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BROADCAST SYSTEM USI NG SATELLI TE DI RECT BROADCAST AND TERRESTRI AL REPEATER
___Field of Invention A digital broadcast systemis provided which uses a
satellite direct radi o broadcast system having different downlink options
in conbination with a terrestrial repeater network enploying different

re- broadcasti Rgo9pide@dns to achieve high 5 availability receppdQisdaNsapbile
radi os, static radios and portable radios in urban areas, suburban

metropol itan areas) rural areas, including geographically open areas and
geographi c areas characterized by terrain having high el evations. 27
SEPTEMBER 2002 WD 991 49602 -2 Background of the Invention PCl'/LJS98/ 14280
Receivers in existing systems which provide digital audio W‘mmmnm\“\e
(DARS) have ﬂﬂm"mmmmmﬂmmly affected by nmultipath effects MN

severe degra gnal quality, such as signal fading aggez*

i nt.ér-synbol intggfigrence (1Sl). Fading effects 5 on broadcast channels to
receivers can be sensitive to frequency, particularly in an urban
end¥i.ronnment or geographic areas with high el evations where bl ockage of |ine
of 'sight (LOS) signals fromsatellites is nost preval ent. Locations
directly beneath a satellite (hereinafter referred to as the sub-satellite
poi nt) inherently have the highest elevation angles, while |ocations that
depart fromthe sub-satellite point inherently have 10 . decreasing

el evation angl es and, accordingly, an increase of the earth center angle
subt ended bet ween th@I@mISQRQA%CéSECﬁYTSﬁ‘EMﬁHSM SAGESPITBIREES i on.
Locations that are near tBRCADCASTAND EERRESERIAFOREREAYVERBNj oy virtually
“unbl ocked LOS reception. Thus) the need for terrestrial reinforcenent of
potentially blocked LOS signals is mnimal. Wen the LOS el evation angle to
the satellite becones | ess than about 85 degrees, 15 however, bl ockage by
tall buildings or geological elevations (i.e., on the order of 30 neters)

beconmes significant. Terrestrial re-radiation for gap filling is needed to
achi eve satisfactory coverage for nobile radios) static radios, as well as
portable radios. In areas _. ~ where the heights of buildings or

geological sites are relatively low (i.e.) on the order of less than 10
nmeters), the blockage is not significant until the LOS elevation angle is
20 |l ower than 75 degrees. Thus, at the md-latitude and high | atitude

| ocations within the coverages of one or nore broadcast satellites,
terrestrial re-radiation is needed to achieve suitable radio reception. A
need exists for fully satisfactory radio reception that conbines satellite
LCS transm ssion and terrestrial re-radiation of a satellite downlink
signal wavef.orm zs Summary of the Invention In accordance with one aspect
of the present invention, a digital broadcast system (DBS) is provided

whi ch overconmes a nunber of di sadvantages associated with existing

br oadcast systﬁggoﬁnqle‘r‘g&lizes a nunber of advantages. The DBS of the

pr esent

A digital broadcast system is provided which uses a satellite direct radio
broadcast system having different downlink options in combination with a terrestrial
repeater network employing different re-broadcasting options to achieve high

5  availability reception by mobile radios, static radios and portable radios in urban areas,
suburban metropolitan areas, rural areas, including geographically open areas and

geographic areas characterized by terrain having high elevations.



30 invention conprises a TDM carrier satellite delivery sygtsmreseringod al
audi o broadcasts (DAB) and other digital information which is conbined with
a network of terrestrial 27 SEPTEMBER 2002 WD 99/ 49602 PCT/ US98/ 14280 -3
repeaters for the re-radiation of satellite downlink signals towardradio
receivers. The terrestrial repeaters are configured to enpl oy

mul ti pat h-t ol MOH98bdul ati on techni ques. | n accordance w t PEHENE28GSpect
of the present invention, a satellite deliyery 5 systemand a terrestrial
repeater operate using different carrier frequencies. The terrestrial
repeater enploys multipath-tol erant nodul ati on techni ques. I n accordance

Wi th yet another, aspect, pfy the. present invention) a satellite delivery
system and a t}? kgidand of e Inveltid both enpl oy multipath-tol erant nodul ati on
t echni ques and canRe&iveeini egistingl sgseenisehich @roddedigital diutifefdlit seedéd (ARS)

frequenci es) 10 depending, on_the type, of waveform used. The satellite .
delivery syst éﬁﬂ?)g@ﬂefﬁé‘lﬁﬁb’ ifFFﬁTeé)}y &“#W%Fgf%b‘d‘éﬂ]'ﬁh\ﬁf%%ﬁﬂﬁ{ﬂ sgpAdationscias s

{ CDWVA) -t ype - Thewnter, td, b s I

11 pat bt ol et iy, Ak € o H B ERRE B! i BT B ety
Coher ent Fsequavieyaddepphangelfcaatdivees gantbgualsitive do frEdeaGF; HiARtiAarlyrin Mulitbapl e
Carrier Mdulation (MCM. 15 .1 n accordance with still anqther_ aspect .of
the present i rPPERETRNT °4 gS?gr’itﬁhéc g‘éﬂfs‘ﬁ”ég i%&i'a?‘gvagaw_ew F'leeﬁ?‘a‘égf’sﬁﬁ E%c Bfgﬂﬁh‘i nk
signal s which (EaR) ana'iseﬁgxlnvs‘igllp.ys 1s3AbsP pr&ARhY €T 3catiBnl Ofe ?bé?lfeathhalesateilite
satellite signal,” aS well as by terrestrial repeaters. Each -~ -'~

-' -terrestri al(hereipafedr aefeired coasf ihgusneaitdllierpoouy ethetendy diage thel hiphese blavaiion

signal fromthe IsateLilr‘itle Si naé and nodul ate th sil nal usin rmltiﬁ:arri er
modul ation ( MERRC oF et ?Céﬁg'?ﬁ S APRG r8%rt8e rséfg‘r”ée Bb"céﬁo\%r whegently jhave
receivers jgre de&@isi[g%lu%aqnib@ nBREianE, Rebirly) UAL ik oP RS Rasthi dehtek BMEH

(QPSK) nodul ated T it stream as well as an MCM stream Radio recervers
are progr amredubtondsd bewveen thyrsubduellite pointranditheiraptioh docadonr basarings thanarei t

stream and the bit styea nd Lo sel ect the hbroad channel
recovered wt H’C?N'i[w:%le I%‘%I%’fa‘étf P@‘%%&‘F‘Hg’ DY V/‘éﬁ'“g‘ﬁ’f V“%%ﬁﬁe:a?\éﬁbs repepyign.  Thus,
accordance W tihe skddl for Y@tes@AP rdiffor@RERACHE PorehdidlylllesRAtLOSRAAL ¥ midin2BS 1S
provi ded whi ch conprises two geostationary satelyl ites in conmbination with a

net wor k of terWhest thieal-Of eglavaries gnglaie the satelliter begpmes frsa tleansabaue 88 odegregur ed
to process.sat Lie [ [ | J: b | i t

si glr[:al an 5t o] h%cfh%’a?%%élbg Fta%g’lg‘ ﬂglg?snépW‘%glﬁ%ﬂﬁé‘gg?e\e}’e%q%érsg;c%(l‘)r? i3gur ed
to i npl ement aneerd)ebesorhss sipmificanto rMTdreegirial tearadi@risme foe ghp tilliny i mesdgd td aedseve

diversity signals) including the two satellite signg]s and {he MCM signal.
Each radi o r oGBIHEITERPIEHE 9%&%&?@19&éqarlﬁsféepscﬁmms@raﬁet%%ds aréas7
SEPTEMBER" 20023, 1\Re {Hé A6 Kts 'oﬁbﬁﬁﬁ#%?%&é%gﬁ sﬁ%ta?é }e!aﬁl%‘:e@gg&%ém O EHR oR¥drtgED

conbi ni ng between the terrestrial re-radi ated signal, signal, and

t he out put of leshahamadl merers),i thelblénkagk s owbisrgaiticantnurad abe dZDE elewdtion anglst ler

aspect of the,present_inventi a hroadcast ,channel , nay, he sel ected from
the-thr oe 201 vAPERTgRLT e o Rl A e IS FRAPEh BORS IBGREPY G oeal |
three signal s,cobdtides bffone@more BrshdtAd Srellfehs, Eepfestrinl deQadih@biR]s hedied tb hehideM

signal fromthe terrestrial repeater. Brief Description of the Draw ngs

These and ot heritghie radice gecaprdorn d v read) esisesf for Hally rsedsfastotyngadint iresapuin tthage

nore 10 readil onpt n rom-the faollow ng detailed deschrdption,when
read in conneccﬁnﬁrl?%agﬂﬁ'fﬁb@%bﬁ%%g& nd?‘ng\/ﬁtﬁﬁssff‘g\ﬁﬁir Y %Sab%#’rl% dc??"’th\ﬁ?s
origi nal di sclsiauirewefond. Wherein: Fig. 1 depicts a digital broadcast system
for transm tting satellite signals and terrestrial signals in accordance
with an edPodi ment of the present invention; Fig. 2 is a diagramof a

di gital broad {sing a satellite and a 15 terrestri al
repeater in a%{aﬁ&m ot BT fllbd enbodi nent of the present invention; Fig. 3
is a schematic bl otk agbodahedmwiithl bfd aglettnef thegpresvnatihwintioh, a digitdl i kraidcher

nodul ated (MCM signal in accordance with an enbpodi nent of the present
i nvention: system g%DBS) is provided which overcomes a number of disadvantages associated with

existing broadcast systems and realizes a number of advantages. The DBS of the present
30  invention comprises a TDM carrier satellite delivery system for digital audio broadcasts

