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i nprovi ng hand-of f between terrestrial and satellite signals at a receiver.
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when converting a satellite LOS TDMstreaminto a nulticarrier nodul ated
stream for transporting the satSIELLETE BROMNDNGAKISYSAEMto a multicarrier
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10
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




The invention relates to a nmethod and apparatus for recepti and
synchroni zation in a direct digital satellite broadcast syigmﬂglzﬂa4
| i ne-of -sight (LOS) satellite-only reception, or LOS reception with
terrestrial re-radiation. 15 Background of the Invention: Receivers in
exi sting syX@8H&™¥hi ch provide terrestrial and/or satel | PEBUSiIGEBAl audio
radi o service (OARS) have been radically affected by bl ockage, shadow ng
and nmultipath effects which create severe degradations in-signal quality,
such as signal fading and inter 20 synpol interference (1SlI) due to
mul ti path. These effects on broadcast ‘channels to receivers can be
sensitive t crdagwal highelevatlorfs wéhena blockage qfdine bicaigha {LIGH) signalsdrour dallitee B\rhdsonnent
or geographi .18 August 2004 WO 01/65749 PCT/ US01/06337 -2- areas with high
el evati ons ere bl ockage of line of sight (LOS) signals fromsatellites is
nost . preval ent . SBngnklpc %@g@c%ag@t@blatanéambdblrecw pasbpqear dex & physicatan
occur due t QuRRKBbEAbetwiASE irdhhdifhdd Sl GhVe&iver. t MBI bdeRlers2RG LllfipleSCei Ver .
Mobi | e receivers, for exanple, 5 encounter physical obstructions mhen t hey
pass thr GugenequAiseplysisal abstaiptions v they pass thaepigh dunnels eetsavehaser buildinge ot i ne of
si ght (LOS) 1284 fbd 1h{p@deslhr9rlﬁlsxgﬁf3§,@%t) 'sﬂahte%?grnw ﬁ@epgb’ﬂ a8 %icE AMagdl 4 108 CUT
when cancel | ati ons caused Si reflections are sufficiently
high with REsaden F@fsﬁlhéomvaeéay mugmaqh sxgmeﬁdaﬂqcaﬁ@waméﬁqwrwtbahe@tm a
satellite (h@p@ta}a{i,gggmg@g, a€d to as the sub-satellite point) 10
I nherently have the hi %ﬂ 'YbLOS el evati on angl es, while locations that

et

depart from the befgtons engath @sanellicy fhsesinafuer|rofemesie atide sehasichity node)

el evati ap andeRadeng dﬁ%@@ﬂlmﬁle{ ol Gheas Sk lodatibRl th Q!af‘mqfn#? ge and
shadow ng. OJC o%}? : qel;;tg' S thatwglre ngar t.h eosaugﬁsta?e Ite p(ll)}%gtﬁg

typical ly eff" e\PP’PE U Bcreatns e’ elevaspn pegles andh pscordingly, iseeasifienr
terrestrial likehécitifdldciesge a:Q{f shitiel@Bt Otdodr 16daA6rsQBhe h:@%ea‘i'ﬂ&'%ﬂi) §atél§e poipd mal .

When t he LOS el vatlon o] satel i 5 be an about 85
degr ees, 3133“15 liegﬁ“ §15’Eﬂeli"8’i“n u%ghed}é’ﬁf %@F%fm é‘l'é‘ {#9ns
(i.e., on tbépcﬂérdﬂlly kel OB tigriak is ARAIEWhé @ LOS eRRMion Eeguertsﬁerda@hne

for mobiiPe piitgs HaBaapiols dime dox POPEDPE TIatiiges ph et vher o
t he hei ght selgfatitml(ld,l mglfhe ordegebltogeterd) beotyadsrsignificans TaﬂretnahelradiaiumelfM | ow
(i.e., ont WSE nQh dlt%s %\t}%nﬂs%{gtonectogrra e'for rnglﬁx{< rgjﬁ e%so’f% t SI%I i cant

until the 2B7di stance fromthe 8 e ot #d causi ng
the LOS el epertablsnrading| dn tareas pberonkee hogher of huaillings od ggrlegial ofsoncidnsi@nces of
6300 km 1 1 ORRdilily BWRLSHntht bl $13k0lnan b8 Greced, ﬁ@g@ pserﬁreqlggﬁ&ﬁé by B! ow 25

and the neegfor terrestria re-radiation o e Si
stance from the sub-satellite point exceeds 1400 km, causing the LOS eievauon 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 Invention:
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



i ncreases significantly. Thus, at the md and high |atitude %ati 2@6
within the coverages of one or nore 25 broadcast satellites] $&¥4i al
re-radiation is needed to achieve suitable radio reception. For successful
i npl enentation of the reception by a nobile radio of direct LOCS satellite
signals and their conbination with the  sane signals terrestrially

re-radi ated, near relative synchronization and conbination of the

satel lite diddepice dv&sis dgnals, Smtl’dré-li’adiakbﬁ&ﬁreﬁiﬁﬂehie&dy gptals, whitteart gneRetad al
network i s ne at the r e.site. nea nchrani zatj on anong t he
30 signals %gs"gt Ogdéets ferc% és{)g&?llrﬁcﬁgﬁaé%eetgrﬁsf“&f%&?’é Fnsetiated sttied at

t he recei vegsuddesgave Hitd ﬂiﬁ’h:c{g‘fontdﬁ&lekhyﬁﬁ]hts@ﬂJUIEEhBy adhepvidis ARS ifelc A0S satellite

di sadvant ages are ove comadlan rrber of ad ant ag'f“zl are gﬂrgfal |?z1eddb

combi ni ng sarePi MPe 2 R KW?’I &ﬁn\Pérfgﬁe{Vf} 2 TGPesERt BrPTHE - di rect
LOS tinme lgsw.gtbf&he Iﬂtﬁﬁély-d&aﬁﬂdat&mﬁdﬁe(ﬁ L@Grs%hilyo Eie g6 stellite Atdricktridl iveRily at ed
terrestrial nals rated a

sateltite dieion dostis iy o eble EdvE Seeotds abet pree SR el Ohg
reradi at ed dgnhala aregpsremndt wAitetht RiOaddhe suegidingGhbdiiewitdd yrrasnth id r‘édl&btbur bs.
By doi ng thls the direct LOS satellite tine or, tine and acewjg%versmy
signal s can™$e" P& 8% Efe TP Ry PR+ OIS  REEErD i ™% WP%fd? Yhal of
the proper | §isrdgingyted caniteityl oft ecegiide To ahﬁiSzeSdsg:ﬂ@Iﬂy tperf@t e@dtiduity, the arrival

satelllte/terre reception. B i ans, nobj | e
recei ver caf tr¥ %F Satﬁgtﬁrdgrﬁ%f h\ﬂﬁé)féigg‘%ﬁgfagi g %? Eagmf_ erres %WEJ
preval ent, synchrmieheomtmwl(amdhsisdo&dﬁurroundi ng suburbs where terrestrl al
re-radi ated si

st make tran5|t| ep the

Fwo Cypos of ar caderarPRETE th B BEbEl lRirn RS B REbLBERORor To
achi eve essgndhiraiiding ;peledi@ictumbendfitimaidivisiontngriphiéd aaDM byjnitts i0f T'Dh/edzﬁzat eI lite
direct line_ of SI ht nal s th iated,terrestr.ial nal s are
synchr oni 268 %Pheiqual%ﬁm:tﬁerl ??%5058% eml%d BB AR R P e gcﬁ’éﬂf‘i of the
present i nvendulem, ot MBMMCM pylﬁ:dl ded EDNEMOD watcforsy aedpriaing Zhenged sfel ect ed
nunber of tIITE d|v1 ed or nbols naT treamto
an equal nuifber: dstg&sé%csmgme%? statﬁultf?'\{lﬁ%a\ﬂl% %mSterDMme brluntie
mul tipl exed@\m’ﬂ) t:octeaahd h @listribned synaliresizanibn JdMnCM ﬁlyllm« duia sa,ea}EDMid\/vaavef orm
conpri sing e steps._.of i said TDM.dat a. trea a, satellite;
ocat | ng oniophSielE x Y MR RN BlhaRR: MRt g
synchroni zacﬂlstmlwrsiegmﬁrmatiom sscpjeﬁl:e'ﬁﬁli/h ghtality S Baﬂthtﬁnbﬁh,l sﬁﬁd‘BD&/bf OdBER stld eam
havi ng at Sty ) r| S ne of. cod and a
di stri but edangync r Btr?l fyéc?ré’rﬁlz s(e)n ﬁeélnmce é&% useaﬂ“ﬂc’? Fieeyd g'PM:g“ﬁe 5%, said
one of a MFFDBodea stecaal; geneliagigr ith@dJS&gﬁﬂhrSﬁﬂlbdﬁim eid TeNUantE shléla&gy usef ul
to locate sai d .TDM said, TDM data stream gener array
usi ng said Symbols Iﬁiﬁ?%ué?b t ?%QF‘J{““ apd & gegond! iy 5’&/0{:8‘6’5 i ?%@WF nunber
of col ums gmbola eecpodinguitbenmint twowel; fige nembdri wing TIVEMeENE Fast Fourder

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.



synbol s corresponding in nunber to said first nunber using | nver Fast
Fourier Transform (IFFT) wth said array, each of said TDIV?Q/W%?@@@?S .
having said second nunber of said subcarriers for respective ones of said
TDM synbol s in corresponding said rows, said first nunber of said TDM MCM
synbol s corresponding to a TDM MCM syrﬂ)‘%T frame; and re-radiating said
symbol s fromsaid TDM data streamvia a terrestrial re-radiation station
in said TDM MCM $iguB ekt (ORI @& reGRVALASSEIHBMayaR BRlddiad c&%mg{tpur)s of
terrestrial re-radiation stations. Signals emtted fromeach of a nunber
of terrest ricadelrpingrasatingontegesaial denrsl pung beatdlse sigenl a2 tasestid rpeadizdiore f or

di fferencesgifd,di stance between respective ones of the terrestrial .
re-radiation stations and the approximate center of coverage. Satellite

si gnal s re-radi abyetbolsiomine disisioe sultipgkedshatstream arayings accresmaltre_ghdiaoclmf
conpensat e I DFSSh dnlikdef J - rl rom
the satell i%ﬁ%@gt&?fgéﬂétl ve %ﬁlgéallo E}toﬁiéht%{i é}}rn?%’isstu?% iﬂmr%g-g%ara%lda #%K%E‘% ations.
19 August 2d&@sgon gulgplgrrdlvevemintt ed from a terrestrial re-radiation station
may be correct edal g4 YRR aRERLEacl Ahuck Rk bvd:lle IGHUAHIA IubSL LOFLLLA
signal using a satellite signal at a terrestrial re-radrati station.
Synmbol s i n awntheme! @iid jtesiesrial mairadiapbe xetiord ahat msayr agrognphivalln gepatated. The
terrestrial = et d on ; ' L ' jcarrier

