM
frame, a frame synchroni zation word 49 is added once every MM MM

synbol s, thereby further nmultiplying time conpression by (MME + 1)/ MW, ,,,
as indicated at 58. The bandwi dth of 25 the TDM MCM waveformis therefore
R(R S) ((1- WPP/e519 (MVGA + 1)/ Mvem The paraneters used i FCHEAEIMOM synbol
nodul ation (e.g., the synbol rate R of the TDM stream the nunber NTDm of
TDM synbol s per MCM synbol, the nunber 2" of |FFT coefficients, the guard
intérval fraction rl, and the TDM MChpfrane length MMEM are selected to
achieve an integ nunber of TDW frames 50 per TDMfrane 6 ig. 9).
30 This choice pgfﬁ‘FFFtcéﬂ §& YFhgr PDM RRIST CPY%%E'?HP*& |‘§‘%§§F¥\EF° TDM MCM
frame synchyptifizz avealh recepkién Wik a6y epd sts 2iburltpiibs@oof fehreduti rSradiitich t 1 NMe.
The nunber 2" .rrusg8 bfe gﬁygl to,or ‘?q'rcﬁ% ter than NnmM Thus,. onw NcHM OFDM
subcarrie nEROFP PR S dhcart fogtse @?ff%‘ CEDFEIS Oh CRIES PER AT AU to t he
| FFT 46. Thoskurbilbecmat oé distarek cgtigihgaing bideleagd pechiigiiad TREE 4nfMEcO Thébhirévt9

PCT/ USOl/5063t§,7 _r%e%fi Qnes.cent eO[Jeed in the | FFT spectrum wi ndow. The unused

| FFT coefficlante at theq "spect rum wi-ndow edges are assigned a zero
value. 2.4 TDM data synbol to TDM MCM data synbol Synchronization 5 As

stat ed abov th NCVRL S 4 I o= adi a1l t er ably
operate i n%’é Si %igee tgr%gﬁéﬁgﬁgf%\@rnkf%w %%é&%g%%?g%dﬁég halg({r ie%es a
multiplicity of terrestrial re- radiation stations 38 that retransmt at

lleast pafgt of tha,eakl %{m%faw,!, bitnkefe chiBRriddMrBYES BT PRchroflok eSihRR L g

re-radi ation stations transmt_in the sanme carrier frequency bandw dth.
Each t er r eSERst SFR cpumeach tha TRMMCM rigpal pregadisedsirom stions dnfer TDM MOM

wavef orm as ald) aiffeliehtsmﬂ@opmam@muﬁamm%a\famirailiaﬁsﬁma&%@é'{rﬁﬂ. stalti on
si gnal carrying e early

recei ves and del gys the sarreétﬁ@atel | i te?’bﬁ/l)s :

BCs by an ampunt TE§lte ftorganati4and 40 streamcarried on the TDM MCM
carrier is syrihdifferegeehnifd rinkes dieroldighantiff@dénc@rbeivwead the fe-taliticnatabhs 388 LOS -
TDM car rﬁi ng thearld%%% BCs he cent.er of coverage of the SFN. The synbols
of the satellite M {13t e early BCs are precisely and

consi st ent | hagmingmiiteranoestchrebesianedutddRiveith readinicarstaiot by dxdyhPhteMIDdat a

synbol s, as iped e.h?M in cepnnection. with.Figs. 5 and 6. Theg stations
38 of the Sk %@ﬁé)r Ay It}geca ed S0 a5 °t IO R ZE 26V efnga’e‘%gfce BV Und its
subur bs wi t pat @il héén nunber of stations. In accordance with the present
invention, tine delay corrections are introduced at the terrestrial
re-radiation stations 38 so that the arrival 20 tines of MCM synbol s
car ryi ng®t hélsametedlig teReirpciaripmimiéng EDM ot Differaacasear |y synchroni zed at a
center 42 or Centéisiflef nGONRIBIE rertBFif Ge-LRES Qhtiohd TP uHelBNyCRE "IGZ%{H]' ons are
needed. Two ti del ay corrections involve distance corrections. eis a
correction fxg}a.[rf?q;@ the satellire. At elevation angles other than 90°, i.e. directly overhead, the distance
berween each terrestrial re-radiation station and the satellite is different. Thus, there will be
differences in the slant range between each terrestrial re-radiation station location and the
25  satellite and therefore in the times of TDM signal arrival. Also, the distances between each
terrestrial re-radiating station 38 and the center of coverage 42 are different. The following
scenario illustrates the magnitude of the time differences caused by the distance differences.
For illustrative purposes, a SFN re-radiation network 36 is considered which
comprises a number of terrestrial re-radiation stations 38 in geographic locations chosen to
30  adequately cover a city and it’s associated metropolitan area. In relatively simple, small and
confined blocked topologies, small numbers of terrestrial re-radiation stations suffice. In
large, more complicated blocked topologies; large numbers of terrestrial re-radiation stations
are needed.
The method for calculating delay differences due to slant range distance differences
35  between the terrestrial re-radiation stations 38 and the satellite 14 is shown in Fig. 7. The

distance differences are measured between perpendiculars to the line-of-sight to the satellite




di stance differences between individual terrestrial re-radi dPidupustZii0ions
and the satellite, and a second is a correction for the distances between
each terrestrial re-radiation station and the 25 center of SFN coverage.
The calculation of these two delay corrections is described below. The
third del ayW@3MFE® i on is introduced to cause the TDWV MCRFEPIMHAS3T 0 arrive
in time phase with the satellite LOS |ate signal at a nobile receiver

| ocated at .the center of coverage of the SFN. This nmust be done because
the early LOS BC TDM signal fromthe _gatellite is used to generate the
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Di stances Fr!@lgeiéngﬁbsf§1a<§if?érlﬂicgsem%gal-tr es IS hEENNRE 2 O, SPN Coverage. . 1.0 As
stated previously, timng correcti ons are made £ &FF ynchroni ze the arrivals
at the center of SFN coverage of the TDM MCM signals re-radiated from
stations 38 for a) differ i f arrival of the satellite TDM signal s
at re-radiation stations ?géf&?%mnrhﬁtéﬁgmsmé‘tel lite 14 or satellites 14 and 20
and b) different transit tines dusert:0 di stance differences between the
re-radi afd on stations 38 15 and,the center of SFN coverage 42. The tim ng
di fferefllfcsles can be introduced at® ﬂfﬂ‘ﬁ“rﬂe@ﬂm'é&)i’é‘qugw) station by del aying the
TDM data synbols of the TDM st r a@m.f o= (an+app5@g[;?ate time in a nenory
device prior to their input to |FFT 46, ,'5_0 3.1 Satellite to Re-radiation
Station TDM Tining Differences obrisP@det ighh@vsork 36 of terrestrial

re-radi ation stations 38 that receive the TDM signal fromthe satellite.
At el evation angbgs ot her than 900, i.e. directly. overhead, the distance
bet ween each t er PRETYEHF thesnpng somection,campapsns AT el 1@ Preapplisdat 4y statinck

differem. thasount ReER sitellile TIM signal arrival time difference at receiver is given

ATcmecﬂ‘ = ATslamma: - ATsla.m k

Thﬁs, the farther a station in 36 is from the satellite the lesser is the timing correction.
' 25  For example, consider a case where dim= dmax = 18 km and elv = 30°. For this case
ATslantmax = 52 ps. For a station 1, the nearest to the satellite, the correction will be
ATcorrectl = ATslantmax = 52 us. For the station at the maximum distance it will be

AT yreem = 0. For any other station k between, AT g, 15 given by equation above.
For SFN coverages near the sub-satellite point, the azimuth angle to the satellite at
30 each re-radiation station 38 differs from station to station and obvious and appropriate
corrections to the above equations will have to be made, e.g. the contours of constant
propagation delay between a station and the satellite are actually circles on the surface of the

earth having their centers at the sub-satellite point and the time differences are measured.