(DAB) and other digital information which is combined with a network of terrestrial



-''"'- - Fig. 4 is a schematic block diagram depicting @7r aghremEmc ebyLer
armconfigured to denodul ate MCM signals in accordance with an enbodi nent
of the present invention; 20 Fig. Sis a block diagramillustrati ng MCM
si gnal denodul ation in accordance with an enbodi nent of the present
i nvention; Fi gyo8ekege2 Schematic bl ock di agram depicting a radiRsbdGsisVer
armconfigured to denodul ate tinme division _multiplexed (' TDM sighals in
accordance with an enbodi nent of the present invention; 25 Fig. 7 is a
bl ock diagramillustrating QPSK TDM si gnal denodul ation in accordance with
an enbodi rent of the present invention; Figs. 8 and 9 are schemati c bl ock
di agrans i | | ustepaitemdor dwe pecidiavion exftsaeilineddwenlofk siprelprosaeditadioseesivéran Ther
diversity conbining. jn a radio recejver; Fig. 1 illu‘str tes a system.of
conbini ng t hr eBTHsYRE sfepsptest (el onfignteg o R VTR Figh
unit’ in accordag&qddst h an enbodi ment of the present invention; Fig. 1l is
a schematic bl ock gi agramillustrating TDM si gnal denultiplexing in 27
SEPTEMBER 2002 WO 9@l #te@dance zodoantshereaspict bf dre prebudiinmentionfa satedlitp debenny
i nvention; PCTli 3598/ 14280 Fi 12 illustrates a ﬁ st em of cf%ggi ni ng ?}‘t
streans recovel8f™hEA"d F éedrea“ﬁkéﬁﬁee'éf PETG P g‘ﬁfﬁ (PSR i 8T Ueci sfon

unit on a fir sterfgtial depéacer ehipltyss nidipah-tiitravatodeladsithestaliglesi t € signal and

then a diversity conbiner for terrestrial repeater signal and the 5 output
of the maxinum | i kelni ssordancec withoyetuanother maspect oafdthec pregent Hinvantienbedsarellite  of

oception of acoNbaoRael S AkeeuEROEREERAR GhoRyIRBRI Pl "BRien

present invent jeehniqeddChnkdi Gin Bed conflgusdd &t ase €t sinted bY QIieerent! QeridrefrEqehsibsal
repeaters al ona a path in 10 ac?or dance with a\gderrbodi ment of the present
i nventi on. 1Pet d¢peadinpesctiegypo Rt sravelnem prsed- o r Hheq sarslis cdelisery ssysem. prefesadly ct s

a digital broa yypﬁn -0 Sy C I O y
satellite 12 fgr?si}ﬁ%ﬁrsné 0 si%%ﬁ% ch%)sﬁggﬂ g}tﬁ]:l%qgccglgsgkue;?ﬂrfggg%t ?’%ﬁ&é’?ﬁ'r az?{) 15
recei vers indi eaieaciabepenal prefeablylempléyswos hmitipelosdlahnonareforandveh i ODMA, at
a different orbital pgsitio ided for tjme and/ gr spatial .

di versity pur pééé%‘“’&sgﬂ? i sﬁsﬁbggg\%b%' ‘gﬂ}i‘Fé'E‘i“l ?ﬁeww Iig‘iﬁ?.m% Aéﬁﬂ“"ﬁly The
system 10 furt ggi.iceD! RATDR®Sr MiliEiple Carrier : C8f). repeater 18
for retransm sgia%arll&of sgfgﬁ ite si gnral gﬁlpr? Céaergarrg%ﬁiméﬁgtfgggﬁgo where -LOS

reception i1§8 obscurladadsyrdante winhi bl ngethehiabpest anficthet presenobatantiot, angnglérhe
radi o

geostationary satellite transmits downlink signals which can be received by radio
receivers in the LOS of the satellite signal, as well as by terrestrial repeaters. Each

"=« -terrestrial repeater is configured to recover the digital baseband signal from the satellite

signal and modulate the signal using multicarrier modulation (MCM) for retransmission

20 toward radio receivers. Radio rec'eivers are configured to receive both a quadrature
phase shift keyed (QPSK) modulated TDM bit stream, as well as an MCM stream.
Radio receivers are programmed to select a broadcast channel demodulated from the
TDM bit stream and the MCM bit stream, and to select the broadcast channel recovered
with the least errors using a diversity combiner.

25 In accordance with still yet another aspect of the present invention, a DBS is
provided which comprises two geostationary satellites in combination with a network
of terrestrial repeaters. The terrestrial repeaters are configured to process satellite
downlink signals to achieve the baseband satellite signal and to modulate the signal
using MCM. Radio receivers are configured to implement a diversity decision logic to

30  select from among three diversity signals, including the two satellite signals and the

MCM signal. Each radio receiver employs maximum likelithood combining of two LOS



20 receiver 14 is preferably configured for dual - nbde openats$sEHTEMEER 2002 Ve
both satellite signals and terrestrial signals and to select one of the
signals as the receiver output. As stated previously) the present invention
relates to a DBS 10 for optim zed static) portable and nobile radio
reception. In égr g&nce with the present invention, the DBS 10 conbi nes

| i ne-of sight v eception of satellite waveforns that ar ECESHWARY 7o
for satellite delivery with re-radiation of4the LOS signal fromthe
satellite 12 or 16 via one or nore terrestrial repeaters 18. The
terrestrial repeaters 18 use other wavefornms which are optim zed for
terrestrial delg I r
LG5 o1 gnar bl ochane SHH Gl SEAAPEANMITLAGEE the ekl iRy HAGHGH
obstructions t WiCMedignal, @ud@h@outpuunfbmmwnnmhkeirhdoctmeth ar eas.

Wavefornms 30 particuyl arly,suitaple for tellite.transm ssiqn ar,e Tine
Di vi si on Ml t:opl ex F ‘ydfiﬂffwf aeyher ?lpfﬁ‘i oiﬁli‘etf"ﬁfeét RS ¢ gast channel

Mul ti pat h-t ol engit byexRERE rom 2e Sied %&ﬁ@%ﬂ%ﬁ%&;ﬂ@@ﬁ&mm lxkehhood
PC T/ US98/ 14280 particularly suitable for overcom ng terrestrial nultipath
interferencé ecombming efhli thres mbdﬂm isasarbirapd data LOSeDRIe sighajstand ehe MCM
Equal i zed TDM (AET Coher Fre uency Hoppi ng Adaptively Equalized TDM
(CFHATDM) and %ﬁﬂ’?’l%md&e"es pal ﬁ’atl on (MCM. S Frequency hopping is
described in U S. Patent No. 5, 283 780, to Schuchman et al, which is hereby
i ncorporated herein by ref erence When a terrestrial repeater 18 enpl oys
AETDM radi o r &gl Descaiptign of thed)gwingsd with an equal i zer (not shown). For
AETDM a TDM bit st f Lit

streamis convened :Tﬁ aha Jtﬁ&?f)ﬁ% ta{“gtmrb;ea'g1 {’feéhvmﬁ’r eﬁ& %Pﬁ?%ﬁ"@g’auenées

are insertad byeadxl)’ieompmheﬁ&ddadd\ elee ﬁauawtngrden@ed Besoripcioni wigenrresd iacefnarisnal |
fraction of the ‘BLDI\/I dat a b S Wt h tral ni ng. sequences. . The nunber of
bits puncturedWidh &g BRF&F‘F ﬁa&m&%‘é QFsa PHEPEWNS gsigtral disclpsureeandor heseinub e
at the receiver by I wa, 0 I &&Ef JDN