ol at od- S5 EaT S A hon it b bl b PRI bl U BB 1 e
wavef orm Aadiptmstatiopseangd s apriorriatate qsatat @frcomﬁragsmrbagaemagcdb'&mtﬁfrcsned a[)mng
a selected i r i -fadl at tho t.hat y be
geogr aphi ca #31 n@%{)tgrg[g%} ggé) T eg th r%%%%éengitt? \F/og %f%?%ng%}ggggé%ﬁd (??gkfeatﬁ%cest%gt ween
each of t hesignal teasmittesh fnrtpethe oflected enutrbey efsthe feaestriab-re-radidficant §toiens ttat sons  and

t _he appr oxi IRk, gﬁ%%ffe?éncé\sgxy&igt%g:g bmerpr%:gaggkgggés Q)?gde sgipc%dtn%b%s fthé ! .
signal may then be corrected to conpensat or different times of arrival
of the ter regestizhteradijtign stptians anrsiire epreekichrtomntdhef setregst ed nunber of the
t _er restri al re- rﬁldd.c@t;rhglia@ %ﬁtﬁtahglﬂ& %E)CC o‘flﬁﬁrpresgr%r Hl?’(ir[]la 11 %&? ESO%rg%’i‘[iécﬁgnences. In
di stance between respective ones of the sel'ected nunbér of the terrestrial
re-radi at | APPaRES ifemyseatide téresstagpreasdiatan etation teempofing o veraye. degme decor dance
Wi th anot NefcdSeCl inkih rRIBREDL o YA Uheart DS SIS RLOY B0l oRiq

appar at us f(g? use at aw%igrr?r esn?r ?a et ar%%aat fonpog%pgjts%%ﬁ}%orﬁb% siong a

recei ving dembele cpisespondingelov selgciad nbmberdif\bits iim Fherdatat dtyskrexand 20prot@ivbgiat a
Stream cOnpid,L @&é&é@&?% $aid ?ﬁgﬁagfdeﬁ&' &da%%ﬁgﬁgé 1681 §3PHALNG ! Bacfle

sel ect ed nunber of bi ta stre a processing evl ce

its in
connect ed tRycxRl(MEER epdd ang adlistriwted syt hespiantinn] sequencel in ead E€Ddhdatotreamyrast er

frame  preaghleoiVeR)sucfd Ravilide Radiofil THREEG. SYRGRLQME 3R 0N, SRaUsAce i n
said TDM data stream
and a distributed synchronization sequence and a plurality of said bits, said one of a MFP

code and a distributed synchronization sequence being useful to locate said TDM frame
within said TDM data stream; wherein said processing device transforms said symbols in said
- TDM data stream into respective subcarters to generate a time division
multiplexed/multicarrier modulated or TDM-MCM waveform comprising TDM-MCM
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-



said TDM data stream having at | east one TDM frane conpri si !? salq 8‘2 of a
MFP code and a distributed synchroni zati on sequence and a E 9@ f
said bits, said one of a MFP code and a distributed synchroni zati on
sequence being useful to |ocate said TDMfranme w thin said TDM dat a

stream wherein said processing device *ransforms said synbols in said TDM
data streaminto respective subcarriers to generate a tine division

mul ti pl exediaditidgi Qar gdee Erand i aaﬁcEdm.lI MU ddeblo i Wi mmee@mirs&d?ﬂgua}DM MCM
synbol s, each. of..sai d TDV.M_M s h VI unmber

subcarri er s%aqjsal’%he PErSEE gf’mels é)\r}]lec ﬁrr(% g aﬁ?hg%ﬁlgh}g‘fmnémﬁlg “¥bde and a
di st ri but edlsypobesong zfallqeonay sep,iqjedmeTlDM symthr@m psmsbla,dmsambmhws:lyl n said
TDM data stge [ ective
sai d TOW M;M‘E‘g‘néﬂ%%t%?{t%d?&?%}ﬁ‘?eeﬁ15WAUQS%{I16 T R AR
stream i n sHicyD PN EMERPoRirgcoeTRivikeasias dn teneptys pritishropranedyltiedsyebels st at i on.
The processi ng dpVik&diRe %Qﬂﬁeanbfh@?% &f(ﬁrtﬁggrets&t %?veﬁilo-ﬁum&@isl\ﬁg%ded a
transmul ti pl exer. The processin deV| ce may enploy the TDM master frame
preanbl e, ovstantier wan y Erpstanl remiigine dasien canBESghY fsev e e regdvingentitt e TDM

frame, to synahi aRidpRxtds: B¥IOA:S s&eamtéa&nqasta@mtesa rtéas%a& tcbmfe%& %‘é@a@é‘d' ng
ones of subcarriers’in respective nulticarrier nmodul at ed %&(Po S.

accor dance Vs dpfotrpnsforaigssaid 'BPM Hua siresse itte ianlieardny medndates MCM} ovi ded

a system fQfvefaf idibrefle § BhE B%kibh BluldpRs A HhAcARD rfidilateQdy SRNRMCM Bghaf
receiver for receiving a tine divi 5| on nmultiplexed or TDM data stream from

a satel | it ethataist fodwatc &y eptressian dethe Harsaiissign gmuliipatlej apdr blpekage vagwsesorrd ng sai d

TDM dat a Sth@achddl; und dMHabhGRf EbBbclPRULAL 8ths{MMor RMGEAE Mk OEVeat e a
time division multiplexed/multicarrier nodul ated or TDWM signal that is

robust to tMEMesdgneh al path transmission nultipath and bl ockage vagaries and

interferences; adaBodifRP St dnBhef PR Irae tp&séﬁlu%gmn%@éiﬁr rbRfied 2
transmtting said TDM MCM signal. In accordance with anot her aspect of the

present i nvepEPHR! teAwHEng @ b‘ioé‘%‘iaﬁe@a%fl HERHERE 6Fcipafpetisaion syimadcast

channel in @hdrdidBn dirdeeichhit dCORRUNAAEE QihsSWEHER 2cMblSE &ergaémteea{el &gl gnal
and a late signal aré transmtted via at |east qgne satellite, the early
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corresponding to the early signal but delayed a selecfed period of tine

with respectesie paried @hing vish ffﬁ%ﬁct t%%%ﬂmh%&?%ﬁﬁn@%?%w%%g a
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the early signal to transmt a terrestrial re-radiation signal, the nmethod
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in said network; and correcting said terrestrial re-radiation signal to
conpensat e sltz&f)ns in said network; and cotrecting 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
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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 patent 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,



del ayed by a selected period of tine before transm ssion th?ﬁ?ﬁ%ﬂt%@bﬁ
early channel and said [|ate channel each having a synchronizatfon cod

sai d broadcast data stream having been encoded by a parent convol uti onal
coder to operating at a selected code rgte; delaying said early channel by
sai d selected period of time; and conbining said late channel with said
early channel in a maximumlikelihood Viterbi decoder operating at said
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to an undel ayed early channel Ing said second set of punctured coded
bits to a late channel; del ayl ng sal d late channel a sel ected period of
time with r§§gﬁgcﬁggoégfi[gra‘gﬁégzy channel ; 19 August 2004 -4c and
transmtting sal arly channel and said |ate channel, said selected period
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re-radi ates a h|g power S|gna ng ar d wave propagation in a
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sufficient fe.qhsgach distances from1l to 20 kmas appropriate. Brief
Description of Draw ng The various aspects, advantages and novel features
of the present ifgdrmiepish alirpadcasesysterpsing berciatclites donsratporie dnferodrmhe

fol I owing detadiy %gnﬂsec%ﬁmup&a glracxzéa&iacg@ﬁﬂad &%&@A&HPSM eseilflnfi}e appended
drawi ngs, in whic s. la and each depict a broadcast systeém using

one satellite folFlgt?’rlaﬁgliﬁBb ﬂlpqﬁ@ﬂnaf@ﬁ@t&ﬂ@ewmsﬁ@d@n@@d onfificr delayethat n
accor dance w%e%emgﬁg@%ogf the present invention; Fig. 2 depicts a
broadcast system using two Satellites for transporting time and space

diversity si gnal Bgdobistteic teesital HeMMddingleiegrengnocssmsh (RFRB nensehcteche

present i nvgntdo@nce with an embodiment of the present invention,
Fig. 5 illustrates synchronization of TDM symbols to MCM subcartiers in accordance
with an embodiment of the present invention;
Fig. 6 illustrates TDM symbol-to-MCM subcartier modulation in accordance with an

embodiment of the present inventon;



Fig. 3 is a graph illustrating fade duration versus fade depih
identifies delays that optimze tine diversity reception; @Ap&%%om
illustrates a terrestrial TDM MCM si ngl e frequency network (SFN)
constructed in accordance with an enbodi nent of the present invention;

Fig. 5 ill0%@PeEe® synchroni zati on of TDM synbol s to MCMGEHBW&PEEErs in
accordance wth an enbodi nent of the present invention; Fig. 6 illustrates
TDM synbol -t o- MCM subcarri er nodul ati on in accordance with an enbodi nment

of the present invention; 19 August 2@Q4 WO 01/ 65749 PCT/ USOl / 06337 - 5-
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enbodi ment. of g PoSERker AMBBLRARor TOUAMENTHIn, Bl BV embgRSS: |1 ke

reference nunera e undérstood to refer 15 to ik s ‘and
conponerfs. s@aensiin aSHDE bevrigp Flmed idiamieer oy aqcaidprcy VEWDBUF ent Ghithq | te
conmuni cat i QRs&Y fvii®n,can enmploy time diversity, or time and space

di versity conbi ned, t mtigate the undesi rqag effec s of‘ | ockage,
shadowi ng,. fadi n§# 112 usHates 8}5&‘?%‘“‘1‘%#‘3@2'&% eploymep Fé Kpciation

conmuni calt l @t@tuﬁﬁé%ﬁﬁﬂ*ﬁﬁﬁc&f@ﬁhﬁi%&aﬁ%h&h@ﬁﬂoftﬁ& srle&ambdnub@ . si gnal sh(i A
one signal is de a,selecte me, i nterva ect, to the ot her
signal) in a si njaﬁ% A ’éfﬁ’f‘?{“:ﬁAl“f”éPﬁaVPﬁg%P?ff bsipogl el ver si ty
comuni aat i enlikepytd Mdcaagontd@nsmt the early and late signals via
respective ones of two direct LOS data streanms. The duration of the tine

interval between early and |late is determ ned by the 25 duration of the
servi ce out Apailallesdrptid ¢ Resferted Elnbodivaitled. Experi nental evi dence

referred Satellite communication systems can employ time diversity, or time and space

diversity combined, to mitigate the undesirable effects of blockage, shadowing, fading
20 mulupath. 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



to herein gives guidance to the nmagnitude of the del ay ”EEd?@Auﬁbs'iQOOLE he
two direct LOS data streans can be transmtted by respective ones of
satellites that are separated in space to inplement space diversity, as
well as tine d|verS|ty In both cases, the non-delayed channel is del ayed
either at t'W@W&¥%estrial re-radiation transmtter and/ oFCHUSHNE? ecei ver
so that the early 30 and | ate channels can be constructively conbi ned.
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contlnuo uni nterrupted reception eI| in satellite-only
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means of aassigﬁﬁﬁotméﬂ&fabmm-mmmmtaﬂmghe a&mvfbataaallsa;ﬁb&{ab rearidiation

synchr onousl| l. SSI ed t n subcarriers in
t he sane wa %{h@%ﬁkﬁ%ﬁ%g ffq“ee e %t’;[%gwﬂsﬁg o“ﬁageg Iékf‘ rrestfrl al
single flﬁeqmmw tnatwlupath, an‘ﬁhaldfmmmveﬁmmmmvshekmbwofmghtbecejzﬁorr @si stive
to nulhpat@evgx@ bWcElqds robust reception in areas where |ine-of-sight

reception is vere y bl ocked. 1. Mobile Reception Via Line-of -Sight From
Satellites. Si gnal transport using el ectromagneti c waves directly between

satellite t'iansnMBlBﬁ'R%ce %%ﬁm%?lsigﬁtlﬁx%ﬁ)%ééﬁfé is addressed in the
foll owi ng. As ted previously, sighal blockages at receivers can occur

due to physi cal FHERToHENg, cmeﬁsnaﬂwa'ﬁsﬁﬁf%betyﬁra eiclite wsmiers. | n
addi tiong seid/in6isileQeteRGE S aaa@ssapﬁuﬁe £lewhe Al el préﬁ&w,g,gngamﬂgeﬁ&tl ons and

carrier phase erturbations Le recefvers, for exarrptg encounter
bl ockage byreﬁ?‘\VEﬁ <0 oceys due E?Cghya obstructions between' a transmutter and the receiver.