differences in the slant range between each terrestrial re-rl&dwusici04
station location and the 25 satellite and therefore in the tinmes of TDM
signal arrival. Also, the distances between each terrestrial re-radiating
station 38 and the center of coverage 42 are different. The foll ow ng
scenari o i IW08¥¢E#%s the nagnitude of the time differencRSTEHWESAT by t he

di stance differences. For illustrative purposes, a SFN re-radiation network
36 is considered which conprises a nunber of terrestrial re-radiation
stations 38 in geographic |ocations chgsen to 30 adequately cover a city
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stations. Al r&@reaﬂttd%egMExcEmééahﬁm&Bn&s%e&ns p§i&.b satellite point is assumed
to be very nearly the sarre at all stations. Therefore, using the geonetry

shown in Fig. 8 Gi5) eraoewwﬁar!@rgmqﬁ'@wmsatnﬂmef suskaghoss thghfly iiTendmce bet ween
stationsik avglngh Interhéfifare CiRbulPORYCT) Shdih 18R R OBPLED) Jrsf?srﬁ@ces in

arrival tinmes f!romtrfe adtglllt 15 o < ATsl ant <'ATslanut X
where:  ATs|AftiFHegs pertopged aboygpr fﬁ@ﬁ‘(ﬁéﬂlwmﬂ# f‘efﬁflwuousiy haneins azigpth
cos(ely) c aadslpatich figlet <bfghlé satellit¥rlad D e ‘fa@hah&ﬂﬁtatfoh??ﬂ Wikh Rard Q6 §aedild ON
conmponent ATk to. be a station coupt  f.or the
satel lite TOMSH 6‘%‘8{’ %&"P@@T’&‘FF%%&B?’? prerese %{Tenf‘%‘&‘éta B%d gr¥en ATc k =
ATsl ani m - abdveAAsolfor such non-stationary orbits, the calculations need to be repeated at a rate that

20 maintains the LOS slant path timing error to within +\: 500 nanoseconds.

3.2 Guard Time & The Diameter of the Coverage of the SFN
The TDM-MCM signal transmitted from the various terrestrial re-radiation stations
38 of the SFN 36 comprises TDM-MCM frames 50 generated in the manner described above
25 in connection with Figs. 5 and 6. At a receiver 22 located in the intended area of coverage
40, muluple signals comprising TDM-MCM frames arrive from various re-radiation stations.
The amival times of these will overlap one another in manner flustrated Fig, 10. The spread
of the overlap depends on the satellite-to-terrestrial re-radiation station distance differences
and the re-radiation station-to-receiver distance differences, The TDM-MCM frames
30 combine in 2 constructive manner provided that their arrival time differences at a receiver 22
do not exceed the width of the guard interval AT, used to generate the TDM-MCM
waveform. If this guard interval width is AT, then the arrival time differences from the
composite of all re-radiation stations of the SFN preferably must not exceed AT, and the

distance differences preferably must not exceed cxAT, where c is the speed of light. Thus,




Thus, the farther a station in 36 is fromthe satellite thelPessmst 2004t he
timng correction. 25 For exanple, consider a case where dinF dmax = 18 km
and elv = 30. For this case ATsl antrnax = 52 .s. For a station 1, the
near est to the satellite, the correction will be ATcorrect 1 = ATsl ant max
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any other station k between, AT,k is given by equation above. For SFN
coverages near the sub-satellite point, the azinmuth angle to the satellite
at 30 each re-radiation station 38 dhjfers fromstation to station and
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: ard T “aver ade of the si gna
transmtted g%o ah ges\%:ra&gfoggferrcg;{%n A TET T aof]so% sF‘é&J&?ﬂWéw t he
SFN 36 conpfiftanses WW# tamelatior @ndythn equatient ukel. Theestapa nithe piesdwrd bed above

followed by an illustrative example.

Reviewing the nomenclature introduced previously regarding Fig. 7, each terrestrial

25  re-radiation station 38 is identified by an index “i” ranging from i =1 for the one at the

nearest LOS distance to the satellite to i = m for the one at the farthest LOS distance to the

satellite. The remaining stations in the coverage area are numbered in ascending order

between 1 and m with increasing LOS distance. The horizontal distance differences, d._,,

between the parallels passing through each station  and that through station m are then

30 determined. Observe that the. parallels are perpendicular to the LOS to the satellite at each
station. Also observe that for the example shown in Fig, 7, m corresponds to station 3.

The horizontal distance differences d,,, are converted to LOS distance differences by

multiplying by the cosine of the elevation angle, as depicted in Fig, 8, The distances D,



25 in connection with Figs. 5 and 6. At a receiver 22 |ocatd& Augustt04

i ntended area of coverage 40, nmultiple signals conprising TDM MCM franes
arrive fromvarious re-radiation stations. The arrival tines of these wll
overlap one_another in manner illustrated Fig. 10 . The spread of the
overl ap dep¥hB¥SSHR the satellite-to-terrestrial re-radi abSHBPSOPEET on

di stance differences and the re-radiation station-to-receiver distance

di fferences. The TDM MM frames 30 conbine in a constructive nmanner
provided that their arrival tinme diff.eaences at a receiver 22 do not
exceed the wdth of . the guard,interval ATO erd tom?ener e the TDWM MCM
waveform | f FRTER GHRHIPhY BHAF KB Oh C96mRres™ S RehmEARed - The PRFOTERRE

di ff erences dniggad foe each eatsiid Rrefhin@ using:e- r adi ati on stations of the SFN
preferably nust not exceed ATE, and the distance differences preferably
must not exceed cxAT O where ¢ is the speed. of. light. Thus, 19 August. 2004
WO 01/ 65749 PCTI ugmmxﬁa%*cog(a@yst he geonetry for the maxi num di aneter of
depl oynment for terrestrial re-radiation stations 38 in.a SFN 36 is as
shown in ¥Fig. 11vhemeldithe devatianapgletorths arellifeand 5 iitha spend ofighti on transmitter
38a is dianetrically opposite another 38b at a distance D .-. cxLTG Thus,
i f all terriﬁ_ter'h%l re-, r_ad;}g;tlionf stations are confined within,a region of
di amet er D =IMeRReMEeaFen 1 FHeuladriprgaghieaadition stapqn; of an SEINTRRe mEmURIENCM
frames at anys i < i nsi mbdS| i i (s f, for
exanple, OT wsé:rﬁ%g aﬁ%‘rj“‘d?i?%ﬁé@? this lgl?ac?rrgﬁe?%i S Q%TL%I' C@EEG l-fecg)erﬁ gg’& ng
descri pti on redisionationn stthanstetrined as folls@mt MCM f r ame transni ssion  from each
station 8 of the SFN 36 is adjusted to cause the arrivals of all franes
at the geonetric_center 42 of the coverage region 40 to be in essentially
perfect alignmendTi+As:-AMthe 10 tine differences in the arrival of all of
the TDMMCM franes 50 is essentially zero. For this to occur, the tine of

transm ssion fromeach terrestrial re-radiation station is conpensated for
two types oflhdiesteand amitigATels eppliedatierch areorial ammediansintstatiothigo pligasierrime afvent i on.

As stated [ : fabrst _typ ) ion is the dista

di fference E@%&gﬁa{éﬁgﬁfzgrt%aqﬁ%ﬁ %;éaaﬁﬁ?ﬁpﬁg%dz}g%‘?‘Inﬁaé%lﬁc.emﬁ@fsé‘gggﬁd type
of corr dét i eeverage. bpplicatinn bhdis|tigdngt cowertiod optmszes thatoverall 3@ rainn of & TDMVe cent er
42 of the CouaaAPLli8U- Q.40 | fof T Frame
Timng Correction %E%?éorgg%tﬁ)?'eséqé% é%lggelr#p |é§ﬁ?rflglrnp§§agﬁé§ é—dj %P%%én@\#t of the
TDM MCM f r aRgReipdes o the presentdevenean wiere diy is et horizdntal disvadi oftai soror overtege Wi | |
now be di sCeehed surbhiafnp HRGEHMIE. ki sarfifte R DL 0L Uisld rformed
at each terrestri al re-n?adi ation statron 38 6f theSSFN%ggEq%?égA.Mf&ﬁ

il lustrat es#ﬁ%‘“ﬁf@ﬁﬂﬁfﬁ‘@ﬁ%e'ﬁ?&t errestrial re-radiation stations 38 of the
SFEN 36, 20he di stances involved in the calculations and the equations used.