QPSK- nodul at ed by t g rep étét%gerlal % fag t{';rtgr Pr}y%‘g‘ggfﬁgﬁ‘\% 4 sté%ﬁtlg g%[pfd%éfldi S
transnmtted at térregiriapsigmals inndccortiinee mndhtanmtﬂmd&nmtrof)ﬂmprdsermﬁm&nﬁant ral city

15 business distric for exanple._Thj.s ansmtted signal .is received by a
recei ver 14 equi ppe g2t %ﬁ‘ %'H'p?ﬁ %éﬂ&‘% ‘H'af?éf SYSEgL SAmprsing B)?a‘&‘gfenﬁ‘
training sqgueRGRSurial fepfBr adace&aarkb%&aﬁsen%dﬁﬂedt Qe s L&oeﬁa&h
processor to cause the various nultipath arrival conponents to ad
constructively. TheFigi gnala tChwatFCeblodstdmmdlusgamz gendios S ch moltrcmmver
the bits of the TDM st ccurac The rd 20 e
correction avaiTabre e mwﬁecel ver 6 %‘éf'gg%%?‘ﬁ"t\lﬁg‘e&’?sfﬁtsm}’er‘i‘f‘f’f}duced
by the puntt tIFI ng amg % lips echeawtie blobly dh@ﬁmladplamF&Qacﬂﬂ%cE@é}edrﬁﬁéonﬁgurcd to

o

i npai rnments. gﬁrdance wi t h anot her aspect t he present i nvention,
t he conbi nati o eypdyjate MeM i‘%‘@lSéPPFQ?F@HFC vl apsmbpdimentaf she preseasinyengion;

| t th terf 3t
%anlsp?1 or :aghletrav?:]S :aghl?g\e/H @ﬁrkta%% lﬂgghklgﬁe ??[Ssxé%iﬁﬁg%d auop: %gésor atic

radi os and pormaﬁiadnaiihdﬂaentmfmhd)praseatmmncmuburban areas and in rural
areas. For exanpl e, _jn accordance, w an enbodj ment .of the prese
i nvention illustratE§ fs ?:F‘g%mai‘c §l°dég-‘ 5‘1?) H‘Igalr%dl%é‘ifﬁ“’$fr36m @nﬂﬁ"fr\ﬁér‘% of

terrestrial regeabfilsie 13intleRdiNSd hAulG m%ﬂ?&?ﬁ L8 aaxxokﬂnba Oith . an

reception availability. The signaling SCri °n-connect i on
wi th the presenrinbpdiwent ofothe prasemppiedncaty e

25 Fig. 7 is a block diagram illustrating QPSK TDM signal demodulation in

-

accordance with an embodiment of the present invention;
Figs. 8 and 9 are schematic block diagrams illustrating respective embodiments
of the present invention for diversity combining in a radio receiver;
Fig. 10 illustrates a system of combining three diversity signals using 2 maximum
30  likelihood decision unit in accordance with an embodiment of the present invention;

Fig. 11 is a schematic block diagram iltustrating TDM signal demultiplexing in



30 over the el ectromagnetic wave frequency range from 200 270s59edsed2000
facilitate the conbination of LOS satellite radiation with terrestri al
re-radi ati on of the signal received 27 SEPTEMBER 2002 WD 99/49602 7
fromthe satellite 12 or 16. PCT/ US98/ 14280 Optimal satellite waveforns
permt very efficient transformation of solar power, which is collected by
the solar arr YR*¥P%ne satellites 12 and 16 into radiated r BGTES¥&80ency
power. These waveforns are characterized by-a | ow peak-to-average power 5
ratio (i.e., crest factor), thereby permtting operation of high power
anplifiers that feed the satellite earth-pointing antennas at or near the

maxi mum power I:hﬁ? t LGtent power output. A TDM
waveformis paa(r%?(lgrg%fcgr%{lgl use ﬁd%%}t %g}eﬁ?{ef’ﬁg‘f"%’%@?‘ati on within a few
tenths of a dB of rhigilthilspawer sypudn of condbifingibiveaneshoratotelnak at usedio pecejpar | y
sel ected codes all ows .operati.on approximately 2 to 4 dB 10 : bel pw

Maxi mim power ﬁmgmmm@éeh@ﬁeﬂ@mﬁm'e%eWéﬁté&ﬁﬁ&é&%ﬁ defraeLiiongs
hundreds of p@&ﬁumguua&ﬁﬂt&hwaweg&y RmBIRSCHor heebiell Qpatdr NignGl S RRE 1O
Fig. 3, the MCM wavefo I h

rminherently possesses a hi gh peak-to-average ratio.
Consequent |y, autp@Mivbe shoimmoe hikdihood dscigemunitiin ageordangyr ek en embpdinteodef and
phase internodyl ation.distortion in the satellite's high power anplifier.
To achi eve acc@pPESfE 'EBBATi on by an 15 LOS satellite receiver, a MM
waveformis backed Fif 3hfudiieh RMBIng@nd ifbé fidodP fecabtlRACSH £5roaddafCRinEl

i mpl enentation inpairnment of at |east 6 dB on the down-link budget, as
conpar ed Wit h acepdambeatithran qonkodementtiof theesenyinyapory andDM wavef orm -- ~. . . -
~ "his transl ates f/ﬁ a ff-.l o-r%ter ea%UCtri on ien at | lcitt%l power _cgnver si otF).
rendering the MOM vid¥el or IHHAME L0 FFAISEBERY, KT B F8TFas LeRsrrTs: #0td B Yery
on a DBS 1y Rresdaidagvithe edtbodimédvofid gekdeiiinbvenstonef or ns) these wavef orns
are specifically designated to conbat terrestrial nultipath and are not
intended for) nor are they efficient) for satellite LOS delivery. Regarding
terrestrial r eb&];@&flg&gﬂéti&yofrtﬁé pég%'rpegi% #gmg&g satellite LOS signal from
aterrestrial ) ormis not suitable because
its 25 reception i Figevaiepicts a ripgial ddoddyasmsyserpafBSef0eatnspriskrgr ath kastoore,
sone proposed systens which u CDI}AA vef or or reinforcenent repeat the
same program s§gHayonIsy ﬁﬁe@%?iﬁ/ﬂ ‘Eﬁ\g’ﬁrféﬂhtc fsa'ieﬁwb@ggeit BFIPHeB PelifPery
and anot heys COMGiehaTiilated genEQflf ot Q4. {RASESE biRlaibliry it do dBLI dBEYnON
carriers that occupy the sa frequency bandwidth. Reteption is achieved by
means of adaptérbealrmisioneem by eravidefitfes emp aodbuagadd dEBWRy pygtoseyms diseussed

di sadvant ageouti because an annglrr_l.xs ﬁong ocgurs in \e{nfl CB re(lzrgpti onli S not
possi bl e bet weXPY {& QU WHB K8 RAF & s FERENY Tt 0o mPIRes A A OEy e

and %"~ terrestrial repeater 18 for retransmission of satellite signals in geographic areas 20 where

-LOS reception is obscured by tall buildings, hills and other obstructions. The radio
20  receiver 14 is preferably configured for dual-mode operation to receive both satellite
signals and terrestrial signals and to select one of the signals as the receiver output.

As stated previously, the present invention relates to a DBS 10 for optimized
static, portable and mobile radio reception. In accordance with the present invention,
the DBS 10 combines line-of-sight (LOS) reception of satellite waveforms that are

25  optimized for satellite delivery with re-radiation of the LOS signal from the satellite 12
or 16 via one or more terrestrial repeaters 18. The ter;'estrial repeaters 18 use other
waveforms which are optimized for terrestrial delivery where blockage of the sarellite
LOS signal occurs. LOS signal blockage caused by buildings, bridges, trees and other
obstructions typically occurs in urban centers and suburban areas. Waveforms

30 particularly suitable for LOS satellite transmission are Time Division Multiplex (TDM)
and Code Division Multiple Access (CDMA). Multipath-tolerant waveforms



27 SEPTEMBER 2002 WD 991 49602 -g PCT1US98I 14280 t he regi on7véspreMsare 2002
satellite LOS signal can be received. Receivers 14 in the annulus are not
able to receive the terrestrial re-radiated signal because the signal power
| evel falls below a receiver threshold for that signal. These receivers 14
are also not able to receive the satellite LOS signal because there renains
sufficient re-wedwasksed signal to jam5 LOS satellite recepti earwusiaaisot hese
receivers 14 in the annulus must nove far epough away fromthe zone of
re-radiation to decrease the re-radiated sfgg]hal power to bel ow t he

t hreshold of janm ng; otherw se, LOS satellite reception is not possible.
In accordance with one enbodi nent of the present invention, the CDVA
waveformis ad@pl:t@dlaflﬁ switkble fox eyesraming gengeserial snultipashy intarfessnee etwbinviered ini a

satellite LOS n t estr re codes
axe assigned f%’?ocgadg |a\?/%a% yai{ d eé%a ?‘ vgl'—é ZFEIZF‘Q%W % eei'f 'ty
t hereby creat e rfiendyt Hdpbmgtmdhpﬁw@lp&lcﬁxalﬁzcdemw (CFEATPM)i dnd MURiphd Daaderand

the terrestrial repeater nal) to be separated by RF/IF filtering in the
radi o receiver. qfhléatioé}e(m -cati on of workabl e and unwor kabl e waveform

conbi nationg for l-py ?;g@&? ﬁ(ﬁ#irﬁ% HECLiGatin @, P&bRes GIHBHE ch S%g’&c%lnla!nte?