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




when they pass through tunnels or travel near buildings or ﬁé%‘ﬁﬁu&a%4

| npede line of sight 25 (LOS) signal reception. Service outages~can occur,
on the other hand, due to signal cancellations, fading and carrier phase
perturbations when interfering nultipath signal reflections are

suf ficient IYORVEH4W t h respect to the desired signal. SaPEl/Psog6337

communi cation systens can enploy tine diversity only, space diversity only
or tinme and space diversity together to mtigate the undesirable effects of
direct line-of-sight 30 blockage, shagdowi ng and multipath fades. For

exanpl e, as shown in Fig. la, a tinme diversity only satellite comrunication
system 10 cafnlx #lan%h'ism&anﬂyn@hmmétd&m@itm@omgpn@ lageapgmals pypradtellitei n a
single direcis LOS data stream 12 over the satellite 14 (i.e., the late
signal is areplica of the early signal, but delayed by a selected tinme
interval ). Al ter fhidaiiq gmmygication fyftemombyung space @%’W"eﬁ%rsbqwm@my o
communi cat i op) Tsdiro 1OS daR shé#e38iahd @mw@uﬂ@me&we@spzca& bieansRO6ti ng 19
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b and 2 ar @%9 g1 pasmy ndnpruglbacadeast Repspprelng vidug bsgadeaptaprogsassiae asvigied iddual
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broadcast c nnela@ 9&5 E_&oadc Siﬁ{é annel carries the broadcast, program
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Fo Ta, e iyt BELBURDGE D, el P, I SRR R R ini pEER Lo
st r eam f r om!B Hat empleys phly enediregtd OStsirepn Hom enssatellitmiddor wmd diversity need only

to receive one time division multiplexed (TDM) carrier to implement this operating mode. To

do this, the receiver uses one RF section that receives the TDM carricr. In this situation, for
each mc_)bile 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



to receive one tinme division nultiplexed (TDV carrier to ippheneabophi s
operating node. To do this, the receiver uses one RF section tHat receives
the TDM carrier. In this situation, for each nobile broadcast program two
direct LOS nobile reception broadcast channels are 25 sent in the same TDM
stream The"Q§H5dt%s of each broadcast channel are tine dP&AEIHPE33T

mul tiplexed 33 within the frames of a TDM carrier along with those of other
broadcast channels. One broadcast channel carries an early signal, and the
ot her broadcast channel <carries a |latge signal. This process provides tine

diversity at, the,receiver 22 nhances the ,ayailability of. conti nuous,
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typical s pec%ﬂx?nerciaﬂy 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
+ 35 satellite signal is sufficiently strong to achieve a fade margin of 12 dB, from Fig 3, it is seen




(30 to 60 nph) is selected to be | ong enough to cover the dj ' | of
t he bl ockages 20 encountered. A value of delay is selected 1%%@@@5!%6’4‘
preferably of sufficient duration to elimnate preferably 97 to 99 % of

t he bl ockages, but is not so long as to encunber receiver construction
(e.g., suclwaslesdmake the conplexity and/or the cost ofPE/¥8beFer to be
commercially undesirable). As an exanple of the duration of such a

bl ockage, a car passing under a bridge 50 ft wide at 30 nph is consi dered.
The LOS to the satellite is blocked fgr 25 1.136 seconds, and the delay of
the late signal is at |least equal to this value. Measurenents of bl ockages
have been colmdadtlgdtironof Girca$ sdaprglh vamyprovidesnedi meximume dbeneht fromttimesdivessity,  Land
Mobi | e Satelrécgl;t{% Conmuni cati ons - Channel Mdel, Mdul ation and Error
Control ", Pr oceea‘l ngs | CDSC-7 International Conference qn Digital Satellite
Conmuni cat i ons, ey mepgs of|gBwcingsielife Faah roPRNPN th fhe m‘ﬁ-’ﬂﬁ FEFHODE Ahe
fraction of jhlpekAase 3pSRcPMThRAG : %5 Sétibat berswhbit atilabsl eRérd ot cdnade
margin for a nixture of " obs acle,s,such,gfa% "‘E’i{-ltd‘g . - r.oad 'dﬁlqsglitKructtJJres,
bui | di ng$ amtuk fremghe, ygare ehtsBicause PE mylipad ef[saff?\‘??scf@ F RIS 013 shows
t hat 1; or a fslgﬂagﬁﬁa to'BefGit ﬂleﬂftenﬁ&l dng]f $drﬁ&idﬂle;bﬁm 'dfitlﬁaa:ohikmtidﬁeif\ﬂa@ﬁrl &2 Ftnd 8
seconds. Fade depth maygin is.the difference bet n e gi | eve
arriving frﬁ'ﬁ?‘t‘ﬁgg@a’[‘ é‘?c{e{%tz’g a%ti‘t‘i‘e“ fwmgﬁ'ﬁ@ ?eég‘i?'%ghﬁ Ynal to
become unaceepinpixhel bylibsrdering eie t@eatipdcerrenicé of the bidtor synlelsl df b enessagprrakhel s
sufficiently strong to .achi eve fade margin of 12 dB, f L9 3.0t is
seen 19 Augu 5%30 mdﬂgéé\‘f@@/ %‘7‘%%&35‘70@5? ‘t‘%ea‘%’“‘g&?é‘ﬁ“ég“’t fhr?e of 6
to 8 seddnddumdmm gfrtheinttdeaveraThisreaxsesudirdomrba iot syrmbokn df ithepinplit vesssge 1 be
reception. I f nei agat I 4 ' ] |.h the
mobi e of it ubrand ey FE N Ghe FRURNE AGREEe BRMBLENRLERPLL Qi NP
combat bur ssuffeofn lgirer sty niirn tragsponrtg thenezeeivenrthe Bctior ofi atcomplimeneane de-agar i es
of transm sgi lpat . r

U1 of ont o EPHRE ) Bl bt DRECRBRCUE LoD a REOIRTSE (e
conbi nat i on©owF Ueosnjies iterleavergimecwindass causng shrarrosapperr ah ehet I decedargb iznent ary

maxi mumgki KehHiR Wb bRERAST shok DurskhdfSeriofed HAECPRIPFES fa&%d&yeagi?%fs}&w g the
time of occglrrenc,e of the bits or synbols of a utsaﬁ%gw% he . transmtter

to random y 28 umsickRAct yhativse pf Bisp dotetfatr oifete FGnrelgEAdt o t he
10 durati ond@bddri@nbtitte phi@ BF fHe prokbisisig G G thead il 2C & trddbdon SIrm&pRAls of the
I nput messaggﬁgéo be sggarat ed as f,ﬁ)r fromone anot hLE'r as ,pessj Eg If the
i nt er | eaved HESSHYE B PSYIFLrrstsrs hedpieraayersae mhrrgptyorated angy the, EEC
transport todehaOraecled wakmitken® acl bedte ciie BEC deppdersvBtatthe deivet P2 &Heeaver at
the recgjve o restor.e the origqginal order scat.ters rrored bits or
synbol s%ovae‘%rgtfoﬁé)?%ﬁ'trﬁné“?nn Bf g%n lfropior?ﬁtwrﬁg%%fc%%ff}g%\@m?ﬁ%m to appear at
t he FEC decoder lasrl@vers camaadebolbe wbied iy thi brimonf obsssirerldavdps s tressofitedaavapr ed .

bits. The F&%ﬁ?&%dﬁ.[r ot %‘?t.ktjle)fvgﬁc}:ﬁ&%(ﬁgétetogea pair of message bit streams so that each

interleaver carries about half of the bits of each message stream. The bits of a message

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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early and ate parts of a broadcast stream using a so dec:s1on Viterbi decoder results in

j

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




I ncorporated herein by reference in its entirety. Such synb g%&sggwt for
the early and | ate broadcast signals allows for maxi numli ef&l 00

conmbi ning of the synbols of the early and 15 late signals arriving at a
Viterbi decoder 28 in the receiver. Maxinmmlikelihood conbining of the
early and V@ elV/&i¥nal s i s made possible at the transm tRE@UR4043§7 deri vi ng
them froma convol ution coder 30 and splitting its output into the early
and late time diversity signals. A process known as puncturing acconplishes
splitting, as indicated at 32. Prefenably puncturing consists of selecting
hal f the convol ution-nother 20 coded bItS for the ear]y sjgnal, and the
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12 Implementing Tlme And Space Dwemty Using Two Direct Line-Of Sight TDM
Streams, One From Each Of Two Spatially Separated Satellites

25
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.



reception can be used for conventional non-diversity LOS se{yhggud 8004
non-nobil e fixed and portable radios. The early and | ate BCs provide tine
diversity at the nobile receiver that enhances the availability of
continuous reception under - those dynam c bl ockage 15 circunstances that
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determned in the sane way as descri bed above for early and | ate BCs
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fromthe |late TDM stream and the other fromthe delayed early TDM stream
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rat her each ctahn transport a conbination of "the two signals.
by the same processing circuitry 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 latitudes.
35
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two at I'eve Sspace diversi hi gh latitudes. 35 19 August
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satellite diversi I ons can 'be conbined with a network 36 of
terrestrial dmedy é@%sn ag Fb&n%lﬁ‘i”{et kepesver. Aingaccorylance “G%#Eo?%seﬂhé‘vﬁ]‘l‘?ﬁkage
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transported using time division muldplexing, This is not meant to preclude the use of other
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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Multicarrie
modulated or MCM symbols, An 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