The steps of the proggdure are, fall d by n%‘&,l ystrative exanpl e.
Revi ewi ng t he nonencl %‘W?fﬁ&i’é’g%@g‘fﬂé&1 IAYONStAINY Fig. 7, each

terrestrial ZElv = 30°
d, = 18km D, = 15km At = 102 ps AT1=32us
d,, = 15km D, = 10km At2 = 76.6 s AT2 = 6.6 s
dy; = Okm D, =21km At3 =70 ps AT3 =0ups

The timing corrections given above compensate for the distance differences between

25 the satellite and each re-radiation station plus that between each re-radiation station and the
center of the SFN coverage. In addition, there must also be introduced at each station a delay

to compensate for the offset between the early and late signals from the satellite and the
processing delay in the TDM-MCM transmultiplexer. The total delay introduced at each
station must be such as to cause precise coincidence of the late signal from the satellite with

30  the signal delivered via each terrestrial re-radiation station. Thus, if the delay between the



25 re-radiation station 38 is identified by an index "i " rdBdiupgstf200i i =1
for the one at the nearest LOS distance to the satellite toi - mfor the
one at the farthest LOS distance to the satellite. The renmining stations
in the coverage area are nunbered in ascending order between | and mwth
i ncreasing ¥ 9@ #7€t ance. The horizontal distance differ eREEUSOEPR] bet ween
the parallels passing through each station i and that through station mare
then 30 determ ned. Cbserve that the. parallels are perpendicular to the
LOS to the satellite at each stationzsAI so observe that for the exarrple
shown in Fig. 7 cqrresponds tation 3. The, horiz di st

di ff erences @Y ’;‘“,dqq%‘i gerals ey %5 EL@“&H@??EﬁE@dS]FX?S&TQn%% thggptal ?Ytl pl yi ng
by the cosineTpkdchs@dgyati on angle, as depicted in Fig. 8. The distances
D;c 19 August 2004 WO 01/65749 PCTIUSO /06337 -24- between each station i
and the center. of coverage ¢ 42 is then rreasured The uncorrected timng
Ati ‘for each Sta&"ﬂQT |§ngtﬂarm ned using: Ad = (DK + d;,,,*cos(ely ) /s
5 where elv is the el®vati on angle to the satellite and s is the speed of
light. THe above equation is calculated for each re-radiation station.of an
SFN. The m mi ; X1 n The
corrected t| M ng &%ﬁ’k féjn?l%eac Otgce?n?izassf'émﬁth%ter?ﬂrda%lseg’tﬁ{]@’n 8?%% ohﬁ t'imtjs t hen
det er m ned aklafsméaohvs:anohareAn Ati - Ali,,,;,, The corrected timng ATi is
applied at each terrestrial re-radiation station i to align the tine of
arrival to achieve a zero off-set anong all of TDM MCM franmes at the center
of the SFN 15 coverage. AppliZ@tl =610 -df243%s<10f m npg correction optim zes the
overal |l operation of the TDM—MoM-tertrestrial-—re-fadiation SFN. A sanple
cal cul ation for the case of |§1T7—=§°|‘qu.rs‘t?é’(°es the principles of the
present invention where d,,, %]?3L@% zonmtal distance of a station n to
the farthest station along the azinmuth to the satellite, and D' is theé

di stance of the station n from the center of the coverage area. 20 Tim ng

t | 0. d1 8 knD, ,
S5 ks o bt o AP hds OBk i Rl 7 gCeged, T
6.6 s d33' &wRhodmnmEthereph it Rtﬂ@&mmm@ﬂmbe inpeation isherdimied wdetdewiishgeofen above
conpensat e fvaﬁo@h@d@teﬁaﬁ%@mﬂm@ﬁms&m&mmo@ﬁa@m.ﬁafe%k hfi&u@nd each

re-radiation station plus th bet ween each re-ra Ion station and the
substitutions are intended o be embraced within the scope of the invention as defined in the

appended clairms.




‘center of the SFN coverage. In addition, there nust also be tro? 5&,9 at
each station a delay to conpensate for the offset betvveen y and

| ate signals fromthe satellite and the processing delay in the TDWV MCM
transmul ti plexer. The total delay introduced at each station nmust be such
as to cause precise coincidence of the I-3e signal fromthe satellite with
30 the signal deliwgt.ed MidefaCh terrestrial re-radiation station. T hus ,
if the delay between the 19 August 2004 WO 01/ 65749 PCTI US01106337 - 25-
early and late sigdals fsnetead efsarchepnizingBelectechmntich of pnodiesion nupltpeked/oas
ATP, then the T ATR. - . AT' 5
For the exanpllgmgg#]rgﬁgée%ég%mg\%% sg% té)sagluh"%lagguﬁﬂﬁér%f Ef‘gbcamgﬁé) éé umls\‘f'hw‘q’10
sec, the t ot almuWddéagimyicanize matlatadoor TDM-MCM sHmbelOin2z IDMMOMETReform

=5. 0-0. 2- 6.56x1Q,, J;%rﬁeéeé% 0.2 10 Although the present invention has been
described with réference to a preferred enbodinent thereof, it wll be
under st ood t hat theecmmgmdli]ﬁM @tﬂmuteamfm:aadteﬂi& the details thereof.

Various nodificati ubstitution r t haose of o ar
skill inthe art. KT8, H§ ts)‘lsjbstuaf“*fu*z"‘ "“"“Cb & iRy e b%“der?br"g\s ted
wi thin the scopehwhizitim sequeerd mcxmdaﬁ)le{eﬂntmedeatm silchE'DNi[dﬂe@d&dx de&igmi leait9
August 2004 - teis Cla of ,synchronjzin

sel ect ed nunbérgeo |&rfaénedcompnsm% smﬁ pcff%( o‘f‘o © FRfn2 ‘il}f?ﬁ%‘?t% R O’Fﬂ\m‘}at a
streamto 1é8n ecﬂue;hcemndberpl@ihtyt € sadbaymbbis efagl Ofic @f tal MEPAEddeSindNa distributed

mul ti pl exed/ r__nodul ted or. . T in a veform
5 conpr i si ngn}#] epﬁisO% Y 1tEc%i w%ﬁseg%lal DIY%W ﬁﬁ%/ggg'{ #é‘&ﬁl“ﬂ%m

| ocat i ng one @tfreaal,naster frame preanbl e (MFP) code and a distributed

synchroni zati on se uen e in said TDM,data .,stre ald TDV, data stream
having at |east o T 4 "églﬁﬁ?lfjﬂ’ﬂ P § %r&%%ﬁ‘ ‘lfmée FEDEY I prng 2
di stributed s)ﬁmhmmbnrpatolmﬁnsmdaeepoedlﬁmnmdfﬁ»wp,l urality of said synbols,

sai d one a MFP code._.a yn hronl z t| on sequence bejng
usef ul tquocate s%ﬁnara'fﬁr\ﬁ? %@%\f”frﬁwkcggf’s@ t"’s‘:f’rsé‘ (st number using

an Inverse Fast Fourier Transform (IFFT) with said an:ay, each of said TDM-MCM symbols

having said second number of said subcarriers for respective ones of said TDM symbols in
. cotresponding said rows, said first number of said TDM-MCM symbols corresponding to a
TDM-MCM symbol frame; and 7
20 re-tadiating said symbols from said TDM data stream via a terrestrial re-radiation
" station in said TDM-MCM waveform.