LOS receptidn in acco present i nventionare i'sted in th
TABLE 1. More thavhicné hatpley Gﬁcorpmdatbchhemm oy re&xgnmaJ Whemtérr&sg:ah&tﬂmdr dan

be used with the satel signal ,. as vveII as. terre r|aI
repeater si gnalemPS‘U ﬁéﬁt‘éﬁ& §g? SREIVES 1ateprari WPPP&P@@H%HF‘ (not shown).

Wavef oi - nReco t I ;

Dfterent TM@%@E@ gxﬁﬁpsm&mﬁ%m% frdth PSR 126814 PRSI AEMSS

Di f f er ent TDMVCiobiietted imuot T DCAM m@ieaménmmwmmeqmmmmmaawn ff

er ent COMAAETDMXD f f e CDVACHFAT. Di fferent COVA D| ffe NYXSameA
ETDVANYXSari@  oPEesER: i ch PERTHars eRRBEESTHAE 15piacss frsak SahEM i b

D fferent 27 st hEVBERng QB N¥es. 9 Thé A6ABer of bits punctured is so small that the errors

thereby produced are correctable at the receiver by forward error correction. The new

TDM bit stream is QPSK-modulated by the repeater onto a radio frequency (RF) carrier

that is transmitted at high power into the multipath environment of a central city

15  business district, for example. This transmitted signal is received by a receiver 14
equipped with an adaptive time domain equalizer. By using the training sequences, it

can adjust the taps of an inverse multipath processor to cause the various multipath
""" arrival components to add constructively. The signal thus reconstructed is next
processed to recover the bits of the TDM stream with high accuracy. The forward
20  error correction available in the receiver 14 corrects both the errors introduced by the

puncturing and those caused by thermal noise and receiver impairments.

In accordance with another aspect of the present invention, the combination of a
satellite-efficient  LOS waveform and terrestrial multipath interference-tolerant
waveform in a DBS system is the optimum means for achieving high availability

25  reception by mobile radios, static radios and portable radios in urban areas, suburban
areas and in rural areas. For example, in accordance with an embodiment of the present
invention illustrated in Figs. 29, an MCM signal is seat from a network of terrestrial
repeaters 18 deployed to cover a blocked area with high reception availabilicy. The
signaling techniques described in connection with the present invention are applicable

30  over the electromagnetic wave frequency range from 200 to 3000 MHz to facilitate the

combination of LOS satellite radiation with terrestrial re-radiation of the signal received



-9 PCTI US98/ 14280 AETDM waveforns can be satisfactorily il sxranimeck aock
operated in nultipath environnents characteri zed by signal propagation

del ays as long as 20 m croseconds (~.is). Care nust be exercised to ensure
that signal arrivals fromdistant repeaters 18 do not exceed this bound.
The adaptively equalized re-radi ated waveform5 can be received by radio
recei vers 14 MNP to use the parent non-equalized TDM wRFEUSPI4%en t he
former does not exhibit severe nmultipath. -This conpatibility prevents

obsol escence of direct LOS non-equalized TDM radi os when the AETDM
reradiation is turned on. The CFHATDM waveform can be satisfactorily

i npl ement ed arfdorapke QtetliteitDod ®.mul ti path environnments characterized by

del ays as long as 65 —~s. Care nust be exercised to ensure that signal
arrivals from di st &t sasties ¥avetpras pagmit wsr eligientiranstasmation Jfselan@ewtor m
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to ensure that all signal arrivals fromdistant repeaters 18, nultipath

reflecti on® aritladi friammeum pewercdutputeBecaiese thetMelewanttari is coropesed ofthe sumwéf or m
cannot be received py.radi o recei vers 14 desi ed t.g use the paren
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one satellite MZMrwalbfoth inhedhdyvposads&l 4 ihighSpehR1@ndragh radids eCoseduenitly, a
geostationary satellites 12 and 16 suffici entll)y separated ' in theiyr orbits
creates di ver IEM mavefpem eesguatess, sgntbrntin areater Anpifudnaidorhasgingssmedulatien gnal
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di fference, further, enhances the recept.ion availability. 27 SEPTE R
2002 WD 991 496H9FRE P (ELHET 1MPIEHmenTFHO AMREBE R aplcR 5t o 4B ﬁﬁe?hérffwwﬁ‘ﬁ‘
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TDM with QPSK, Ofset , Differential q?SK, Difterentially Coded gDSK,
or M ni num=Shi Fhis Kegdates BId-tonbredpeiangp spgllite power conversion, rendering the MCM

waveform an unsuitable choice for satellite LOS delivery on a DBS 10. Regarding the
20 AETDM and CFHATDM waveforms, these waveforms are specifically designated to
combat terrestrial multipath and are not intended for, nor are they efficient, for satellite

LOS delivery.
Regarding terrestrial reinforcement by re-radiation of the satellite LOS signal
from a terrestrial repeater, for example, a TDM waveform is not suitable because its
25  reception is severely impaired by multipath effects. Furthermore, some proposed
systems which use CDMA waveforms for reinforcement repeat the same program signal
using one CDMA channel code for LOS satellite delivery and another CDMA channel
code for terrestrial re-radiated delivery on carriers that occupy the same frequency
bandwidth. Reception is achieved by means of adaptive rake receivers. These proposed
30 CDMA systems are disadvantageous because an annulus zone occurs in which reception

is not possible between the region where the reinforcement signal can be received and



used for the transm ssion of signals froma satellite for2tQEpreEEpt 2002 by
aradio 5 receiver 14. Terrestrial re-radiation is preferably inplenented
usi ng an MCM waveform designed to carry a TDM bit stream of a capacity of
up to 3.68 Mit/s. MCMis preferably inplenmented which creates between 400
and | 200 multiple carriers by means of an Inverse Fast Fourier Transform as
descri bed bel svobsM9smdnnection with Fig. 3, resulting in a syrooiusisanisod
between 200 and 300 ~,s. A guard interval gf 10 between 55 to 65

m croseconds is included in each synbol period. The MCM waveformis
designed to accommodat e Doppler carrier frequency shifts anong nmultipath
conponents occyrring sinultaneagusl Puncturing is preferably used to
elimnate bi tsHGr'%‘g? P"glefﬁtthﬁisi‘téﬂferﬁgﬁtsﬁéalm irleceé‘fcaegFﬁet‘(?"r gﬁﬂb@’et%“}“ét e
to a value of hetyeeple 10%deRe 30t esirAP redrafrdfNidraf bEALR the sHRASC @ol/ersl)é@m
is inserted between each 15 of a sel ected nunber of FFT-generated synbols
periods to profalldbelawmeresver shregwdd éor thymbsgrial. fEheiso cectiivers g aandlse aor rlge o
frequency synchrani zat i qp ST t h‘? receiyver 14,. a \{Et.erbi s(ﬁft decilsi on
trellis decodefe°f¥ ¥ &'t ‘§&r<} PiRRAL DEaE e Semaing SYttgiFn R radiared sigdal gp jam
“f - bit pai rposuRelitd Reepdiont Tieus] EREAELEIvekS 14 &6 thdeinhuRS mdhst nIvVadir &icush
transmtted, by use of an erasure technique. In this technique, the decoder
si nply i gnor esawarefrem the 308¢ pheeradiagnen wodegrsasarthe re-tadigted isigaal pawes tebelawahe t he

repeater 18. T tellife. i Of DBS i i scussed in

U S. patent ap rfsg‘g{di%oE“@%g’a{{th{\l@f&%¢§%¥%§f ECE ?‘Pré(l:f nﬁéggss elér’;i 14, 1997, the
entire subject mattlaracodrdudve chith odeesrmidimanosp eia pageni einetrtidiy thefE@bpixce
for all purposes. Briefly, with reference tq Fi.g. 2, the broadcast segnent
22 preferably Watsferais adankedde mpkspossible buwre dar simglianeawnsdaliver wa sarelligd-OS
Megabi ts S | ERiofl ihs lcHhm i -pl - as.
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second (kbps) g differemeRIecaheanriBlesorahngoaday thevetyl creatddopemmids ohe fvar signals (i.e.,
synchroni zation, depultipl exing,, hroadcast, channel. control and ser vi