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
(i.e., one stream carrying the lare BCs and the other stream carrying the early BCs) and 4) two
35  direct LOS satellite TDM streams from different satellites G e., one TDM stream carrying late
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ot her streasachattiyn B8 ammmeeambzyuaﬁhhe tmdnad)covm:ge 3@dn 40, ped the | p@Ressingel 1 i t e
TDM streans firom |fferent sate n carrying late
19 Augu 256% Gi}%@?%’é‘“ﬁéﬁ @Bﬁgéﬁ%q\%% E]é ‘c?i:&{ gﬂ%t her TDM stream
carrying-early Bfsrequifingseahcaincidensn of arerapiivalytimaesod i uaaemhreo‘fadlaﬂon signal
and the late satellite signal at the center 42 of terrestrial coverage, a minimum 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
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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
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' Alignment of the TDM data symbols to each MCM symbol of the TDM-MCM
20 waveform uses a process illustrated in Fig. 5. First, the TDM data symbols from the TDM

stream carrying the early BCs received from the satellite are arrayed in a sequence of time
contiguous blocks. Each TDM symbol carries 2 bits. Each block 44 of TDM data symbols
contains M columns and N rows. M and N are design parameters determined by design
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



that in the reinforced region 40 the LOS TDM BER = 10'' and 19haiguéioBR =
A2BER = 10" 2. The switch fromLOS TOMto TDM MCM occurs at 0.01 - 0.001
= 0. 009, and the svvitch from TDMMCMto LOS TDM agai h occurs at TDW MCM
occurs at an = .01 =.001 = O011. Thus, it is easier to go fromLOS TDMto
TDMN[J\Atha*HOPV@ﬁ‘PTDMNu\A back to 5 LOS TDM By making OPERESHOBINO 2 t he
switch back from TDMMCMto LOS TDM  occurs at an TDM MCM BER - . 015
making it nmore difficult to return to LOS TDM once the terrestrial MCM has
been sel ected. Sone ot her equival ent ?dJath nmeasure, such as signal -

to-noise ratio, can be used instead of BER 10 2.3 Inplenentatiqn of the
Terrestrial viDNNEN PrbNstoshpwineFig drase foy Alysrasveopurpeses et etuch vaues @ T
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bl ock 44 is BB i*eat sz ¥ I’é‘éﬂﬁf%’ﬁ’ﬁi\}mw symbels %@"Fﬂa@twlfﬁ%ﬁg‘?“é'ffp #¢ 818 or m

(I FFT) 4. -E@jﬁlga(Q‘I’Slebaﬁferstt@ BenWibb eidammm oswfa&katélﬁt somtfeg, piTig N OFDM
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reference ca@MeIFDMhusicr. cBRh mmx syitabthefefust aasmﬁmuﬂFDMarameﬁrtBat The
process is repeated. s uentl al. | M ol um o dat a synbol
Dl ook to TorfRe ag srigpgn %‘?ﬁ%m N ooty the MoR ohitl B8 30V 0L
44 form M I\/Bwl\laﬂmﬁhs eumbanbf aine dqnﬁnoiamplésperepawai £ 8V HagreNhe sampling stepifus one
phase ragfer td Wfr uy total
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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



-18- values M- 8 and N =6 shown in Fig. 5 are for illustratlPVeigpsir2bfdes
only. Such values are typically on the order of M= 960 and N = 116, for
exanpl e. For optinmm operation of an TDM MCM si ngl e frequency network, each
TDM MCM synbol 48 transmitted fromeach terrestrial re-radiation station
38 in the MPWPR36 5 carries the same TDM data symbol BCHPSHAB3D] ock on
the sanme carriers of each MCM synbol ; otherw se, constructive reconbi nation
will not occur anong the nmultiplicity of TDM MCM synbols 48 arriving at a
receiver 22 fromthe various terrestrj@al re-radiation stations 38 of an
SFN 36. The TDMto- MCM synbol synchroni zation and ali gnrrent process is
perforned Phaepeage i thy speprryse @andew ylhe aussd HEF Ineepifisients gk thetlEF Fest r i al
re-radiati ogbéﬁﬁﬁ@gﬂow@&efgggggdeggzggvﬁ@ MCM synbol s 48 into TDM MCM
frames 50 is further illustrated in Fig. 6. A TDM streamtransportl ng 2
bits per synbol at a synmbol rate R (e.g., bit rate BR= 2 x R).
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(e.qg., then%ynbol rate R of the TDM stream the nunber NTDm of TDM synbol s
per MCM sy t he nunber 2" of |FFT coefficients, the guard interval

fraction rl, are Ethﬁon?%WFNaMc lentgd o d‘sﬂk&bﬂunﬁiee:ov@@k efd a@w ahd nachi eve
an int eger ;i 0 DVE MCM f fes. 50 FTE 64 30 Thi s
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| FFT 46. THyadrquized gigl ogeser @eqre@n@aofanoeemmem moéumemcorrecuons are

needed. Two time delay corrections involve distance corrections. One is a correction for the

distance differences between individual terrestrial re-radiation 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.



WO 01/ 65749 PCT/ USOL/ 06337 -19- ones centered in the | FFT spgdtugush2@0ddow.
The unused | FFT coefficients at the | FFT  spectrum w ndow edges are
assigned a zero value. 2.4 TDM data synbol to TDM MCM data synbol

Synchroni zation 5 As stated above, the TDMMCM terrestrial re-radiation
stations 38VPPEFably operate in a single frequency nebGRPRINSEN) 36. The
SFN 36 conprises a nultiplicity of terrestrial re- radiation stations 38
that retransmt at |east part of the early satellite LOS TDM waveform Al l
terfestrial re-radiation stations trapgmt in the sane carrier frequency.
bandw dt h. Each errestrial re- I’de‘ at i on statiop.r groad asts e sane
TDM MCM wavef or mI4ere £pp bpa nuymaber 6F ¢ saRyem b Feverses ¢ fokegdade &l ¥el Fadi ati on
stati on receaiphfisze avekalll edcépyion Within SOl Bd e Ishbukis. SiBSets JDMhsscMaé-raaiatﬁdnyi ng the

ly BCs b thddthDMt d op.th
T e e e

satel lite LGBburl bdcaae bf disance) t‘@oﬂpﬁtg&n&%%cﬁge phmlicsat Fhesefinfinence nxglrsof t he
SFN. The r}tz){olgrre tskrlnee sat abla'vée LOS TDM carrying the early BCs are
precisely an SRSt enf”i1 Ssigned to the -same OFDM 15 carriers of the
TDM MCM dat a synbol s, as descrl bed bel ow in connection wth Figs. 5 and 6.
The stations 38 of,. Jasné cm&?&ht?o% il 96 Bl s AN dI 38GQUET 3ge Of a
city and its suly & tions. n accordance with
t he present |nvent| on t| me y correctl ons are introduced at the

terrestripal re-radicatell Qhvishd) L.e.nfg c§§ec89mta?@ha&m s%cmo\aale teQirfidallEs upf MCM

synbol s carrying the sane satel TDM data synbols are nearly
synchr oni zed®Her of SENsperagaof ‘B?TPW%%?ISEGM@J@mSFﬁPé@&E?EeS of tine

del ay correctigngiffefesy tri8 86 Reval $P¥e tdiRe TOMANTER Y REIdABS sthribiOBY Bofdi St ance
corrections. One,is a*correg[alilhon for the distance differences between

i ndi vi dual ter r ebiEateilite (4o sagifites 1444 0 ad ons and t he satel | i te, and a

second is a cdyr differemrahy tichdd dudtioistncatifdainariveeathb rd ARkt staidhs 38 '
re-radigki on stat :90[9 and tEﬁ:‘\iS cent r of SFN coverage. The cal cul ati on of
these twd del ay COrrectibf Cod'&’%%er bed below. The third delay correction
is int roducé&ienmmgakf&eent&seanm\lhmlb@agmh ré-odiarioni svation: by ddldyitg dphageMwi t h t he

satellite L S bllerece ver .l ocat ed at. t he center of
coverage of %%ﬁ%&h df% S rrus °’a%n%°r%° CAUSE T AEERP f’*ﬁ%@“ﬁé" si gnal
fromthe s#pPetwFEI#s used to generate the TDMMCM terrestri-al

re-radi ation signal. The arrival at the 30 center of coverage of this

| atter signal must occur at nearly-the same time as the arrival of late
LOS BC M $il gnafatdliomBetrdiasion StptigniTOM Fimipg Differanpdss t o happen, an amount

equal to the detawidies WeSsH: 88I0F YerRRHal |r§h@a§dxﬂ£ﬁioﬁs B @@Al@ytha %ﬁar' y LGS
BC TDM si gnal ‘L satellite. Sone of de

processi ng S8t éggﬂ%?g%ﬁﬂl@f@dlqvwoﬂ Aesley prbex tbalmw EJ\@W 'roaﬁbmial th¢ @Ft@)@e process.
The remai ndggiwied dad feREMBELR-rRYarBn Shnl Al SLAY it BEARPTHEI HeR 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 ilustrative purposes, 2 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 _bctween 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




35 the TDM stream before the TDMto TDM MCM transmul ti pl ex gfdomsst 2009
August 2004 WO 01/ 65749 PCT/ USO01/ 06337 -20- There can be a nunber of
"centers of coverage" inbedded within an SFN to optim ze overall reception
within a city and its suburbs. Subsets of terrestrial re-radiation
stations 38Wé1‘°1’fﬂé9 SFN 36 can focus on different centersPEFUSHBERT age
within a city and its suburbs because of distance, grouping and bl ockage
peculiarities. These influence the first 5 two corrections nentioned
above. 3. Corrections to Re-radiation Station Timng for D stances From
the' Satellite and To The Center of SEN Coverage. .1.0_As stated
previously, E}iahlieﬁ'gd’éé?‘ﬂ’éétlififﬁé‘? ipfersectratide fasation of pach stasen. Paegnate thesprestat ¢ he
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re-radi atfon,stations 3 15 and.the center of, SEN cqverage._42. . The tim ng
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TDM dat a sysiohss minbeilaé 3, Ebheatestclaund there iaonedppreapmiraiceedt2 hee therespeaaor y
devi ce prior ei.r i.nput to,LEFT 46, 3.1 tellite-.to -radi ation
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re-radi at i onsasligtheaivsat ABstitvmt. Al@adtethat threzifiiM 1o the hupnadelliferpoin sheusad el i te.
At el evation_agngles ot her than 900, i.e. directly. overhead, .the di stance
bet ween eac hm'fb 58’?‘35 rb’ € pEe ?%ﬂpr’gh@?eé?ﬁe’o‘ﬁmﬁﬁ% RN f”t%g'igggor‘

di f f erenl0 Tdalgslatinghthe eslank |line-bisighd i ditaaree haesen matidne Islaadtmr,athgetolietimgeen each
terrestrial Le-tadlafi 400 | td on.and & he 25 satellite and

t herefore ineltg?f{g t#s?rféés(ﬁg?rﬁfg\wgﬁéﬁg@%apfoﬁ?gf& gpd) "t he di stances between
each terrestrial re-radiating station 38 and the center of coverage 42 are
different. The foll ow ng rig,dlustrates the nmagnitude of the tine

di fferences caused by the %%g?%“ﬁ%g" PF8r ences. For illustrative pur poses,
a SFN re-radi ation network 36 i swhearsi dered which conprises a nunber of
terrestr1'5al re-radi ation stati ong g*g in e(_)%})raght‘j | ocations chosen to 30
adequately cover a city and it's g Bt ed “netd B))Iitan area. In
relatively sinple, snmall and conhirped hl @ckerk tapphogi es, snall nunbers of
terrestrial re-radiation stations suffigl;e._ In large, nore conplicated

bl ocked topol ogi es; | arge, nunbef 5 sBdeblighed¥si al re-radiation stations

are needed. The nethod for calcul ating delay differences due to slant range

di stance differ eAces . . : .
serve that the timing correction component AT, .. to be applied at any station k

20 to account for the satellite TDM 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.