2. A method as claimed in claim 1, wherein said generating step comprises the
step of filling said array by providing the eatliest arriving of TDM symbols in said TDM
25  frame into the eatliest generated one of said rows of said array, and continuing to sequentially

£ill said rows until the last of said rows is filled with the last of said TDM symbols in said
TDM frame.

3. A method as claimed in claim 1, wherein said TDM data stream comptises a
30  plurality of TDM frames, said TDM-MCM symbo! frame having essentially the same duration
s said TDM frame.

4. A method as claimed in claim 1, wherein said generating step comprises the
step of synchronizing said TDM-MCM symbols in said TDM-MCM symbol frame to within a

35  fracdon of one of said symbols in said TDM data stream.
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‘generating an array using said synbols in said TDM frane, s@i
conprising a first nunmber of colums and a second nunber Oféﬁu%{t%??ﬁ
generating TDM MCM synbol s corresponding in nunber to said first nunber
using an Inverse Fast Fourier Transform (IFFT) wth said array, each of
said TDM MCM synbol s having said second2hunber of said subcarriers for
respective ones of said TDM synbols in corresponding said rows, said first
nunber of said TDM MCM synbol s corresponding to a TDW MCM synbol frane;
and 20 re-radiating sai 4 sghdibhsSclfifedis aigh TDMhdah ahs hBHN of Isdid ADM-MCM
terrestrial re-radiati. ion .in_said TDM MCM waveform 2. A nethod as
clainmed in cl asfmrh% m\ﬁﬂgm@w&@ﬁ g?’&?isﬁﬁug‘fgéb“'ﬁ'%ri ses the step of
filling said array by providing the earliest arriving of TDM synbols in’
said TDM 23 frame into the earliest generated one of said rows of said
array, and-continufng t™¢gRdentirizeryn clam l, fasthprrompgising festep phproviding cash
sai d rows is fii MEMMAM sjdBolli@sdic AT M HEMSHRADS oSarl the&@i1dime TR MERE-
3. Anethod as clained in claim1, wherein said TDM data stream conprises a
30 plurality élfmﬁ%m?‘fda%ﬂ’ogélﬂa tor e RACRR b diidedebyhthe nngbes s et TEMMy
the same dur akyjlibls 8 seedidls L fd B4Rl Bhi e, {l§, Ll gi m 1,
wherein said g{aneraftae?ng step%aorrpri ses%ﬂ%gésgg{aggg%?@gnchr %bgp%%ogai d
TDM MCM synbol s in said TDM MCM synbol frame to within a 35 fraction of one
of said sygbols inysai %I@%éa&m@amﬂ!\ﬁ%@o@?ﬁﬁ %Qst’gtlygﬂ% 4004, 1,27
er of sa

5. Anethod as ¢clained in claim4, wherein the nu

synbols in saftd TEM-MEM sinbebirane igseid TOMMGM perréermnwittbesynctBodizatisn wetdhod as
claimed in claim1, further conprising the step of providing each said TDM
-MCM synbol in said TDMMCM frame with a guard interval, the TDM MCM

synbol ~period corr&sporftiinsgot gs daimed insdsimd. Muhdsepmgiisingtbelsttps ofhe nunber of

said TDM synbol s pebidse eddsaid alguard. v M2 han sajd
TDM MCM sy pbol perlln:gd. %0 7. A met hod agy{éip{télﬁhneﬁldi ?ﬁmcyﬁm%ﬁ apred
conpri si né t hotestab shaFOMMGMasymyoknssind cersdspiortibig) to MBksesyarbmimbfer dimded by Sai d
TD - MCM wavef ghdbadidf Raid THMGRLOAE 28t e - idfbe TR Lal vi
claim1, further corrp?li Si ng ?ﬁg%?géigﬁm%g&/%%luﬁg&ga%ﬁgé%?éﬁzﬁjdgw
synbol in sai MCMOmeNcAPstiegine with a guard 15 interval, the TDM MCM symbol

11100 11 05Pon e S SN S 8, oM N U
synbol peri odsynchronization word; and
20 compressing each said MCM-TDM symbol to compensate for the insertion of said
- guard interval and said synchronization word in each said TDM-MCM symbol frame such
that said TDM-MCM symbols having said guard interval and a time allocation corresponding
to said synchronization word for the corresponding said TDM-MCM frame occupy one
TDM frame period.
25
9. A method as claimed in claim 1, wherein said IFFT employs a number of

coefficients that is greatet than said second number of said symbols.
10. A method as claimed in claim 1, wherein said TDM data stream comprises a
30  plurality of TDM frames, said generating step further compdising the step of assigning said
symbols in respective said TDM frames in said TDM data stream to said subcarriers of said

TDM-MCM symbols in corresponding said TDM-MCM frames.

11. An apparatus for use at a terrestdal re-radiation station comprising:
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providing each said TDM MCM synbol frane in said TDM MCM Qr j a
synchroni zati on word; and 20 conpressing each said WTD\CA%%%B%?%?@)(SJ]
conpensate for the insertion of said guard interval and said

synchroni zation word in each said TDM MCM synbol frame such that said
TDM MCM synbol s having said guard intervald-and a tine allocation

corresponding to saide; 0N} iLon wor.d for. .t he correspondi sai d
TDM MCM f rame occupy [%512ME1%%9%1¥°§%&§%% %&g AR ur’rué’geﬁ%dtsig%lgﬂé\? gf‘tﬁé&eﬁrﬂ
claim1, wher eFeMmRIEING SRR, ervplobyad symrwhivenespbndigpeff sele¢tedingntienaf bitsdn said
greater than sg;tgs&gg‘,m nunber of said synbols. 10. A nethod as clainmed in
claim1, wherein said TDM data stream conprises a 30 plurality of TDM

frames, said gener at pmgsstgfvicacdanenedconyd kekingg Hhtceshe ppaiblasb@nioag osai d

synbols in ges i id. T anes i.n ,said TDM data.streamto said
sﬁbc arrier sg of Rgg%rcf&%ﬁ%?ﬁa%éﬁ@%ﬁ% 4 aéﬁ@@?géﬂﬁpﬁﬁ’gé%ﬂﬂdemem‘* F2Rhes.
i l%/E NSE DagazérE _zli_t data immuiseiz'agMalatagtrbm haslirgy at !leﬁstl’ogdilm ﬁ?m& tahpDhgGRARA tgf no:

ugus - 28- recei ving device for receiving a tine
vt sion mul ti BT DG S O AT 7P nRAT EATIIARSS 1 SGYHFOY Sf =i T conpE
synbol s corr espdfith aigietand a diseiteeddegnetusiiationbeddbdce Defe SR wdals Sid €81
and a procesm&aqnd&\r%‘(é:e.(fﬁ?&[e ted to said recelving device and operable to
| ocate one of a5 ) At SFF¥%nbl e (MFP) code and a distributed

synchroni zHt i on sequeriesadpre@isthg ke @alsRnat H2€BHnbsR itk i taka &LLEAM
having at |east one T frame conprising said one of a M-P code and a

di stributed syffahrofi YRIVEH Legtiefte2iRe 4vionr Bpitplxedf mulirariesi madulatedi o one
of a MFP codeTRMIMEM vsitefdnh e sy THMRCM bl RN SRS REIMESCAS g,fn&la; 0

| ocate said TOM . fra thin said TDM data stream 10 wherein sai

processi ng de\['}ll*\’(lI (‘:”élgtals‘g%é JPmbesatisbeisHoted BracessinafeTonraRlpHOg idenmof A MFP
respective subwde ks sistribu@e BRicRioRizAidnl sdBuedieVioS %Metsiajgls%gaé a1 BBRA | er
nodul at ed d‘I;BM MCM W%\éef orm conpri sing TDW 1 synbol s, “each of sal

TDM MCM sy itbol €% FEH YA CREFBANE ARATRY salsk subgasesers rip dpspective jseld SFROMddSMng
devi ce enpl oyisp@bslaifdiodne efadkild Raid COGLE s@hch & ki tTrHRes %X&‘E‘&EP@%ZQH on
sequence to synchropi ze, sai d g%)c ols in said TDM 15 data streamw t

corr espondi ng SREEALTE-digtign s@i®earriers in respective said TDMMOM  synbol s
prior to re-radiating said data streamin said TDM MCM wavef orm via sai d

terrestrial re-radiagti on station. 12. An apparatus as clained in claiml1l,
wherein said pr oceég'i ng aélg?aégusearmfaw%d in claim 11, wherein said processing device employs

20  an inverse fast Fourier transform (IFFT) to transform said symbols in said TDM data stream

e into respective said subcatriers.