Br oadcast chanf¥élS¥% E%Eib%g"%‘?gg@r | SPrestig) VB?‘Waﬁdﬂit&F SeparHg, OF #&&d
error correctiQReddsEih@PdioX@ceMért i pl exing. The resulting TDM bit streamis
modul at ed usi ng quadrature phase shift keying (QPSK) nodul ation, as shown
in block 28) prior The Wearteatiensiobrwarkable andaiwmadrkable wavelsERTEUBERLROO fof\D
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single TDM carrier per tube operation pernits each satellite traveling wave
5 tube to operagwl dermatungsmethedtan hsovied with phe satglhiecnignad ast welhpgtwich the

ef ficient-eperati I : TDM carrier in a typical application is
designed to deﬁy\?ggalgrgbeg{relrﬂgﬁ%t rate increments, each bearing 16 kbitls,
to small, econom cal radio receivers 14 |located in the beans of the
satellite or 16. Fromone to ei ght'p?@ﬁ:ﬂte increnents are grouped to
constitute br oadcast channel. A broad annel can be divided into a

10 nunber of service channels for delivery of audio, videg. data and
mul ti medi a. Satellite | Reinforcement | Recommended Not RF Carrier Spectra
Waveform Waveform Recommended Are:
TDM TDM X Same or Different
TDM AETDM X Same or Different
TDM MCM X Different
TDM CFHATDM X Different
TDM CDMA X Different
CDMA CDMA X Different
CDMA AETDM X Different
CDMA CHFATDM X Different
CDMA MCM X Different
CDMA ANY X Same
AETDM ANY X Same or Different
CFHATDM ANY X Same of Different
MCM ANY X Same or Different




The power density delivered to the earth by TDM carri ers 227 saPSEVRHR 2Q0@s 12
and 16 can nade very high and hence provide excellent LOS reception by
radio receivers 14 in autonobiles and trucks when traveling on open

hi ghways in the country side and in suburban areas. However, in urban areas
where tall buildings abound, or in forests 15 where tall towering danp
foliage trees vaboumdshy LOS reception i s blocked, thus inhibitpogusssiisanl e
operation of the receiver 14 for LCS receptgl on. Atterrptl ng to overcone

t hese conditions by raising the satellite power is both excessively
expensive " "'~ -"and technically inpractical. Accordingly, a nore
practical alternati js.to augnent the dit OS satellite reception by
addi ng a network ofxggb?’%s‘f’?"e TS o (A8, D& §3LIE Ct°2{5>’ %‘PFﬁtFéJ ‘t”ﬁ‘e opgfatede imf

the blockage Ol feRinRC ?Yhﬂc‘g@fze{l]e sghdie e??%auloﬁcaél ngLfesstb

beneath the satellite 12 or a rent
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sub-satellite point ipherentl ve, decyr el evation angl gs and an
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near the sub-satellite poi'nt are permtted virtually unbl ocked
reception and whesforaedhenxhe dprmeast does| not edxhitir sevagsnmultépagh. nThﬁICOﬂH@MbAhe‘r)

when the LCOS el evat i @l ess 85
degrees, bl ockBFEBRYOT 8ffcg% |°|tf§|"ﬁ§§‘ “gn'equaﬁé%aﬁgggéagboﬁe“s'hm gﬁlAfl cant'c

Accordingly, t eidisiohistamedens adi ation for gap-filling is needed to achl eve
satisfactory covera e for nobile r%glo receivers. _In areas 30 where
bui | di ng hei ghts ar Bhe| GRHAITIM wavetogmpgan be) geagesdly amplemented apdd opecued
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sui t abl e nobi | FAYEUBLEIGAL Derersiveq by pdiogheretyest db dgsigrng; 1oousecibe faregh non-

requires a sysgﬁmlgcgq@mm&gﬁﬁ satellite LOS and terrestrial re-radiation
of the satellit veform 5 The DBS 10 of the present invention
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of radi ated power [ev rangi ng from as € as s for
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1 km o 10%km rach B CEMA s Rabcbee MBRFRBN APt psd GPRTnY &

'SI' ﬁtee:c : Ir;'? Ié%{) gﬁ#&ﬁﬂ; fdiﬁlgn{i/)ggtﬁ gﬁ%ﬁ&kﬁﬂd%naél%rﬁér%cﬂr By 98S §fah RSFthb &inpuv:
delays implemented in the rake paths at the receivers 14. Care must be exercised to
ensure that all signal arrivals from distant repeaters 18, multipath reflections and
different satellites do not exceed this bound. The waveform cannot be received by radio

25  receivers 14 designed to use the parent non-equalized TDM waveform.

The satellite signals can be transmitted from one satellite 12 or 16 or from two
satellites 12 and 16. Use of two geostationary satellites 12 and 16 sufficiently separated
in their orbits creates diversity in the LOS elevation and azimuth angles o enhance
signal reception availability. Also, time diversity achieved by repeating a satellite signal

30 from a single satellite 12 or 16, or by transmitting a signal from two satellites 12 and 16

with the properly selected time difference, further enhances the reception availability.



geostationary orbit (GSO satellite 12 or. 16 having a judpuisEpsiNBERE2E2t ed
| ongitude along ~- "''" ' ~~the GSO arc which operates in coordination with
a network of the terrestrial repeaters 18. The second enbodi nent invol ves
two satellites i2 and 16 having different 20 judiciously spaced GSO

| ongi tudes to achi eve space and tinme diversity. The enbodi nent for a DBS 10
usi ng one GSO‘gggﬁlngzte 12 with at least one terrestrial repgatRisoshQadeS
shown in Fig. or I'llustrative purposes. For each terrestrial repeater
18, the LOS satellite signal is received byan antenna 32 operating in
conjunction with a radio receiver 34 to denodul ate and recover the digital
baseband 25 signal fromthe signal radiated fromthe satellite 12. A delay
3I ock 35 dgl iays 'E h?neactd)or%hndé gvittal a t}ﬁsfeh’adldexﬁli@i]lcfméntbyfh tthe @B@la}imﬁn@hti&ri,nﬁd
iversity delay (if any) between.transm ssjgons fromthe satellites 12 an
16. The di gi t al"2YAREhSHAPESEE Frultiple & ﬁfgﬂﬁf PN gvish QSKe ek QRSSy S orapcial

nodul at or 36 t g ﬂﬁéﬂe i .S ) ek G I j - t O
make possi bl e @ﬁ’éfﬂ ?ggérgbﬁ;ﬂgfct e %ﬁ’\g? Iﬁ'&s‘e%‘e{‘n%}qgi %%ﬁ %ﬁﬁh(%ﬁ%th .
wavef orm 30 hagasethdentlier anssmissiondof sigmlt hent ersaelite foal LOBpeapasn b8 andadio
received by a radio receiyver 14 The.nodul ate veformis then fregg%r&iy
translated o &C'B%ﬁ"_r?. rf é‘ﬁﬁ&h‘c}e‘éﬁﬁ’é‘“m“z? 8 Efnplemen YIE4YE02 M 3
PCT/ US98/ 14280208l nf (46 denedSol Aty CAtTAOMOY:: R4k o33 ca}g'&tgt 8 556 Bied! Mbit/s.
re-radi ated waveformis specifically chosen to withstand the dynamc

mul ti pat h encoMGMnepretergily implemented syluctntregas betivean#99randHE0Q mahiphd carmers
antenna 40 and, the receiver 1 This . tipath ig caused by.refl ections, and
di ffractions fP% meﬁﬁoo(‘feafpoﬁﬁﬁscg%%sf E(Q,Fggrutff@ﬁg%{g aﬁﬁf%@?ﬁ‘?&é‘“ % L HRnEClion i 5
and from tropopghsr esiteimgir ndiyiebal Nstriodfl beewédnOP® anth80APE. e uatd ihrval of
desi gned to have high gain ( > 10 dBi) toward the satellite I2, while

achi evi ng 1Qw bexiweeni A5 otoh6p miicraseqondnds ducledednhim eachesynd®lspegied! The MEM ved
with lowinterference .an u very Hi 1 [ rfor rate <
10, The demplaI et AnroRe 0, SRbinnoflel el MR fechueay, Gl aabR ¢

t hose desi gnedmfultipatth€ohPohddts bévdieting atviluacsusid Pagduting tid rdiBibly Gisahdbo
described in the aforenentioned .appli cat] erial No. 08/971,049, fjle
Novenber 14, 19gmnatgbdls ofgaiss ¢ éﬂg@rstﬁah"%ﬁlﬂgltcﬁé@wﬁ%aeéuse edate @ 2 (vAlue 8t 63
Moit/s QPSK npD of i r at L eV ielt
baseband is prg#g?gﬁby/ a 3@%?%?&? QM 8‘%’3 ltﬁﬁa‘%l &\;\g’\fe? W%g\%x%ﬁe%t%?%g%% }:att
carries 96146 ki telestedrnumbebiof FFAtgeneragdtspinbok periedssoqrgade 2 ectansndoarecover

br oadcast 15 channel s,. gnd side,infornpation needﬁd to .Sénc[{k;rgni ze, )
demul tipl ex andRAohPeHPd{HRNE AGd (REEEr FRIGART SIehEPTZRHOR o 1) BR JCEHEY hat .