35 between the terrestrial re-radiation stations 38 and the 19atugukti 208414 i s
shown in Fig. 7. The distance differences are neasured between
perpendiculars to the line-of-sight to the satellite 19 August 2004 WO

01/ 65749 PCT/USQ /06337 -21- that he in the earth's surface at intersects
at the | oca¥P8HB# each station. Designate the nearest BEHF$SAHEH 36 to
the satellite as 1, the farthest as mand any internediate as k. Let the

di stance difference between perpendiculars to the LOS along the earth's
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be  ATCON T €t e dofiTith 46 namfecinds el bpgast ation at the maximum
distance it will _be AT, = 0. For anf other station k between, AT,k is
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gi ven by equat i oRlOHStOr PopEecSmprse cabiBrgeatchisarich rebenBus B isMunde poi nt
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differs fromgstaation to station a obvi ous and appropriate _corrections to
the above eddSHFHEREP OFT’Edh"EQ‘@ Pff'ée'gg’ g ageogt dﬂf’rfgg‘é’b’fg’t‘séiﬁhéﬂgélg azEwHEY ant
propagat i on até tlewsrifieingRest the Gichitel r@ftivaRtte idiRrisRlRlohl 35Wah egiabd! hdllie Ci r Cl es
on the surf%ce of. the &erlt h B_gvi ng.t heir centers .at ftL]e sgb-satel lite
poi nt .and the L 8 Frerere calquiation.progessigjan extension of the method given
above. Also, for 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,
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| arge di stances fromthe sub-satellite point and within the rather Ilimted
region of an SFN coverage, the circles can be considered as straight |ines.
Variations in the time differences due to satellite notion will now be
consi der ed. W&AESS™al cul ati ons gi ven above apply in the a2¢HUR'WOEFAne
intersecting the satellite, the center of the 5 earth and each terrestrial
station under consideration. For a geostationary orbit satellite, the
satellite's orbit positi on varies slightly. It is commobn practice to

mai nt ai n the satel i positjon to wthin cube 50 m | es on a side
centered at NHEOPHEs Gﬁ sggumehanmetes ofeploymens fos tqrpsssial rxadigian siaerssd 8o f
21,300 to 25q HOENDGE is@Sshoh @ Fig It/ vhieRfh IR Ydradthif) ASrabifkionZtatib ha:@ﬂd:eeiaavatl on

caused by variatiqn in geo-stationazy qrbit _satel]it |on ve a
negl i gi-bl e ihiPHEAEY BPPOFiAnPEes bt achagcs Do caleThut gﬁi $ bove.

Ther e “magni tiilfioHaaRn0Rt c¥REAMHIAIABRONEEAMID - Qﬁﬁf(s,&{ahﬁﬁ%ﬁfereﬁbéﬂﬂ arly,

there are tine differences caused earth station | ocation f erences
within 36. 'Flre‘sleA'alo OﬁESDMeMé-‘ééﬁwﬁﬁ anamyosmndsldqoeradmwdr qbeadgxonv\h@ﬁl" xt Be two
are sumred, S.not e 166 n conds peak-t o- peak.

the
However , f0|A ng &58??13 1%#?ar ggmt?F‘B?CPP Y E agﬁef‘f uch -as those that fly
in Tundra, 15 Mbhefoeegoihd) et ripioh absendsithia u{eaﬁnecafme{lxI{@@fbmaraelnénmssioaw Earth

Obit LEO orbits, the .c ul forrred ove f bl kelnto
account t he?(?glnfal ch gy 37 %Jhtagt aﬁﬁgﬁa{%i"‘ Gﬁl LOAAY® %Eee%ﬁ?o% E'irfa b %t he

satel lite rgkabemnmcetter 4299frtbej¢oaeragarre§ctra40 wns us&senwlyrperfeagairgdniem, Seat}el lite
conmuni Ggat i . o e ess,i.S_an. Xt en . of the
met hod glﬁveﬁ&% d%%?eﬁ?e? ‘gghmfmlj f%ﬁocf%#no Wcﬁ%ﬁnﬁ 3§/0 BTl 2670, ul ati ons
need to be tepaat, e tae of masxmsstdnaftorﬂeammmdrre-rﬁheod_moshammgaaiatedti m ng

error to w th = . T anet of the
Cover age of h’?htgmg'—p ?ﬁ&% Q‘gsin ?coﬁa%%ég g)??é?ﬁt “IPV% tgegnv?r;ls%fjeg
terrestrial Presondthatiirdpe oﬁaqm@mn lsshe diftanch élffsrénbﬁésw@ewpach s@EOTINONCM
frames 50 99{3%5@&@@4' Thd {6x %@ SRt :Pﬁéiwﬁem?{eeloca% ﬂh@?ﬂﬁ&?ﬁs‘ 28 W th

Figs. 5_and At a recel ver ocate In the I nten area cover age
40, mul 2P pl 3"‘-‘§F‘§ﬁ&l2§ ©18 FRYiErss fﬁ@ml'ﬁ\/# MCM frames arrive fromvarious
re-radi ation stati ons The arrl val times of these will overlap one another

in manner il ust d Fi TIh read _of the overlap depends on the
satellite-t 5t er P‘?“a#rg‘feé m&%@sﬁﬁgfﬁﬂegﬁn‘% SPTESEQR di fferences  and the
re-radi ation st aepmmfeﬁe@mpamn@ltm@me alifinfre @ of BeTDM-MeM Halves 3G\ f r ames

30 conbi ne lh C%n ontséaruct nner provided t at their ,arrival, ti.ne

di f f erences R fém FE ISV TRBECHE PP WU of SHRIOEIREDS i nt er val
ATO us@é® t p’%@hbnralepenﬂhﬂyﬁ%ﬂ%t emhvtei'm:m rb-fradiahbrSst@;ldﬂBﬁ off iec8FB36. Wi dt h i s

ATG ,. th t I
re-r adl atelnolﬁllQ?t glttllgt}gir%glthe dcgﬁgg@&ﬁ% er a%{&ﬁh mns esﬁ%g tk‘%nd t he

distances involved in the calculations and the equations used The steps of the procedure are

-
-

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,



di stance differences preferably nust not exceed cxAT 0 wher d%ugsstt@4speed
of. light. Thus, 19 August 2004 WD 01/ 65749 PCTI US01106337 -23- the
geonetry for the maxi num di aneter of deploynent for terrestrial
re-radiation stations 38 in a SFN 36 is as shown in Fig. 11, wherein one
terrestrialVP&Y$Ei ati on station transnmitter 38a is di afeVPI%/4$36TY opposite
another 38b at a distance D .-. cxLTG Thus, if all terrestrial re-

radi ati on stations are confined within a region of diameter D = cxETG the
time difference of 5 arrival, ATR ofz4TDMI\/CI\/Ifrarres at any receiver

insideoro side the region, .is AT r exanmpl or =60

o oS econd<beTTeRR Siclar b e Sopde o CoNFBER ¥ 5N, TERER- TE SBFPTEEEt e
that the ti rﬁam@mfﬁ%%&thﬁdnarmietehﬂm&imsﬁgd on fromeach station 38 of the
SFN 36 is adjusted to cause the arrivals of all frames at the geonetric
center 42 of the coverage regi.on 40 to be in essentially-perfect alignment,
i.e. the 10 ti neAdli(]Breamc’Qgs(éiﬂ]/ghe arrival of all of the TDM MCM franes 50
is essentially zero. this to occur, the time of transm ssion from each
terrestrial re- r&&FYSF]W@ﬁh%‘tl%’??@r?nu‘;l%toéberﬁ@ﬁ?éﬂ@éi'3d?fosPeqd\ﬁghg hpes of distance
differences in accordance with the present invention. As stated

previously, the first type of correctlon is the distance difference between
bach ot at] oniabasaRRE sl tpigeaghyre-radipgion, gratiom Py B BNGhe pvmwn pgn | s
bet ween t he degﬁﬁ&HQPAB&, tl?ﬁe)&td@ttefn% 381"h@'29rrec§e§ fnlﬂﬁ'g E?Pfo? acﬂ%erpé(sm]ém@
coverage region 40 . | cul ati on Procedure for Frame Tim ng
Correction M@WQ@@W@IW@@W%MW@ t he needed aI i gnrrent of the

TDM MCM for anes 50 at the center of terrestrial re-radiation coverage wll
now be di scussed. This procedure is 20 preferably independently performed
at each terrestrf8i=p8:-Adgiation station 38 of the SFN 36. Fig. 7
illustrates the depl oyrrent of terrestrial re-radiation stations 38 of the
SFN 36, the distances involved in the calculations and the equations used.
The steps oflhe pesregied twing A1 i rpplied 2 kdch wensthyl ramdiptidnisstiomi t ulgneb(eanmﬂ 3

Revi ewi ng t 1t roduce ar each
torrestrial BB EHiLEL 48 Pl SpHERT B TP BRI S Al pitae S

rangi ng 161 opveraga Applicatine obthis tigtingt dogrectiore aptimsites Lhe® veralb benation bbthe BBMsatellite
(o 1 - M FORMACrRfi . califionl BN, N0 Slnoke o llBh HIGEe L2 LR - SALSLLL bg. The
remai ning stations I n the coverag area ar e numb n ascendi ng order

bet ween | aRdngnlegiof e meﬁrf@&s\fen@mud@rﬁnsﬁ dredwrizonng disonéexd ntstkionih s¢ ghace

di fferences frdkfMaridQIAB R abiifhRgbiR!ckalis, RABS| DG LU 1RERSE ELon 1 and
t hat through stat |o?g1 m are t hen 30 ciet erm ned. Ogserve that the. parall el s
are per pendFEGFEFT A BECAEBER0 the satellite at each station. Al so
observe2ohat for the exanple shown in Fig. 7, mcorresponds to station 3.
The hori zontal di stanlc.e .di fferences ﬂedatEaal[l?{e (ﬂverted to LOS di stance

di fferences by ming corrections App. ation Station
ZElv = 30°
d;; = 18km D, =15km Atl = 102 ps AT1=32us
dy; = 15km D, = 10km At2 =76.6 us AT2 = 6.6 ps
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



mul tiplying by the cosine of the elevation angle, as depict 8 Aupu&i2§048.