13. An apparatus as claimed in claim 12, whetein a TDM-MCM frame comprises
a selected number of said TDM-MCM symbols, said processing device being operable to
25  generate an integer number of said TDM-MCM symbols for said TDM frame in said TDM

data stream.

14, An apparatus as claimed in clim 13, wherein said processing device is
opetable to provide each said TDM-MCM symbol frame with the same said symbols in a
30  corresponding said TDM frame.

15. An apparatus as claimed in claim 14, wherein said processing device is
operable to assign said symbols in the corresponding said TDM frame to respective carriers
of said TDM-MCM symbols in said TDM-MCM symbol frame.

35
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20 an inverse fast Fourier transform (IFFT ) to transforms@% S n‘z&éif in
said TDM data stream into respective said subcarriers. 13. A uﬁ%’ﬁ us as

claimed in claim112, wherein a TDM MCM frame conprises a sel ected nunber

of said TDM MCM synbol s, said processing device being operable to 25
generate an integer nunber of said TDM M2BFsynbols for said TDM frane in
said TDM data strgam ,14. An a rat Us as ai.med in claiml1l3, erein
sai d processing devlsa'ce 9 “PBHEYS ﬁo(g ?)dj'ﬁ'r%\'ﬂ‘gé‘ “ASEID i PYRIE Wf’g}l’ﬁ%ﬁla
frame with theeseml sabdatimnbebs thatis aperdfle @Qtders pONTDMI ARt h RV thaf@m 15.
An appar at us at%sg‘ligimrg%g %n .cl.a%i m 14, wherein said procgfsi ng_ device is
operabl e to assign ERCH QYD IR "SRCHTRS RGPS SFEFAiy L M- MDA sRuPEsng
respective carfDEFMCMbymiilyl sTDM:bEdidy ebesbdidy spdrablel BVaMGN STHRlLAs ae.
35 AMENDED .~ .Y 19. Auag‘;ﬁ.@\g?m -.29- %& An apparatus as clained in claim
15, wherein sdFRUfpa ramesip Y SR M datnstieap e 4G fuhrarriese phgida P MCM
station that ismbglenaidlespbadiieael VBMMMCH M data stream and transform to
said synbols therein into respective subcarriers to generate TDM MCM f r anes
conprising TDM MCM synbol s, said processing device being operable to
assign said synbol §7i n A v R&R s tubd/R 2 3@ etridl M £ 86PRaton c§1§'-pﬁgin DM data stream
to said subcarriers of said TDMMCM synbols in_correspondi ng said TDV MCM
frames. | T A systemhFEivendy Kecivdng atmsstivipion multiplexed gt (THMM st jtspm from 2
conpri si ng0 a skt ver for receiving a time division nultiplexed or TDM
data streamfroma 10 satellite; a transcoder connected to said receiver
for: transforning s&Felar Fapaectt e uid et for trpnsformingseift DM dasel strcatdo (alVOM)
waveform to Cheaé@ris bodBlatdl \MEM) Wablibind B GXRUA dfl| didiGAH FlufblexdD Bl or
TDM MCM signal that is robust to'terrestrial path transm ssifon nulti pat

and bl ockage RRY4des TR MG signd that iscsbushipgetrial path framsintission modipaticandld t 0
said tI’anSCOdQﬂockjngRméaﬁ@%m&k%céginq TDM MCM signal . 18. A system as
clainmed in_claim17, wherein said transmtter is configured to re- radiate
sai d TDM si gnaP UaUsSrttersppnesied foaiditenireder dordtagsraitting saih FDMEMCM signal.
approximately 2 kiloneters and 10 kil oneters where reception fromthe
satellite is blocked. 20 19. A systemas clainmed in claim 17, wherein said
transmtter is conf$gdr geremops caimedyigicain 13 avhkbraiDhdid/Bhisgiitmrds canfignred to re-
terrestrial pajdige bid @bOM- BRI sighd oRbr Rrebebeday p?tﬂgtoaéjgﬂg:e?between apptoximately 2

kilometers and 10 kilometers where reception from the satellite is blocked.

20
— 19. A system as claimed in claim 17, wherein said transmitter is confipured to re-
radiate said TDM-MCM signal over tetrestrial paths in at least one of 2 city and along a
roadway to selected distances where reception from the satellite is blocked by buildings and
trees, respectively.
25

20. A system as claimed in claim 17, wherein a plurality of said systems are located at
tespective terrestrial re-radiation stations in a single frequency network, said systems
operating substantially simultaneously using timing coordination and synchronization with
respect to-one another to achieve substantially seamless reception of said TDM-MCM signal

30 over the area associated with said single frequency network.

21. A system as claitmed in claim 20, wherein said terrestdal re-radiation stations are

geogtaphically located to setve a city and its sutrounding suburban regions.
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‘roadway to sel ected di stances where reception fromthe sat e}éite it? 8{ocked
by buildings and trees, respectively. 25 20. A systemas ¢ aﬁﬁgﬁs ﬂ | ai m
17, wherein a plurality of said systens are |ocated at respective
terrestrial re-radiation stations in a single frequency network, said
systens operating substantially sinultad®ously using tinning coordination
and synchroni zati og, Wi t respect to one another, to achi eve substantially
seanl ess recepti ong%f sai d°¢ Ri:l\ffasnlsréuﬁ%qg 235 %I tcﬁgnﬁfé‘é 3sBEi HYEHni t h

sai d singl e freguwenicationefswor kherdd an &ulg yigh# aadshelsghavet danstitad M QeastdiRY €i n
said terrestrial,res;radjatiqn stations are eographically located to serve
2 bty hng 1 i Rt Bl Rihd deSb e Ry o AN ERORS Skl Atk 904
-30 22. A net hedpingtanathsipart il Brodd@adbasie!, @aae 8lgnil RodespbibBnghoBE sdrtyy
comuni catéo_n iE%a?tem é\/ner in gn early si ?nal and a late signal are
transnitted i P dfrghe sdertsd PRY of Himearty 'spehale Ebnfrlysrigighathe
least part of cohuiiestiofeRtin &Rl adiedibBf lefterisf kdNRdhdoCMRNd &r R ARQL her
part of the brrarg@dcast. channel, the late sjgnal corresponding to the early 5

signal but deP BEPCEsBg BeEay Fotd 3o HESRE fetepitil rredssiiaton ggnaly gheo methpd
signal, the e@mgmmgemgt@goﬁystem conprising a network of terrestrial
re-radi ation stations for receiving__and processing the early signal to
transnit a terrestfsteqminiag the gspectivh differgaes in difengediesgn std sasellits japg eacheof
steps of det esdd RixBekid ReHifRReGkLYAn Hid haksRcasy I n di stance between said
satellI'ite and each of 10 said terrestrial re-radiation stations in said
network; and cor r eXierissa dertcgtriplag radagpn pigual tajcompeantedpydifferencss ofprsfat e
for differencesivilRftdd @y Qfnal Albsh¥@ibe Ses SRl BRLINA Sl AMAonanbHSPECt i ve
ones of said.terrestrial re-radiation stations. 23. A nethod as clainmed in
claim?22, wherein said network is a single frequency 15 network. 24. A
met hod as clai med 33 clRuNned as bkl DY, Wbkl $RGAIEPS Olinglefifilng at
| east one_approxi mate center of coverage anong a sel ected nunb of said
terrestri & r8Wagh ation stations; 20 deternini ng the respective