The terrestrialiay &fO8BdROLLIRE 8cod @peidrhisly WRYRIeAIY kb &l establi@@REbAL 85 1S

designed tg al| ow reception uninpeded by the -- - -- . multipath va?ari es
i ndi cat ed” at” 4bit ghirs prncrused aisthe irepeatsn By g velleas el iophe biss wnwgrcg.bmésg Be
mul ti pat h-tol e for e i j T: gﬁpg-' V 1 zed
20 nul tiple ca?r?%htéer Y&}f{ggﬁ%@y& Sotﬁgtg?g%\n'\{ﬁ%gggg%{ %@glye'gaméﬁe?z at |'gn'?‘ l‘é%g@h!;
Fourier Tramsf Ridwintd hiavp beencrinciueed amtle kapeiranisand CDVA wi th rake recei vers.

The repeater 18 is uji pped to gssepble th | tipath-tql erant. waveform to
frequency convert t'ﬁgMNa?\?’é?eér%e et Vﬁéfspféggjﬁ%ﬁfé@i‘&t@?“‘fs?‘gﬁ%rﬁj@t datepE
frequency at t fliz?a“r‘.io‘?xcs{eﬁ% H8Yb%r/9}1‘?0’43', fitf;H"N bR 14, 19975 .teREire?’s%Pje& theP of
radi ate the wa orm from ant enna 40. e 25 antenna 40 is preferably

configured to phithi ehepeby idbrpeeited trreinrbys edérencedior et parpates.pr Bpdlyatwidn i n

the horizontal plane apd high directive toward the hqrizon. The net
reference to F?g 2, t?\e broadcast segment 22 preferalgg' 1n8udes encod]x-ng of a%roadcast

25  channel into a 3.68 Megabits per second (Mbps) time division multiplex (TDM) bit
stream, as indicated in block 26. The TDM bit stream comprises 96 16 kilobits per
second (kbps) prime rate channels and additional information for synchronization,
demultiplexing, broadcast channel control and services. Broadcast channel encoding
preferably involves MPEG audio coding, forward error correction (FEC) and

30  multiplexing. The resulting TDM bit stream is modulated using quadrature phase shift

keying (QPSK) modulation, as shown in block 28, prior to transmission via a satellite



antenna gain is expected to range from 10 to 16 dBi. The ants=pnEMBER 2002 be
| ocated on top of a building and/or on a tower at a desired height. As
previously mentioned) the radiated power |evel can range from1l to 10, 000
watt's of Ei RP depending on the 30 application. A particularly desirable
mul ti path-tol erant re-radi ated wavef orm uses 27 SEPTEMBER 2002 WO

991 49602 - 14 WObbMEIB/ 14280 nulticarrier nodul ation (MCM . THoa/usesieso i n
whi ch the waveformis generated is shown ip Fig. 3. Adigital stream such
as the 3.68 Mit/s TDM streamis time-domain divided into a nunber of

paral |l el paths (block 102), for exanple, 460 parallel paths with each
paral l el path c?régi ng 8000 bits per second. The bits on each of these
paths are 5 p&PHB Ynto 2 bit synbols with one bit identified as the |

(i magi nary) conpon . Real)i; i G | ex
nunber. This creat g?hg%%glrlr%?ggwse C(gl'r:a’%‘resta[{H gggfa &ZLOC S)IB%?HIS:}%J@%%Y;B%%Q%&LE&S
are fed as 46@opsiblaln etmg ohyieernyveundreof folazpowrc o dorfohiagneintwavapovs. Thisa
Di screte Inver.sg Fouri e[ ,E@S/?sform conyener i.npl emrent eq] usilng a 5'12

coef ficient | AYBTEEeENG® (CREFIeTPEf PG ORTAYI P PTIEs £ach parsllice peaveling wuays
the 10 curgentyisd @lopedie &h@ satutarddPwer Bezfuii,so_bhiaoWitseﬁosiréfﬁa_&mrpe?aahg?&hz.hm
must operate with 2 input and output coefficients where n is any integer.
Thus, for n =The TOM: camrr i8j hexpicahapplisaer ipfdevgneifiocdediversd¢ priagobit trive

remai ning 52 nissing in coef fi Gi.ent t | _to _zero. is i,s done
by assi gni ng 2% %’3?’%5’ve§%%53r§n e¥6f %?g’n s&%@’ %‘g% O%ﬁ%g rﬁ“?)opéerc%esr lgﬁ%cafegv%fér
most | FFT i npyhs bedotusf tleavduéllitet 17204 G6. CErdhat bn€ @6 felght ipeitdeSrags ficesn@arsliret O
non-zero val ues. The output 104 of the IFFT is a set of 460 QPSK-nodul ated)
ort hogonal si BECUPSS 19 FensEiits afpedcast shannek uf\cbreadrasi shinsgl warks dividetbmemal
carriers, ,@ac L) f 0 r -consequently
havi ng a slénbo&r%g?%gm& &aﬁﬁéﬂ’@t g‘?ﬁ’%@b&f}lﬁg’ ﬁg@«%é{?@?g@gﬁg%ﬁ%&. at the

out put of the | FFTThOgower déiry delpkfedad eint arthtigt TBMEcaskdrs frgmasatetieszi@raad 20

The IFFT nulticarrier output 104 is further processed to creat.e a guard
interval 105 fl8ca Hﬁd%\é@t"yg‘f‘g‘hﬂﬁﬁﬁaﬁp?@%‘dgﬁﬂﬁﬁf“‘ﬁﬁf BRFPRIRA QY Srdin seserers 14
carriers (blogk auéigﬁl)obiléstan'dstr@cfﬁ Wred trtabéling%nféﬁﬁtﬂiémﬁ%s afzh@caw@wide%a'md Ts

is to be allocat to guard tinme. To do i ol duration nust be

his 'the s
reduced to a wvelpurbarTareas. (How}veTsin wban taeas ewenpladl bwhigigd abewhdalpove fawsts 250

acs. |If 25_% of, the nmbol. ti is,fo be al]oca uard.tine, 2 hen f
28 55 hng 1o Srhetd) all {8Ering, ' Jiioey Fotiafe fiee” ebRh TRV EiPuth T oI GRed Y ey
is stored in anKIBH®E YuRNSE Yopékion, ofStRNEcdite@N1 Plery EDSPREpLibA. ABémPria® 1o TO

fill the 250 acs synbol interval, the first sanples of the |IFFT output are
agai n pl ayed loxemcowns thase conditigns by raisingythgrsarellise pven is by excppsigelsdpensivauses

: in. 1 . : £ . Liplicat
of (1o1y-1 rnd BERB Yol . Wabordils, 4 Hidck Pt Mddiee & Bl fe ' on
out put i s nul tdigetdleds fayellite3dcepriomby addisg OferdO0okedtEebriat rdpe@ddrst82. 453 MHz.