The di stances D;c 19 August 2004 WD 01/65749 PCTIUSO /06337 -24- between
each station i and the center of coverage c 42 is then neasured. The
uncorrected timng Ati for each station i is determ ned usi nq: Ad = (DK +
d;,,,*cos(eV)W¥ 5 where elv is the elevation angl e tBCVRYILEPBE| | ite and
s is the speed of light. The above equation is cal culated for each

re-radi ation station of an SFN. The m ninum Ati, designated as Ati,,,;,,

, Is next determined. The corrected tipging ATi for each terrestrial re-
radi ation station.i is then determned as follows: 10 An = Ati - Ali,,,;,,
The corr ect &d"i¥ i‘"ﬁilﬁ@s‘gﬁk is design ?Sirid’“gt‘heé%{@ﬁs Elé’é‘tsrf’irrard‘?‘b‘hf’méﬁl?yon
station i tog@dalhtdgdiise of arrival to achieve a zero off-set anong all
of TDMMCM franes at the center of the SFN 15 coverage. Application of this
timng correction optimzes the overall operation of the TDM MM .
terrestrial re-rgadjatyon,pENr A sanple cal culation for the case of in =3
illustrates the “princtplés of the present invention where d,,, is the

hori zont @ distance of a station n to the farthest station along the.
azinmuth to t ' qand D' is the.di ce of_t shat]o from the
center of t%@%&%@é%@sx&%@ veI'|mr% arslsg-gug'é%rt?éet?fﬁf gngseﬁlp%fl "égggt'c’ &aegﬂtalr

Re-r adi at i ordel¢sat éaohstatiafiztey = 30 d13 = 18 knD,, = 15 km At1l = 102 sA T1 =
32 s d23 = 15 knD2, = 10 kmAt2 = 76.6 s AT2 = 6.6 s d33" okm D3c=21km

At 3=70s AT3 =0s The tim ng corrections given above conpensate for the

di stance differences between| ZZb=t5lte Ght Bd %108 anf each re-radiation -
station plus that between e faty -pn and the center of the
SFN coverage. In addition, t|fefe=rifst%%1%%*¥e intfoduced at each station a
delay to conpensate for the ﬁjggg_@}men the early and late signals from
the satellite and the processing delay in the TDM MCM transmul ti pl exer.

The total delay introduced at each station nust be such as to cause

preci se 1goi nci de h t Telg I satiel |- i th t he
si gnal o}gl iver edﬂ@?ggig%hﬁ fslg?trig\éet%{r]?laFJsrgee???(ﬁ%cg%do%H’s gﬁr%ng?\\.% T ?fgfgm;cpi f. the
del ay bet we&rbedieent theimplyiywil bp owlersingl iy hEu@tMOT neidiorradre 8 etails thereof.

Various modifications and substitutions will occur to those of ordinary skill in the art. All such

substitutions are intended o be embraced within the scope of the invention as defined in the
appended claims.



-25- early and late signals is designated as TE, , and the SSi del ay
as ATP, then the total delay Ti at each stationi is E Ti w%ﬁ%‘ﬁb@«% -
AT' 5 For the exanple considered above and assumng that TE, - 5 sec, ATn
=.0.2 sec, the total delays at each station are ITl =5.0-0.2-32.0x10 ET2
=5.0-0.2-6.6x10 E T3 = 5.0 - 0.2 10 Althdbgh the present invention has been
descri bed wth ref eneneceiliQefisPreferred enbodi ment thereof, it wll be
understood that the invention is not limted to the details thereof. |
Various nodificatidns aftdnatbassefisynphiastringai selectabenmbet of tithodigisiof: mottghlemed yr
skil'l in the ary sﬁ‘nﬂ)o@MQhFDﬁlagﬁts&Ea%{ Oa?ﬁe B G SPEE Ll Q28 BTRL 2GR,
within the scope of the invention as de |ﬁe(li1 In the appen ed clarnms. 1y
August 2004 - Zeltiphrad/mudetrig meatiulagd dr. TRMMIM dymbolsiyne NAMiNMCHMgwaveform

sel ected ngnb(%gmggsiﬁ%%stggsvcj sion mul tiplexed or TDM synbols in a TDM data
streamto an equal er of the subcarriers of a time division

mul ti pl exed/ mul ti caceiviag sarbtiMadagdstosm T dalellisy nbol in a TDM MCM wavef or m

5 conprising the s of receiving said TDM dat a amfroma satellite;
| ocating one of a En‘%%?lér F % a?rfg aprnéaatr?{)?%a“(el\'/ﬂsﬁam%%ede(%g 2% ﬁr& i Sécﬁ”“ted
synchroni zat i eypchegizetmmesefuensaincail IDMatiaa st¢aeamid DM ddtMrebat Bavidol 8 ddibt

having at |ea 908 DM [rane conpri si i d agne of P code and a
di stributed s%lghr onifﬁaé%ﬁ %orﬁnpf@mgesalueoﬁﬁe&ghgﬁ:; P68 iat€‘s NF‘“ ‘gisﬁmlé‘ﬁﬁ’ﬁ‘tﬁ%‘,
sai d gne d0 as¢fEPrceond ampihrditdio$ tsuitl buyinbals, Sy ohe @ iaz MFPOELAS eMdeN AR trhRitdag

useful to loc 4. JDMframe wthin sgid T stream rating an
af ray “using sﬁ“gh%?&n%%a*sseﬂ%eﬂégﬁw& '8 ‘iﬂes%gdﬁi@?f%mea‘ﬁ%ﬂ aa?cﬁg”% i st

nunber of col emasyand a second nunber of rows; 15 generating TDM MCM

synbol s corresponding i.n nunber to sagid first uﬁer usin an | nverse Fast

Fourier Transform 1 & MNP "§§5dm§f¥’5§ﬁh g‘aséﬂ Mfame, ERATEIBE &

havi ng sai d séeconagnbuberlumnids 2adiadecotid adnlsdr of ®wsf or respective ones of said

T Sy IDOUS [ G OERRENDIANRR el %onSotidg b el i Hoe S o
an Inverse Fast Fourier 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
. 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 inf 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.

AMENDED SHEET



TDM MCM synbol franme; and 20 re-radiating said synbols fron%iu%g[ Lglata
streamvia a terrestrial re-radiation station in said TDwW VETorm 2.
A nmethod as claimed in claim1, wherein said generating step conprises the

step of filling said array by providing the earliest arriving of TDM
synbols in said TDM 25 frane into the eafliest generated one of said rows
of said array, and continuing to sequentially fill said rows until the

| ast of said rows is filled with the last of said TDM synbols in said TDM
frame. 3. A nethod5as chahekei anclghai i Haim\AEHRIrfin $Rd Sumbd 2 akia [ IiNeanM

conprises a 30 plural.i fr S,.said TDM MCM synbol franme having
essentially tﬁ%mgcg Sﬂﬁ&é@%@@@i?ﬂ“TﬁWﬁ%@“ﬂ?“A net hod as cl ai med in
claim1l1, wherein said generating step conprises the step of synchroni zing
said TDM synbols in,said TDM MCM synbol frame to within a 35 fraction
of one of Zaid synfols {mPethedds frfed ft damily Suther pPRPEDthSHEEP! nyviding gach
2004 -27 5. Asietring MeMGlmabdred sid ToaiMeM, fapher l B ohhe iuFhehe A Ak
TDM MCM  synbols in sajd TDM MCM synbol frane is an integer nunber. 5 6.
met hod as cl aif¥fRRP! PREQY wrissbpoding tq Frad sesephpimbesglivided byt the nebbesraf\shidi TRMeach
sai d TDM - MCMsgitedQler bddorfibai Jiobd eVl ' fhd o he
TDM MCM  synbol period correspondi ng t%&gg?sgﬁgggﬁ]gh%%bdgpgyg{bé%gaby t he
nunber of said TDM synbols per second, said guard interval being | ess than
sai d TDM MBM synbot, pera @flihod@s dainmdd FELAQ i j L] Lfurt her
conprising the step of providing each Sa%%@k}@%@%ﬁ%%{ﬁ?ﬁ%@#ﬁﬂg& d
TD - MeM wavef & -MCQ/P Fyhehirase iz atid SRMWIEM wevefameithoyndeomgtadbmedrd n
claim1, further conprising the steps of. providing each said TDM MCM-
synbol in said TDMMCM frame with a guard 15 interval, the TDW MCM synbol
period correspondi g t o Gathad sedzimead mgise 1, Yithirdeontpting thestepsofiber of sai d
TDM synbol s per seggfdine $adnd | r i 5 i_d.. TDIVk
5:80ing SAIHsAH BN N ﬁé&bggﬁmﬁg TBREMCRA R yfl T DM OV

synbol perjod; providing each said TDW _ rame In sal

wavef or m W t hinservabybre P MMER sysholistigd cetrpsp @dingsaprié ssombpweaehdigidediby B TDM
symbol to conpensate? sh@rriMSymbRE bl QBod S | a02nd 81
synchroni zati on_word Si n .eachysai dli)TDI\A?\/CI\ASsy 5?%#%%9%%%?%\!%&‘%3@?@1

TDM MCM sy mboMSCMgimbebpesiafid guard interval and a time allocation

correspondi ng providing each said TDM-MCM symbol frame in said TDM-MCM waveform with a

synchronization 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:

AMENDED SHEET



to said synchronization word for the corresponding said T fr
occupy one TDM frame period. 25 9. A nethod as cl ai ned i?ﬁ\gﬁﬂgﬁsﬁgﬁlerei n

said | FFT enpl oys a nunber of coefficients that is greater than said
second nunber of said synbols. 10. A nethod as clainmed in claim1, wherein
said TDM data stream conprises a 30 plurz-ity of TDM franes, said

generating step furfReLiSOMILSER S of. .assi gni ai ols in
respective said TDM f rawmeg in sai %e#‘%&g %ja a Jls‘fl%%%r%%gk@?%%qsar 2_5%{%) iBFE of
said TDM MCM S$hissing symbadp each o erd syngpob abthesP MMM of selacred nurdbler of¥its in said
apparatus for yseqahma.dgerrestrial re-radiation station conprising: AVMENDED
SHEET 19 August 2004 -28- a receiving device for receiving a tinme division
mul tipl exed or TDM #depeessty deainr compaedsiongd seeibial deviRagd ofdratsaiodoaiHAObEa

o ocesai ng. oviEd BRI ER IR LR el s b B b B bodpb bt O TNt e
one of a 5 nadttestrchmanil TPMatiblsecda/ERjingn (tastand TOM Gk chHp@he said one of a
synchroni zati o eguence j.n.sai.d T .data stream, said T data stream
hgvi ng at |easl§_)lpgr?§é‘I ac'f‘s br?é"dc%‘?f%“éziﬂﬁ‘ﬂ‘ Layegeod agruality pirpidchigsaid ge af

di stributed syndfiiforidzand anlisstsueingactasidzato kefuddde theinplussr@l @ 1BiatSsidc bl one
of a MP code anrlld %l@émpﬁ} ed synchroni zati on sequence being useful to
locate said TOU™F Fiigs 26 "PDM data stream 10 wherein said

processi ngllevi ce twiapaf aldmocsing &ByiEDeirSfohs @l §mbVLARArSirEaMdal fio
respective subcarriers to.generate a tine djivision nultiplexed/ multicarrier
modul at ed or T NVEMURERAT o FHrB T ST 7 ST FiSion MENItRI¥Ad dinulticassigs mesfulated; o
TDM MCM sy mbol EDMRACMgasefcifl Raipeasn M TDBEMOM sy@hHiiabdch @F Said TRIMIMUM SRSRINY
devi ce enpl oying. salq one of a P code and a distributed synchronization
sequence to syhchedif¢& é’é‘f‘{?“’s BRAREepsysaidpracessing dexice emplodeg wisangiof B MEP