di fferences in distance between each of said selected nunber of said
terrestrial re-radiation stations and said approxi mate center of coverage;

and correcting sat¥d t ek medod pyglaimed ingliim £2.dvrther goraprising theowqpenat e f or
different tines of ehinkYAkasOneSBhibulnbitd @tk bBlovirseAMhaL ] i i
transmtted fromsaid g_el_ ezgt er.ld ghnber of said terrest ?%3‘?&&2 r agl‘kra?fisgﬁ
stations at afeﬂé%'éﬁ%’fﬂdld%@ o f f erences in distance between respective
gﬁdoggisdog% ° al d S Chebtfbihg M NREpelve SAltthel Rl P Askh blfielP Bl 400 LcleA"S
number of said terrestrial re-radiation stations and said approximate center of coverage; and

correcting said terrestrial re-radiation signal to compensate for different times of

arrival of said terrestrial re-radiation signal transmitted from said selected number of said
terrestrial re-radiation stations at a receiver due to differences in distance between respective

25  ones of said selected number of said terrestrial re-radiation stations and said approximate

center of coverage.

25 A method as claimed in claim 22, whetein said correcting step comprises the
step of compensating for the delay in converting said satellite signal to said terrestrial re-
30  radiation signal.

26. A method of transmitting a broadcast program in a time diversity
communication system wherein an ecarly signal and a late signal are transmitted via at least one
satellite, the early signal comprising at least part of the broadcast program and the late signal

35 corresponding to the eatly signal but delayed a selected period of time with respect to the
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‘center of coverage. 25. A nethod as clained in claim?22, wh%g:un §3h614
correcting step conprises the step of conpensating for the' d §'§}si
converting said satellite signal to said terrestrial re- 30 radiation
signal. 26. A method of transmtting a broadcast programin a tine

di versity conmmunication system wherein-ah-early signal and a | ate signal
are transmtte visia At L%gst uglrg%onsattel lite,.the earl é‘l sggenal .clorrpr(%hs]t% ng at
| east part of tRe broadcast program’ang (HEFPTRE SFYRHE) CR5 e e paHtioNy t o
the early sigmatiodsubor dekiaipgdnd Beleatizatle paty Gghabko tramEnit tdires@BPRGhdiiHdnt he
AMENDED SHEFTSilgalQfﬁjﬁg(;us‘#1 ({2004 -31, earl g'si gnal, the conmunication system
conprising a HELMOPKTOFoT SPHRssPe hestePaot adi'ati on stations for receiving
and processing t heddmingyit Bisg6d appeoxiniadiGeitet oPcdverhgesionk alseléed relibat 6fkRid
signal, theg nethod lcongjrai.si ng. t he st eps of g{%f' ning at | east one

appr oxi mat 8 c&RIEFEtre B0 sifions w25 seqgrap SIS of said 5
terrestrial re-radidadriiing Hal s iliffbreddes i) QRGP BEGRed Yach el &lbcted
determ ning the {)e?ﬁg’gi ve differences in distance between each of said

sel ected nunBEP°H tgrresta) pesipdiatiqn spagionsagd said appreimts gvRker ghepverpy and

appr oxi mate cent er cdfect@RValdgerestad Ge-rRRAEEL Glohfl GoS@htheh B! B8 Witkddnt tmes of
re-radi ation mggal to conpensate for different times of arrival of said

terrestrial r&VHAspdgresiBhiradiatgrssignal Bepsmitssh fam gaid splecedopnmbaniod saidf
said 10 ferr esdestidlre-faAnbi@Hitaldn® B Steadive? ASe ﬁ)tdiﬁerﬁtﬁ:@@jnvﬂtanqygettlgen@egpfaafv@nces

in distance between respective ones of said sel ected nunber of saic
terrestrial r825disadisehcted avpbsiofsad temmstizhpprdiziorattasions agd id epprerdmateage.
- 27. A net hod a&lt&baj:dq;eggg_n claim 26, wherein said correcting step conprises
the 15 step of conpensating for the delay in converting said satellite
signal to said terrestrial re- radiation signal. 28. A nethod of providing

a broadcast program.to £ gfe@iodal SlamRATN Lisikd s, WhEeRl:GRSoREctn ;?tg%r; ,@m@ ad
satel li teégl gnal s which are transmtted using one of only %I i'versity or

time and $pac#eripsrmpangrtng dorithe felay in eenvertige arid seelitorsicotlrng saidi terrtsmishere ast
pr ogr am when m@ﬁ&{’@%ﬂaﬂ kel i hood conbi ned; receiving a terrestrial

re-radi ati on signal conprising said broadcast programand transmtted from
a terrestrial re-radiation station; 25 determ ning which of said naxi num

i kel i hood conbi neg, Satgleinb@ of h@9alngaiboaaaisd r§ Sdckib sdsigiatd
signal has the_ best si gnale qugl Fty; gel ect r?gprg?tgﬁetr of %Lalc(%ﬁprlr{é%grtrlu?erﬁm%g
li kel i hood cofthi ned satellite si gnal or said terrestrial

20 receiving satellite signals which are transmitted using one of only time diversity or
time and space diversity, said satellite signals comprsing said broadcast progtam when
maxirmum iikelihooa combined; _

receiving a terrestrial re-radmtion signal compunsing sai& broadcast program and
transmitted from a terresttial re-radiation station;

25 determining which of said maximum likelhood combined satellite signal and said
terrestrial re-radiation signal has the best signal quality;

selecting either of said maximum likelihood combined satellite signal or said terrestrial

re-radiation signal having the best output signal quality; and
suppressing switching from said selected signal to the other one of said maximum
30  likelihood combined satellite signal and said terrestrial re-radiation signal unless a selected

condition is satisfied.

29. A method as claimed in claim 28, wherein said selected signal quality
condition corresponds to a selected threshold for the bit error rate for reception of the

35  terrestrial re-radiation signal.
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re-radiation signal having the best output signal quality; aphupMP0esSi ng
switching fromsaid sel ected signal to the other one of said maximm

| i kel i hood conbined satellite signal and said terrestrial re-radiation
signal unless a selected condition is.satisfied. 29. A nethod as clai med
in claim28, wherein said selected sigrial quality condition corresponds to
a selected threshold for the bit error rate for reception of the 35
terrestrial re- r@di athmt‘r@ﬁgndﬁmedWENDE@ SiErerh sdi@sekngdsﬁresﬂaﬁtfor-b&}rraﬂ A
met hod as Cla%' eater When c[r%elzregs’tnmerg(ﬁaUOnssalz&i sselece dxg QI’ eshal qjkf I‘ cPIt
error ratels%reate when said terrestrial re-radl ation e gna

sel ect ed anchnsaied savelie srgmd ks |smkqshdddm vhemiFidaakigerh dikdlihd e @ntymadl sateﬁlte
suppressed th%flsm t@dan%' pa N re_ra 510 | ho gs§°”t3§e9ed satellite signal is
sel ected andFsal d terres re-ra gpr?afi I's suppressed. 31. A

met hod as clained in clai m 28 wher e| n sal d maxi mum | i kel i hood conbi ned
satellite signal,and ternestrial. re-radi.ati. nS| onot b | ement
time diversity or ti rr% eglr? ass%%ge({]& J\71émr%i t@“‘%é“‘ %H%Jée OOdCI°a| rrerEg

cl aim 28, whetlei yigrgladnd stié cetestiisl ge-stieporf axgnalrcbacmn\nnpignsmmdme dbats@f bi frge S
signals furt ses the step of delaying said satellite signals to
conpensat e q‘ngr%mcg%r%@l&l ncurred at said terrestrial re-radiation station by
generating said terrestrial re-radiation signal fromsaid satellite