20 Concerning the nature of the blockage of LOS reception consider the following.

Locations directly beneath the satellite 12 or 16 (i.e., the sub-satellite point) inherently
have the highest elevation angles, while locations that depart from the sub-satellite point
inherently have decreasing elevation angles and an increase of the earth center angle
subtended between the sub-satellite location and the reception location. Receivers 14 at
25  locations that are near the sub-satellite point are permitted virtually unblocked LOS
reception and the need for terrestrial reinforcement is minimal. However, when the
LOS elevation angle to the satellite becomes less than about 85 dégrees, blockage by tall
buildings (i.e., >30 m) becomes significant. Accordingly, terrestrial re-radiation for
gap-filling is needed to achieve satisfactory coverage for mobile radio receivers. In areas
30 where building heights are low (e.g., < 10 m), blockages are not significant until the

LOS elevation angle is lower than 75 degrees. At the mid-latitude and high latitude
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mul ticarrier nodul ator processing, a synbol 106 containing a
synchroni zati on synbol is introduced periodically, as indicated by bl ock
108. This is done to provide the neans for synchroni 2ing a sanpling w ndow
of 187.5 ps duration at the receiver 14 to the center of the group of

mul ti path arriw@bsssenzery 250 5 p,s. Al so, a phase reference BgTUSHs/ 14280
differential reference coding of the synbghzjnfornation is al so added
periodically. The synchroni zati on and phasée reference synbols are
preferably introduced every 20 to 100 synbol periods depending on the

design requirepents. An.addifional featyre of the nodulation design is.to
puncture the Tgi"tﬂ“é i“f‘gi‘“ d‘@? é)?l"tg‘@ {Pram M‘thsml"ﬁéﬁe& afc ba susilisp f% el o)
at the input tp L oPdelBE FDROwLRREIUCReHBE o 1:0REveLARIMe Abbiff rd-Btion,
mul ticarrier waveform Puncturing neans selective, sparse elimnation o[}
real data bitsThagfuliyhatisattarsmobitrmeeqppibi erehutes b lagstdnm phat combiraesatdHite 10§,

Thi s can be done, for alfrac(ﬁi Ondﬁf the . bits (?f the streamin anticipation
that the forwat®f SFFSFalisridiziang thesicHie XgMIe8Y at the receiver 14 wil |

sinply tread the 15TRUDBSUES (R bfeseh® ifReaSm reddfiaePHeEDS thelhe sldHab fldgsat he
consequence of increasing the signal to noise ratio (Eb/No) for a desired
recepti on BER uiujugdicity ef tsyrestriabregeats 1&whishdranydisiousiy epacecharntd deployed mtithin
removed by the,punctyring. The desihan.for thg." "- - punctured waveform
propor ti onat el ercg'gﬁacé’saaﬁfé qﬁhﬁ\?\‘n’ey?“ﬁ mo?“?ﬂ%&ﬁ%ﬂ ?ﬁc%ﬁ?lg?'é SR FR 10 o
exanmpl e) if thgapintunt dbeerade. ThR tpd\bisdepRAiens ist £etuspRikel Vart/ B¥oterrdstral Wdgital
bandwi dth will al so bg re&gced tziy 751. For the exanple previously given,
the bit rate iandiehrradenst BO2Byadvslittelephone sysemsnand Fanabe psendsd iarcardance
1.84 MHz. ch i . i > : t {: catd ere
the avei i able FRLGHCRAS LIRRREEN S B AR pE-HRRGR Rt TOMERHLETIOS aatty

t he desired caphedéployretttiidizestemai dfxadiand powemigvdhEIRP)ahrging thomudstlitclans i er

nodul ati on techni ques 25 used hergjn can be found ip I nternational
Appl i cation Nokto %UFF‘E:%SF@%‘EB“P,EC ERGETDEY ,“QDEEV“EP‘%‘S?)GQ ppgreat as 100 1o
PCT/ EP98/ 021704 witld P81 LS4 or ﬁéﬁatﬁe?s:ltﬁdi‘ng W{iﬁpgﬂcl\ cdé raglqg'gmbﬁ/ km to 10

Fraunhof er - Gesel'i schaft zur Forderu e understood that the
terrestrial rebmasdins)described with reference to Figs. 2 and 3 is used to

recover a satellite wnlin i gnal., apd.t.a.denodul ate 30 reformt
e Tom o bhal vi o TReBsSRRLBERRRS fr BB B PR A B i iE T o
exanmpl e, CDVA, ra8liM) Ao HrATNribkd Hefow.0TRE flHitdembbdiaidht NAVEVER! one 27
SEPTEMBER 2002 WD 99149602 -16 PCT/ US98I 14280 that the DBS 10 can conprise
terrestrial refrosuenary 8rijh(GIP)anellisnl2ardaharing o judinousbolserad longspdantlens;
For exanple,_-tgrr, I :an: i I : I
gap-fillers V\hllq%h@ssrr‘%r eﬁh%ﬁ%ﬁ%gg g’n%]%rr&eag%g)?levé@ géﬁ‘?‘&g‘a\é@g@r’ﬁ?f reuﬁg?%%%? §on
t he same carrit8. TBe tshndakmbbdimensiigohles viot eateltites ViRl ynd t B hedig | different

repeaters can e, provi ded jch are non-co-channel gap-fillers which
amplify an ggféugwa%%ﬁi‘qﬂlogsl f‘ocf*ﬁglﬁ""tﬁpf‘?eéf‘ HOCCAYF 1% frequency via
frequency transl atig ehBofideR€lorGPPBS 1838 B5OCERNPA 20,k hE ISRt Bh i te
signal is not performed at the repeater. These types of gap-filters can be
used, for examprestrialepeater (Fisghowd)n &g, Al fonglurmwadwayosesiFpr edch) terrstral
radi o receiver 14 shggvn inrlr@f'g' 411. the nmulticarrier nodul ata\?ﬁ RFE wavef or m
10 i s recei ved B§f'th aHi%e 589 "i‘fpé‘g’f’ftli‘ﬁgrefeﬁv"éo Rt '%hOPé'i_rﬁt'd\ﬁ fbi se
RF front end 2%6%daizsﬁrwiaoa,m&i@qaciv@§94 hed a&m&li@%ana irk@Ver tHe&digTBll badeBand

frequency (IF) 2 second m xer 206, second | ocal oscillator 207) second

| F 208 t o 2%cougnral friom thelsignebradiaed froodthesatelite 8. r A delay hlagk|35idelayy therentire
denodul at or 209 recpvers ,t he i gital baseband,.si gnal,., To..de ul ate the
nul ticarrier V\g’%ﬁog’f‘?febﬁ"ﬂes‘g‘é%yvé ﬁB‘ﬁHP‘atoch"g? éiﬁ"eff&rys dﬁ}f‘}éio(ifaﬂ% gween
sanpl ed by a samhfifsiond fronftheSa@INees 12 ahdl 6. The Algitdl Basdb@nE Sigimil istsqﬁgam @& a

four tines the bandw dth of the nodul ation. These sanples are taken during
a W ndow of 18prgstsiak wduefatm onodukiter 3¢ shaspganpmates\a wavefenme vhieh tshpdidiewstyer
of tinme disperged ltipath afrivals -- "~ <. duyrin ch nbal period
once every 250 eéfgggltﬁntgggea?ﬁff‘é% dé"r’é“f"ﬁ’fye°fdh?/\ﬂ’g§%rﬁ’%ﬁ?‘@iﬂg&?ﬁ%‘eﬁﬁ?ﬁf ?veh%ﬁbr y
212 to expsnd hi3dEed Erahiificdtl Grdn® oY @rredtlisTBepbaiFR 1R 1A REREQEd b al Bl Peceiver
original 250 p,s duration wi ndow. These sanples are then processed by an
51?7 coef fi ci ent4. FiElie miglulated warsfasm istrherbfrequendy wrinslavgiiobi cargerr fseqwencphand
recei ver 14 next synchronizes to the TDM masterfrane frame preanble via
unit 214, demultiplexes and aligns the prinme rate bits via unit 215 and
then recovers the bits of a sel ected broadcast channel via unit 216. These
bits are then Forward error corrected using concatenation of 25 a soft
decision Viterbi decoder 217, a de-interleaver 218, foll owed by a Reed

~ o o o NA PN N o, N I 1



For a two-armreceiver 14, as depicted in Fig. 6, the MCM23iSPREEMBER 2002
received as 30 described with reference to Fig. 4. The QPSK nodul at ed
satellite TDM RF waveformis al so received by the antenna 201 operating in
conjuncti‘on with the | ow noise RF 27 SEPTEMBER 2002 WD 99/ 49602 - 17