correspondi ng @desndk daibated SyHiRRhzh @ISl RSN HBze SR Ly AR MM ByRPO! S
prior to rg-radiatin treamin said TDM MCM waveform via sal d

sai d data [ .
terrestrial” re- Faaﬁﬁteé?'i §?’§1‘E5P%rf‘r’.§“gl?‘.‘°sﬁf 35 sbsartiers 43 respegtive daifl nTTRMaYIGMI 1,
wherein sai d pymbelsgindg t6l @vir b8 RhidYdata 20eadt id RUGBEMINSH GRS via said
transform (I FFT%S tg transform said synbols in said TDM data stream 1nto
respective saiG"SHBtSFPTAPESB49 An apparatus as claimed in claim 12,
wherein a TDM MCM frame conprises a selected nunber of said TDM MCM

synbol s, said processing device being operable to
y P 93 gn apparatus as cla.l.tr%]ed 1g 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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‘25 generate an integer nunber of said TDM MCM synbol s for Sﬁ%g T%é@ﬁgrre in
said TDM data stream 14. An apparatus as clained in clai g8u in
sai d processing device is operable to provide each said TDW MCM synbol
frame with the sane said synbols in a 30 corresponding said TDM frane. 15.
An apparatus as clainmed in claim214, wher22in said processing device is

operable to assign . said,synbols in the, corresponding said TDMfrane to
respective carrier sl%' of A&aﬁpaﬂﬁmwg%%mﬁgﬁ%éﬁ"ﬂsa%ww §fﬁﬁ’3ﬂye‘i§ e,
35 AMENDED ~ . t¥trds@iafweeredistiodGRdon ¢ is bferabMtoapieie atidi TDAS d4id atedBGnl Bafdtidn
15, wherein said. ratus .is enployed at a terrestrial re-radiation_ .
station that iatg saoigg)}r)“gﬁ%e&%m FER g?/eég‘éeaﬁugcaﬁ‘m kAR aey ’tﬁ%ﬂdg%g?’?ﬁﬁ%’%%g to
sai d synbol s tHeMeMOM Bjrtbols SpietChrbsessil BEdde! befpS opbICRERStR sAMMIMIf [ames
conpri sing . TDM MCM s%gg,gh\z sai.d péi,é&sﬁl ng devi ce being operable to
assign sai @ syRBSTRe? Epaesip gad L5 "‘Ftﬂ%‘?lef“?éﬂﬁéd juRcasdsr i ofrpig HaHMSM eam
to said subca§mbéls i Rfrepahdng i TEMMEMRBls i N correspondi ng said TDV MCM
frames. IT A systemfor use at a terrestrial re-radiation station
conprising: a receiver for receiving a tinme division nultiplexed or TDM
data stream from a17.10 %ﬁﬁé&k&:eﬁseaaattér@mqsi%ia{;&mﬁﬁh%gmbﬂsi%gi d receiver
for transformng said TDM data _streaminto a nulticarrier dul ated (MCM
wavef ormt o creat e 25k [ fredyiema et dippiek asltipied or 0N elata shsern| fareck or
TDM MCM si@nalsadeligt 1S robust to terrestrial path transm ssion nultipath
and bl ockage vagaries and interferences; and 15 a transmtter connected to
said transcoder f 3PS FORRICHY t@ wictkeTrF fornrasfogming sxid §DMdaty strcam it 2
clai med in cl ghdfichdier WAAGIRID (MEM] b ABRd Liblte b Sinfe UNiliSH iR fliphQed/ Brtck A4LAT ©
said TDM MCM signal over terrestrial paths to distances betﬁeen

appr oxi mat el y Bodujated Qi -MGY giznd that Isgabatse fostemstiabpatie trepsiiission frpdtfpatthand
satellite i s MRERIagadll b intdctdhedsefpgas clainmed in claim 17, wherein said
transmtter is configured to re- radjate said TDM MCM si gnal over
terrestridP paths PiaBymiftes sepnegied taypidiragsepget Sordragsroitting azid THAHMGM signal

sel ected di stances where reception fromthe satellite is bl ocked by

bui  dings and trees, respectively. 25
18. A system as claimed in claim 17, wherein said transmitter is configured to te-

radiate said TDM-MCM signal over terrestrial paths to distances between approximately 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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'20. A systemas clainmed in claim 17, wherein a plurality of id ns
are located at respective terrestrial re-radiation stati onﬁgﬁglé&éﬁéél e
frequency network, said systenms operating substantially simnultaneously
using tinning coordination and synchroni zation with respect to one anot her
to achi eve substantially seam ess receptdon of said TDM MCM si gnal 30 over
the area associated, wth sajd.sipgle frequen etwork. 21. A system as
clainmed in claim?20; V\h‘gr@eﬁmgafg B tsu%r iaa;%}lorag‘fa?ta(f?‘ﬂfniegdn st a'i”%/"bn i
geogr aphi cal | yothwoaitatn sBtesewheeid at bdrly sigid and Slag uighg urtiAgnised Ul Bidést one
regi ons. AMEN . SHEET 19. Aygust .2004 -30 22. net hod of transmitting a
br oadcast cha%@r‘te’ﬁﬁe 5’”‘#’? 'ng{?g?sg?gtfv lea&ﬂ?‘ﬁtﬁfﬁ@‘a‘i’ﬁ%‘ﬂa §g°t”é‘ﬁ]1 Wqég;e'?‘ﬁ sighal
early signal aodpisidgainethei ods the Brdad @RSIRhideE ehel l5te 3lpnd] @3S EspORtEng ©AhEkIriyt €,
the early si gnhal ,conprising at | east .par% of the broadcast channel and'the
late signaP &BMbrTEi fRVehGt REFCtPaPEicst of WG FEHd CHBECt CRafifeFamlyt Hgndl athe
signal corr espanlifigtbe sfsten &fipri¥ing aSleStalk oPlehreditl aYRGAoSRIRE! 8 rRekingd Of
time with respect to the early signal, the communication system conprising
a network of ?‘écfﬁ”é?ﬁs’i’l&lth‘? éE‘?YaﬂE‘éf'? it® Pragbmif j2okarefted! trurdiation riggnalg e method

processing t heofiphslog t8d Gpebst 0 transmt a terrestrial re-radiation signal,
the method conprising. the steps of determ ning the respective differences
in di stance betweefft&Eininssthe sespectize diffgreaces ip gistancp(pespgen stid patellite ppdyeach of

re-radi at 10N sdiddelreasl era&idd sBRELNAN Kaid Addo&Oddect ing said terrestrial
re-radi ation signal to conpensate for differences in tinmes of arrival of

sai'd early signal Seringsae foxretialfegadiarion sipepl tasompspsatedfpr diffetepeth int tirors of

stations. 23. afiwiIRE hRfeadl sigdaBit MBHediDe 6hed oMot WRET Rl naRhdupsiNork is a
single frequency 15 network. 24. A nethod as clainmed in claim 22, further
conprising the steps of defining at | east one approxi mate center of

coverage anong a SQ_. ept@gueﬂiéﬂnﬁf:laiﬁ-fcdﬁﬁtlgim ﬁze%@éfnréaﬁl nebofork adl @LhOfequen
stations; égo determ ning the respective differences in di stance€ betwee

each of s&?d 8&Fe¥ted nunber of said terrestrial re-radiation stations and
sai d approxi mate center of coverage; and correcting said terrestrial
re-radi ation signal to conpensate for different tinmes of arrival of said

terrestrial re_—rad?4ati dhfnsihgﬁaq chimaigrelaite 83 feathsrrearapriting dhestepedf nunber of
said terrestrial Jegnfgdi@ki a%S@g@mwcea&r@fJoe&Eg&vag agy&. é&m%%@{ﬁ@%ﬁs In

di stance between respective nes of said sele unber of sai

terrestrial ey sisdiatonstoans and sai d approxi mate center of coverage.

25. A methed as cl ghdBthid k! A A2 aMELEl T ke BLLEG! L8 & G GRURYT Ses

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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‘'step of conpensating for the delay in converting said satel:l +98 to
said terrestrial re- 30 radiation signal. 26. A nethod of t aﬁ‘%‘ﬁ’i‘s[gﬁ a
broadcast programin a tine diversity comrunication system wherein an
early signal and a late signal are transnitted via at |east one satellite,
the early si gnal conprising at |east parttof the br oadcast program and t he

| at e signal or.responding to the earl nal but edasele
period of ti rre T a?etgffjecg RO IT] ﬁR}E‘NDéH‘%‘EE%‘Ia PEVR] r’fﬁﬁﬁf r":\”:.‘_“del"’t’t;f"él’rI y
signal, the cemnlfoatacanmgysﬂq:mdmmgrmsmm@ agﬂaew\m’ﬁﬁmﬁ)ﬂ‘att&fee@&t felradiation
re- rad| ation SLatd onsthf(g receivi ng processing the early signal to
transnit a tefFestri Al ? “P?an’F‘&%Ft?rf %f’ nal , the nethod conprising the
steps of defining adfiningaslkasonse @paﬁdmtdr&b&r aecf&v&ag&fmcﬁag\i@él@e@ﬂ o Raid

sel ected nunber of. said. .5 terresFﬁdlil| re-r tion stations which are
geogr aphi cal | FrSERararReRtiontophRich g errsap SERaAcedi f f er ences in

di stance bet ween ea@ém@iindgs &iedreﬁiﬁklﬂfét &ﬁereﬁﬂémrdls&fncé Bhthed LRSI dald selected
re-radiation sta{Jl O?ﬁ’é‘f sai d approxi mate center of coverage; and
correcting sad™mPer feretoal ge-sadiponsagansand saifl ARRSORBD E9EA PECTEREPTS er ent
times of arrival oéon&aﬁ:@ daRY fefr8dtfidl ab-rdd@mibR digadll @Ncodip@i@le fof AR tdths fdrom
sai d sel ected nugb of said 10 terrestrial re-radiation stations at a
recei ver due POVHiFraidreswa] fr-aliato vgnah berpmitted, feam sud istlectedopembes fof seiflg

sel ect ed nONMD@freffial S@ladiali® §RFInk h@ reb&rer AGY @&H&e&%@-ﬁ' c@é@a%c@ﬂélw§@1' Hspective
approxi mate center of coverage. 27. A method as clained in claim?26,

wher ei n sai d Bﬁﬁsrﬁéﬁlﬁﬁ@le@f‘%ﬂ%ﬁfﬁfﬁ?ésm?%@d jesradietigy s$htiopp Agsk Frich ApIeRimesE t he
- delay in convegr&dragcos,@gagg_satel lite signal to said terrestrial re- radiation
signal. 28. A nethod of providing a broadcast programto receivers
conprising the steps of: 20 receiving satellite signals which are
transmitted using gpne of RMoYN o kliBnedii Qkis] 3¢/ whkrehi IR BREuS mﬁ@r@ﬁc&lﬁé (RESIHEY -
said satellite signals corrprl Si ng sai d broadcast program i mum

li kel i hool® cofteR REGempeasasing ifergths delay inosenveming sed sadliatsiond toisgidarrestithrd-si ng
said br oadcas;adga‘ggg@m and transmtted froma terrestrial re-radiation
station; 25 determ ning which of said maxinum|ikelihood conbined satellite
signal and said terrestrial re-radiation signal has the best signal
quality; selectinggit Nemebaopd arﬂeaaduskgﬂoyamg:&ams ,fgag%leut §
signal or said terrestrial re- radla ion sign havi ng the best But pu
signal qualit9¥ and