S gnal 33. A m%ZhOd R‘ eﬁqo asrr? ecpm%ll ig 3gérems reeceE] Sa]ced fosrat}:cgl bl te S| gnal
is atime division nultl pl exed "SI gna 'S converted to sal ﬁmtgerrestrl al
re-radi at i omntellitegrsiginalel Sirthey ctompasedﬂmmsep@lﬁ delxyunlgtsm@hzeeﬂumggmisltd; b@mehsaerfor

nodul ati on. h lal in claim 33 n_sai

i ncurred at de:l;g mcf&? Eegraétess rtlgtglStcrl rate'mr SHPAETER TP ?ro‘}r,ll\gcor rteer’ées%?licfe'mﬁmggn
processi ng sghldresmdae]shtellie sighiagnal to convert said satellite signal from
said time division multiplexed signal to a tinme division nmultiplexed
[multicarrier nodul ated waveformat said terrestrial re-radiation station.
35. A nethod as & ai rr@dle'thnd@d daimedi8 claywhi; whﬂeisa@iictisaseaiteesﬁgnﬂtisea @ghgdididion s a
time divisi - d. t | me,.division

mul ti pl exi nlgﬁn]:ﬁlFQté r:i%)é(l?s Coll @05%99\7\4/5%3 oer'rr% at%‘)% ggagu?megrdﬁas A
re-radiati ontﬂglblgﬂhml/mulscalrlgfrmoridawnw sion nultiplexing/ multicarrier

nmodul ation to generate said terrestrial re-radiation signal, and a nobile
recei ver receives and recovers both said tine division nultiplexed signal
and said tinme di¥si ofhmetholl & fHimsd inglmud, ivbeein isaéd delam'mtuniraltaeehid/\ravstr@l m 36.
A method as e%ﬂum?ﬂaéoﬂ %&F&Qd@?a I‘A@%r Is&d%ﬁ%ﬂﬂe lclt)ltweertss 90305, aLs
transmtted via a satelll eus”ﬁ irst frequency said t erres%nrlal
re-radi at i ofomsi gidaHmp edivigont rnaﬂi@imtd elgnalrita a time dmsmn multtplexed/mulmarner

modulated waveform at said terrestrial re-radiation station.

35. A method as claimed in claim 28, wherein said satellite signal is a time division
multiplexed signal and is converted to a time division multiplexing/multicartier modulated
waveform at said terrestrial re-radiation signal using time division multiplexing/multicartier
modulation to generate said terrestrial re-radiation signal, and a mobile receiver receives and
recovers both said tme division multiplexed signal and said time division

multiplexing/multicarrier modulated waveform.

36. A method as claimed in claim 28, wherein said satellite signals are transmitted
via a satellite using a first frequency, said terrestrial re-radiation signal being transmitted via
a second frequency by at least one terrestrial re-radiation station, said receiving step for said

satellite signals and said receiving step for said terrestrial te-radiation signal being



a second frequency by at |east one terrestrial re-radiationigtialgigr2008ai d
receiving step for said satellite signals and said receiving step for said
terrestrial re-radiation signal being 19 August 2004 -33 perforned by a
first radio frequency receiver sectioq3?@d a second radi o frequency
receiver section, respectively, on at Teast one of said receivers. 37. A
nmethod as clainmed in claim?28, wherein said satellite signals are

t ransmi t t edperfoirBedabyf d fisst radiatrebuentyeretiien §hctiod dddsit sefdod GhBs Equesdi reees@t el | i t e
signals are transmtted via a second,, satellite using a second frequency,
sai d t errestFioq: “PRECIE 'r%ﬁ?té)‘?‘i‘“sqnﬁﬁg?mot@f%"@“t ransmtted via a third
frequency by at |l east one terrestrial re-radiation station, said receiving -
step for said satellite signals pbeipng perforned by a first receiver
section and a setond QFQPGé?d?@€BP6Qm1gﬁgﬁﬁFPﬁ@d%Wﬂg%?%m¥ﬁﬁéﬁnﬁwgahency
and sai d se@pndist cRIUENGYy 2 HBS hofebad sagile Sigdall @ ERsMHitRE viaSt 8RoAPr sai d
terrestrial re-radiation %ignal ei ng pe;L%rned_by_a third receiver section
operating atedi§ B Fernd iEgheiTt e ferss rirbisspdiggioa signal dsing tRRsEEdrae 38, A
net hod of pPhBY ifdhRGcAbPLOIBAE 36 OB aYAdRHER SRIML kSd GQBPHE SieP Jot B St eps

of receiving ﬁ s%;%%Iite signal conprising said broadcast program. said
satel lite sTGHLE sienglsibsige parunet i % Bt 555 SEHIGR 0B RoERUWSTECHAL 54T eam
CONpri Si N @RraBa¢ htysaid TR TRuenEPEHOSIA0RENNA FrehGend irél p RO GAS baid kLG and a
| at e channel hg¥é£%7at | e stangortlon of said broadcast programthat is
del ayed by P& edfelropata geragition fgnahdegs eriPaprsnbs & B tfeEofection g d
early channglerafichtsad thitl FHeQueahiasinelead6dohi@y kidgivas. synchroni zat i on code,

sai d broadcast data stream havi ng been encoded by a parent convol utional
coder operating at a selected code rate; delaying said early channel by
sai d sel ected pess 0d Qnethod®f praAding® Bidhdthdd ProgAitto @kifers fiPHghg W tipsai d
early channel in a naxinun1liielihood Viterbi decoder operating at said
code rate t0 recover said broadcast programsignal free of any interrupts
due to uncorr el atathity Oedagesighd) cbRERPtd QN Bha&adt br&Rdrh YsadNARNE si said

| ate channel. 39. A .nethod aghclaigedg% clain1331 wherein au% %?gadcast
data strea e“@o?ﬁ?ﬁc?é‘éedb Pbddiaet bﬁ?ﬂ&@%sam@mr B Ao SPPRESEC 8Dt 5eBh Gatpel
broadcast plofigspaiiting 1@rsaid bl @8t Pidbrant, AEE P lakeOdhan®BhAioB A ledst & PaBLLE GRNPr i si ng
only said hroadcast pro rang fog nobi | e recq£%éon.‘%0. A et hod, as cl ai med
0 &1 ai m 38R REIEUMATT SrHTES Pheselictd PERoT Wi, belgre sMnTRrRBLbrol

re-r ﬁji ati Chﬁid&hllggndﬂamﬁeﬂ odl Ridilge uexcilﬁliliea&hdmaemgady@himaﬁaxﬁ&dde,maida%wdaass econfl
satellite sjgna onprisin i roadcasi .program and providing spatia

i versi ty BHCrEBREE b oS bt BT Ear oL GHLTCICoRPH et £ ST apac
re-radi ati ostesi gnal and said second satellite signal each conprising at 19
August 2004 delaying said early channel by said selected petiod of time; and

combining said late channel with said eatly channel in a maximum likelihood Viterbi
decoder operating at said code rate to recover sald broadcast program signal free of any
interrupts due to uncorrelated blockages in reception of said early channel and said late

channel.

39, A method as claitmed in claim 38, whetein said broadcast data stream
comprises broadcast programs for mobile reception and broadcast programs for stationary

reception, said early channel comprising only said broadcast programs for mobile reception.

40. A method as claimed in claim 38, further comprising the step of receiving a
terrestrial re-radiation signal from a terrestrial re-radiation station, and a second satellite signal
comptising said broadcast program and providing spatial diversity with respect to said satellite

signal, said terrestrial re-radiation signal and said second satellite signal each comprising at



WO 01/ 65749 PCT/ USOL/ 06337 -34- |east a portion of said broadeashstppogr am
and sai d synchroni zati on code, and wherein said conbining step conprises
that steps of: aligning said satellite signal, said second satellite signal
and said terrestrial re-radiation signal using said synchronization code;
and 5 combiKPAYSSHY generate an output using at |east oneP@HUWM@3Latellite
signal, said second satellite signal and said terrestrial re-radiation
signal. 41. A nethod as clainmed in claimd40, wherein said early channel and
said |ate channel are assigned only _t39, respectively, said satellite
signal and said second_satelljte signal. 10 42. A nethod as, clainmed in

cl ai m 40, fﬁ‘%épme%ﬁﬁ@'ﬁ 2 %P‘?B‘g‘ﬁ P 1 SBCRFPRIUgN cadee B REIERFH] t o

si gnal conprdogibinhgSep dotpriaadbaskpspfogr am and provi ding spatial diversity
with respect to said satellite signal, ;wherei.n said satell.iite signal and
oai  second sat oriE suf el e S Eiced PR Pl R ickure Srfien.
posi ti ons i rsignalgsiossaiicincbroizgioaktdef andl5 43.° A nethod as clainmed in claim
40, further conprjsi he step of receivi,ng a. secondes.satellite signal
corpr 151 1 sar o 5P BAe Enae B Beak iR KRG R LR bt WSl
respect to satiellftesignahid seid tsiegna re-radéeneigmlsai d satellite signal and said
second satellite signal are transmtted fromthree or four different

el liptical orbits inclined by approximately 63 relative 20 the earth's
equator with a péki odA otethodas shaued dm claigng0, whareinssaidesatlo dhaped! fand miidhipreat a
transm (L er b aPafiicd Gl BRI i Lk IR0 denal £ SRY §c9<5hdl§¥tel§t.e¥%ﬁa?.r bi
convol ution decoder at a recelver conprising the steps of: using a parent
convol uti%n coder to code a broadcast program at a selected coding 25 rate
and generate pargnt OAlRiNod Bi Hismad indcldith A0 Sficher SbAbiRR thORALsAkéeithgdl sai d
transmt station te%) hi gher rate _ggnvgl ution coded streans 3%/' Jpuncturing
sai d parent Se9B®Ftlfit panel gmpesag said bradsast reoarm and prayiding spaiiah BV erFF M Eoded
bits and a. repeotdsakiahelife sighdloiheredtsallaahelirebighs andfafd @0dndGatiBiediphllngt set of
punct ured coqded .bi tfs t(gffan ug}d{gll ayed earlé channel ; . 30 assigning said
second set PURCHTIEG T TR SEP B ROSHINS Th2 §ERVECEHOMAIPT del aying said | ate
channel 1& sel ected period of tinme with respect to said early channel; and
transmtting saigh ear hannel. and sai d.l.at,e channel ., sai d sel ected period
of time allowi n‘gj' sai‘a(l;l%le%?eassﬁ amﬁ%ffmtc'f’r%go’uffﬁ@gf FRTRIEE R Y YEESETE 4 o sai d
early si gnabecard sateluiyigne compringenid bSaduag psagrD0Sd pr@ididg]HarialidivdPaF wit01 106337

respect to said sarellite signal, wherein said satellite signal and said second satellite signal are

transmitted from three or four different elliptical orbits inclined by approximately 63° relative
20  the earth’s equator with a period of one sidereal day.

44. A method performing at a transmitter to prepare for maximum likelihood
reception by a Viterbi convolution decoder at 2 receiver comprising the steps of:
using a parent convolution coder to code a broadcast program at a selected coding
25  rate and generate parent output bits at a transmit station;
generating at said transmit station two higher rate convolution coded streams by
puncturing said parent coded output bits to obtain a first set of punctured coded bits and a
second set of punctured coded bits; _
assigning said first set of punctured coded bits to an undelayed early channel;
30 assigning said second set of punctured coded bits to a late channel;
delaying said late channel a selected period of time with respect to said early channel;
and
transmutting said early channel and said late channel, said selected period of time

allowing said late signal to be uncorrelated with respect to said early signal at a mobile receiver



-35- when services bl ockages occur due to physical obstructijongdhgtagesn
said nobile receiver and said transmtter inpairing reception at said
nobil e receiver. 45. A nmethod as clained in claim44, wherein said coding
rate is R=_1/3. 5 46. A nethod as clained in claim45, wherein said higher
rate convol YPPE¥®oded streams are generated at a rate PEBPSINGIT A nethod
as clainmed in claim46, wherein said generating step conprises the 10
steps of using 8 of every 18 bits for said first broadcast channel's coded
bits, and another 8 of said 18 bits fo#5said conplinentary set to

[ c : il eeni Said Mo e | ai med
constitute aiesamd e@ua_aage@&mpmgﬁggiggléa;gg%%&&g bétwe 48aid Mol BAGeAshC! al e

in claim44, wherein said early, ) sal ate channel are conbi ned
at a recei verdf BASESTnmMpaEngweegtion % s meble pice¥iram free of interrupts 15
fromuncorrel ated said servi-ce bl ockages. 49. A nethod as clainmed in ctaim
48, wherein-said rly.chanpel . anq,sai.d late . channgl s each conprise at

| east one synchrofff zatt ¥ %cg‘ﬁél‘“"&’ & 4R i eré’&ﬁﬁﬁ?F%di“’rSdatfﬁ@%ﬂP s of: 20
del ayi ng Bhe received-said early channel by said selected period of tineg;
correlating said nchronizati on gode .in_each.of.the received said early
channel and said atg@ﬁéﬁdiaélcgm?egf‘?ﬁ?”ﬁgﬁt f%?ﬁ&ﬁﬁ@ﬁifa&ﬁ@?‘w t‘ﬂ'éF%fing sai d
ear | y channebtraaims bre ggepedt 4 aeRa/4.ecei ved said |ate channel to within a
fraction of the width of one of a synbol and a bit in said 25 broadcast
program by causing the correlation spikes resulting fromsaid correlating
step to coi nci de¥. and methedaswlamedén climod, el suidggndriting siep compriseediei ved

said earky c ] i : : I 1.Si_gn t er bi
decoder to gge}%g?g% Selﬂga%lé_‘fg uﬁ)ggt gl%?‘gr?gﬁ H%”?ﬁ%dﬁ ﬁh%r(%?{ éeofiglﬁg“!é’ NS EF %/gl]%rg Qut ages
due to said {#8ibkafor sudeomplimprians set BroRgituiga sepandbrbadestchainelsdoded bits.ai m 49,
wherein said soft decision Viterbi decoder operates at said selected
coding rate of said parent convolution coder. 51. A nmethod as clainmed in

cl ai m 49, wher ei f8sai & wehedasedpipesiainripit 4hevhesciReid guly ch@nel and said late

channel are combined at a receiver to reproduce said broadcast program free of interrupts

15 from uncorrelated said service blockages.

49. A method as claimed in claim 48, wherein said early channel and said late

channels each comprise at least one synchronization code, and further comprising the steps

of:
20 delaying the received said early channel by said selected period of time;
correlating said synchronization code in each of the received said early channel and
said late channel;

refining the alignment of the delayed said early channel with respect to the received

said late channel to within a fraction of the width of one of a symbol and a bit in said

25 broadcast program by causing the correlation spikes resulting from said correlating step to
coincide; and

maximum likelihood combining bits in the received said early channel with said late

channel in a soft decision Viterbi decoder to generate an output signal without uncorrelated

service outages due to said physical obstructions.

30
50. A method as claimed in claim 49, wherein said soft decision Viterbi decoder
operates at said selected coding rate of said parent convolution coder.
51. A method as claimed in claim 49, wherein said selected coding rate is R=1/3.
- 35 . ‘ . .