20 receiving satellite signals which are transmitted using one of only time diversity or

time and space diversity, said satellite signals comprsing said broadcast program when
maximum likelihood 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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suppressing switching fromsaid selected signal to the othengoonguaf2094id
maxi mum 30 |ikelihood conbined satellite signal and said terrestri al
re-radi ation signal unless a selected condition is satisfied. 29. A nethod
as clained in claim28, wherein said sghected signal quality condition
corresponds to a selected threshold for the bit error rate for reception of
the 35 terrestrial re-radiation signal. AVENDED SHEET 19 August 2004 -32
30. A nethod as ¥l ai necheitreded diimed@, clainh 27, sihpreip anid sdeted cirestlolt erddthedod f or
bit error J!%tise | %er%h%r?tsa?(i e}:l\rhs?r;lnal segria at{ogrsr eﬁ&srsi gc':te aen_ r:l% Lation ].?(iel%naé I's
sel ected and safd max mim ket hood e SHBT Begedat B i apgRdieige
suppressed tdndmedisacilits sigrell maxipoassed |thak ethiet eddimeturiyi hikdihsat @hibineé satglitgnal i s
sel ected and said, terrestrial re-radiation.signal i.s suppressed. 31. A
ot hotl- s creis Gieb€ Lt B i A Bh B B, D REPl hood conbi ned
satellite signal and said terrestrial re-radiation signal do not inplenent
tine diversity of time . and,snace diver sl the 32 ATRLI0M RS clajaed in
claim 28, wherein said receiving s]tneﬁm? or ‘receiving sal SAtEIPEE s
si gnal s f urréire ggpalpint s8¢ tdrirgrigd re pdafiondeédnalydogpt Sraplemsatigle | diviesitsogtrad S t 0
conpensate far c?g@x incurred at said terrestrial re-radiation station by
generati ng Said terrestrial re-radiation si gnal fromsaid satellite
signal. 33. A nethod as clainmed in claim 32, wherein said satellite signal
is atime division milihphexad signal, andyls, converted Lo said terrestrial
re-radi ation signal using tine division ' mu ?ullpallem ng murticarrier
nmodul at i on. sa@Hite s/sigmelt Aotlcraemplisgs Hedtep pf délagings33 satalie sigiah ts admopet@teafipr
incurred at I est.rial. . re-radiation station conresponds to.
b ocess ng. SB7 e LI el £:{AUELLAD 8 AR ERIM R oy
said time digrridrcomsaimishttllipliesdd signal to a tine division nultiplexed
/multicarrier nodul ated waveformat said terrestrial re-radiation station.
35. A nethod as claimed in claim28, wherein said satellite signal is a
time division ni#tiphexdddsidiaatd iaglin 32, ybaxie sdddtdlio: sggnliiyvetingd divigoron
mul ti pl exin | |.ar e v [ I, sald terrestri al
re-radiati o%ﬁlg%ﬂ jégﬁg%g{j{silnﬁés %Eﬁﬂeglje(g%o\ﬂgg ite\gpﬁmrg}%%{lapf ex is%?usm tEr?ecééstrl?ner
nmodul at i on toltigerirey atlécasia chotidrtivest ri al re-radi ation signal, and a nobile
recei ver receives and recovers both said tine division nultiplexed signal
and said time division nultiplexing/rmulticarriet nodul ated waveform 36.
A net hod as cl ai¥ed i rethail iy @8nedihakizi 38, whéreln sad ddldy iittcerrai ay prad ®rrepreal
transmttede Yo ad@hebllbshdl M Heclicy!ofid burlifc GHANEYon R fla LREEE S 2
re-radiation signal being transnitte Ia

from said time diviston multiplexed signal to a time division multiplexed/multicarrier

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 hoebid sapdlfle Sighal S eERIMIRE viaSt &RoADT 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 ite signal conprising said broadcast program. said

sat el |
satellite si 5:% S’gfﬁ}éih?@g@ﬁﬁfg%fléwiaz t ERECITEr SERHIGR 0B RO ERUW ST AL 5949 eam

CONpri Si N @RraBa¢ htysaid TR TRuenEPEHOSIA0RENNA FrehGend irél p RO GAS baid kLG and a
| at e channel hg¥é£%7at | e stangorLion 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 akeathity Oekagesighd coRERMd AR Bibadadt gx@g,a&,ysaﬁmaﬂmeé si%ﬂﬂ said
| ate channel. a%¢ A .nmet hod as cl ai ned hg claim 38, wherein au% r padcast
data stream®BofBricEEechrbddtast POBGhrfet sieaffo 5PPRISEe &piBh Hppel
broadcast proagspanding @rsai8 bithi@adidgrant, A6E P lakOthan®BhAioBar leyst & abLbf G@ITpri si ng
only said hroadcast pro ran§1f05 nobi | e recq£%éon.‘%0. A net hod, as cl ai ned
'n ¢l ai m 38T RioBREbHETT SPHTEY PhesLicieg Refod eicETY bl Ao rRBdherol
re-radi at i cidsh@nedandd of RidlIRE cRShElieath K0mp aQ@thiikaGdrdddde baid dshdeass econd
satellite sjgnal onprisin { d broadcast .prpgram and providing spatial
i ver si ty i P R e SRS b BT o oLgHaT e e St apae
re-radi ati oftesi gnal and said second satellite signal each conprising at
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



19 August 2004 WO 01/65749 PCT/USOL/ 06337 -34- |east a portiionufistoaod
broadcast program and said synchroni zati on code, and wherein said

conmbi ning step conprises that steps of: aligning said satellite signal,

sai d second satellite signal and said terrestrial re-radiation signal

usi ng sai d QAEHBni zati on code; and 5 conbining to geneP@HESOHAEFUL put
using at |l east one of said satellite signal, said second satellite signal
and said terrestrial re-radiation signal. 41. A nethod as clainmed in claim
40, wherein said early channel and saizg.l ate channel are assigned only to,
respectively, said.satelljte signal and,said second satellite signal. 10
42, A et hodeae BRpReksad bredsy werams el sHE STCYRBEAUSR Sefe A Rhest oy

recei ving a coafinigdicp abmprséstthat Stegsvdd conpri sing sai d broadcast program and

provi ding spatial . diver.sity W.t respect to said satellite,signal., wherein
DLrd satal | ve oramas S el Henal el R e PERLpifiaf b Hn o
from di f f er esgnalesibg taid sywbsintzatwnsodepand geosynchronous orbit. 15 43. A net hod

as cl ai inclalmdo. further ¢ risi t he step, ofp.receivi.ng a ,second
Satel 111 si gnal by HhbAE on SRR Mk s BE AR Auls SRt Bp s o
di versi ty wisttallitersigngd et saitl cermsiiial rsmdimionisigealsi gnal , wherein said satellite
signal and said second satellite signal are transmtted fromthree or four
different elliptical orbits inclined by approximtely 63 relative 20 the
earth's equator Wth 4 mthod el claimed e clain 64, adiercitiaspid eady channgd ahddaidbed or mi ng
at a transm f i | %" RQd o t] Vit er bi
convol utjon Cgserglgldﬁé%sg?%g%%?é?%ggﬁg&dnwﬁ?yguﬁgg he gts aéc{)sga%#a:satg‘gtie E%n% par ent
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
punctured c desd .bi tfs t(gffan ug}d{gll ayed earlé channel ; . 30 assigning said
second set Hunct el Tl QPR AOYHNS ML §EaVBCHIIMRP del aying said | ate

channel 1a& sel ected period of time with respect to said early channel; and
transnitting 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 aﬁ'ﬁ%ffmtcf’r%go’uffﬁ@gf FRTRIEE G Y YEESETE 4 o sai d
early si gnabecard satelwstyigna compusingenid broadcast program and providing spatial diversity with

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



19 August 2004 WO 01165749 PCTIUS01106337 -35- when servi ces Alaskangs
occur due to physical obstructions between said nobile receiver and said
transmitter inpairing reception at said nobile receiver. 45. A nethod as
clainmed in claim44, wherein said coding rate is R=1/3. 5 46. A nethod as
clai med in ¥PAVH™5, wherein said higher rate convol uti oRCEBHaHE633%5¢t r eans
are generated at a rate R=3/4. 47. A method as clained in claim46, wherein
said generating step conprises the 10 steps of using 8 of every 18 bhits
for said first broadcast channel's cod¥dt bits, and another 8 of said 18
bits for sai Qe g i : . nnel ' s
coded bits. 48H.é %ﬁgﬁ?\é"maﬁ‘iﬁgﬁsﬂﬁﬂé|‘_’§#‘tﬁﬁh°z‘fﬁ%’%ﬁﬁ?ﬁ@ai egvfﬁ}ﬁlchannel
and sai d | at §d ERSRTER mprigng tseaption s¥d mabile gaceivsfier to reproduce said
broadcast programfree of interrupts 15 fromuncorrelated said service

bl ockages. 49: A method as ¢lajnmeq.in.claim48, whefein said early channel
and said late ch nel%mgaﬁcﬁ”(?lﬁﬁﬁsmﬁ“ﬂ?%’?56%@%‘%“% iéti on code,
and furthé&r conprising the steps of: 20 delaying the received-said early
channel by said sglected periogd. of,.ti.ne; carrelating said synchronjzation
code in each of the r&@?@%‘&”é‘l”&déﬁ‘#w R s e’é‘ﬁ?"&"‘l"éﬂﬁ“"&ﬁ%‘i‘?ﬁel;
refini ng thestadainganegerteract at hvete®eddzyyed sai d early channel with respect to
the received said late channel to within a fraction of the width of one of
a synbol and a bit in said 25 broadcast program by causing the correl ation
spi kes resul ting 4r omfsméthodcaschisiedtin dlgmstbepheran sagenaratihg step nomprisgd e m

l'i kel i hoggl c P | ' . r LV ' ) nely, withesaid |ate
channel in aﬁg)gfo?‘f%%c&f)és_fitegeﬁ} {?'{’lg?%issggtsb%garﬁ%g&ﬁgﬁeie%%g ée:d%’ aggtal\[{)%ut%'ersg iognal

Wit hout uncofaki8ite fpr sadgopplimensary setytosconsmioure seseniddrqatsest chainelsivodedibits.i ons. 30
50. A nethod as clained in claim49, wherein said soft decision Viterbi
decoder operates _at said selected coding rate of said parent convol ution

coder. 51. A netH{8d aéd wethedrascrlaimedcin gaim 46 wherein eaicheaslyichiansel| andtsaid lsodi ng

rate i s R=1/hanneBare 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 . ‘ . .