PCTI US98/ 14280 front end 202, a m xer 220, a local oscillator 221, a first
| F 222, a seceuslooipgoar 223, a second | ocal oscillator 224, awsrasosensnd | F
225, to recover the QPSK-nodul ated TDM carrier. As shown in Fig. 7, a QPSK
TDM carri er denodul ator 226 conprises a QDé “denodul at or 227 which recovers
the TDM di gi tal baseband. The receiver 14 next 5 synchronizes to the TDM
masterframe franme preanbl e 228) denul tiplexes and aligns the prine rate
bits 229 and t#mpliffedcasiadisared &y thleck 3 ﬁl%@rré%tldde'mdmhﬁwfocmaﬁ[@dqﬁ@%%

bits are then forwar r 4Uuskn h nc atjion o sof t
deci'sion Viter %ﬁosﬂ’eégdgg{[ﬁsg%% g@ﬁ é% @ggi%tgr glﬁé‘“ﬁerg%d) Vglt Egeeéérggﬁnoain?%th
decoder 232, tlpetivestoser ridbtnittéroadanant40cinadnihel receivbi $4.EitiowriteyehttB(s dagised by
supplied as a second in é’; to.the 10 d cisig%gociﬁ)in r @i_t, 240. The
diversity conbrefigsionsend diffragiiongbiomy ang aroppd ohgaces suph asdauldiags 4t ppd terrain
subm tted for I ' . l:.s,dased on selecting that BC
which is reégoviel{r{%%%t{ o?ﬂ?‘%g%g?er@%gﬁlgie%%’%l?ﬁgt es of the error counts are
avai | abl e from t he 'Blof dntetemi Riiodesgatdtcshyyp lhighckalmy( >t he dB) tewaid theoedite 92217
and 231 or the Eed Sol.ompn 15 decqder,s 219 an 33 '&])g decLsi on. ig )
preferably mad¥hilf eohieying, onesain i othsg Airecrions fuc ééﬂiq“'e rignakis gereyed ity
of difference px $leREERLLaddIRosIBGIHLP Vel HiGY QlsIRF éi.é'._ hirforPRAC &S S108 TiReded

to prevent chattering between the two BCs when the decisions are '

nearly equal | yddmddulapor Ftkothereeckpaion elementsain thetesivesd4 laye thiase disigmadsior yhe

conbi ner 240 i ext,. supplied to the p rji-at e, sour.ce degoder 244 .to
recover thfe10 seﬁ@gc@ég’) I Cg'depfhg gifbod; ﬁén{)%gf iOf‘%d %glll"g Wt hgfﬁgcgkenfl%edGSO
satellites 12 gificatnvdekial Nel 08791 1,04 filed Peeberl@, 197 S TMMRadi rdckiders 88 aten
this configuration, two satellites 12 and 16 are se£arat ed by between 30

degrees to 40 drsignedso |reestiet thaed-68 dfjt/s HRPEISanedulasede TDM ebis streant.i e sraggseat s
a signal sent fro ; L.on,: t e .satel.] i repe he
same si gnal seht} P%?hg{hglem ggnégéﬂ?%g rﬁj&[slﬁe é@gﬁqégﬁ“ %‘g/l%éi?yééal $r’{gwgigergnni@t{ﬁv{gtsbt&rmch
as 5 to 10 25 spamndiac cafties sk kdfic/s paime dfietatd digisal dRnadisodbnizgapiatabedddan
space results in elevatiaqn angle diversi in the L pat.hs between radi o
receiver 1¥ ondtaﬁéeléa?r“éh“g?\_(‘;Pr}%%ar’i‘%a?"éa‘fqt %/‘b s}ffh%‘?&e’%ﬁm HB@%PH@%BV& the
between the tvpSaLE! dhahfelshiNde BRRMALRYESUITHS wrhestrlalTR 2@ fdd¥taror Feach
of these types of diversity taken alone Can significantly inprove the

avail abi l ity odnd the wStagrhat itf genemtesny designad i hlbow ewepioar uditipededcbyt He

i nprovenent in_ayailability.is 30, furth signifi.cant|y enhanced by. both
space. and 1T remglepaitt vegpriel st ot 28 g, BPieheT Bk 5o o o

i mpor t ant whenp@siBRbhhiRipa@rieleyi whtefofmd 1ra\a@iptivg equalizedSHIDMY, Bdiprive qualized
SEPTEMBER 2002 WD 99149602 -18 PCT/ US98/ 14280 area_or. in a rural area where
the LOS si¢hal mpltiptaesgder eqngacyt kpapersayels adappiseequalizgtipn Faprulf quaien d sansform
However, for c ' r i - @3 ta ildi ngs:
abound, terr es{;‘:‘?‘|Itgjlffl'J f%ﬁ%dﬁgﬁlﬂﬁko?ﬁ)hbg@gﬁg ?age a Cgélggssijpg‘lhf te)rgbéla%lr s
accor dance wi td&guigped proe asemblenshe nimultipatherobeedtit ew svefoeme b albbqueiicyt adnvarteehe
coverage for nobile reception. Thus) 5 this _tvvo-sgttel l[ite djversit

confi gurati on Bpefarreso she desired rpyadiater wansmuities, RE fraquencyjay ghe sdlegied poyer

configuration : f VErsi t e £l eC eld i
reception and ttéggrl:\'é;s?‘?elag& ?%_1%1%8" g%’e dr%cgag?a?%\r{\& gﬁ‘?tog d%ohqg‘tmidér?ﬁ

space di versi t anrgrmav40dsdpreferdbhie canbiguredttel priovids omhindiratignal orf seanr directeasl y
satellite is the one re-radiated by the terrestrial repeater, 18. oi ce of
the early si gnatlop@aaneasnafﬁg h@é‘F%FyaleP\lé‘Efu?ﬂ‘gF‘th Jl'ﬁaave tppards} r}wrlzm-g@’é% 8thg

at the repeat e&nrﬂrﬁxa%%int @%xé}é%&ﬂ!téf %g@“flr&ﬁ 18§80 30981 l?ﬁg antk i} 4cPdah BE 16 on
re-radi ation network is otherw se I'nplenmented in the sane way as previously
described for tdpeofsi gldingsatdébt o1 @ tewer dtgudesirédoleight. As previously mentioned, the
radiated power level can range from 1 to 10,000 watts of EIRP depending on the
30  application.

A particularly desirable multipath-tolerant  re-radiated waveform uses



Anot her difference between the two-satellite system and the SEpeRdEERe?002t €
systemresides in the three-armradi o receiver 14. The receiver 14

i ntroduces appropriate 15 conpensating delays via delay units 309 and 310
to achi eve simultaneous signal reception anong the three received signals
and inplement a diversity decision |ogic which selects anong the three
diversity signuP89/498e del ay unit 309 provides a tine " ' “PCT/USISH#IBR gty
delay to the early signal to conpensate fog4the signal propagation
differential between the early and late satellites 12 and 16. The del ay
unit 310 is preferably a 20 vernier delay to allow fine conpensation for

signal alignnent ,.: radi CR) .V Y Mool esi .S .Shown in.
Fig. 8 It incorug%%gr?%‘saga%ioﬁn@kﬁ ﬁ?'k’g#“’i ﬁ'(r)ag}éftrc“ol |%1}§e:rt AT V™ the aart#d;'sand
Late LOS sat el kshéven fi Bigad.s Awdigital areasni suchh ecthe 0168 iMitsit/s IDMbeteds ribdzelomain-
terrestrial re-radiated signal  an he o t _of the imum | i kelihood
conbi ner 240. Wé‘i‘dfdb’é)‘lol‘?%’-f éPgP"égléf’tl Buhs mg,loﬁafﬂrr?ﬁ?ﬁw' k@pim&ﬂéf PBROVHERNg
can 25 inprove i i The, .l S as
S7E T n Torme. SIC PR B R R e o e The
radi o recei ¥er piued istoe2)bit pypeleblswvith onevbit ideptfiadcas thhh(imsgiBdy) andp@Rat srvbthe
individually receive,a ecover the TDM signal s, fr the earl nd | at
satellites, reé’ﬁ&&l“l %@,(ﬁ%fﬁ(fo@gf”é@fg éc‘a’_@glig’f EH‘_“BFrOQ{FEagfat?fﬁa‘??%&qe’f o/ ol
each. This is dgpgf ko FGERoAR TIREEbME Sre TGO parilRE cSAPRx FRANMRE fRGuency
previously described for LOS satellite reception in Fig. 6. Next, the

br oadcast chapebefiignianputerd afecretednyarsedonnet Vragsfouh cpmyeries implemgrudd lyying

27 SEPTEMBER 2002.,WD 909l 49602 -19 BC |.YUS98/-142 I ni t 9 conprising
a menory devi cé%% C%"?fgaﬁm’l nv%?ee%a}sgs EP‘)’/‘{'ertUﬁ !f‘i}rs @ﬁgéﬁ‘yb@ 5y g‘l“fw\?\n htlhf he
synbol s of 19 he chiraadaesst wbad biek cleeFdsyBolurfet MRadsfem AdRithat @ldtidperatd GRAN"

Thi s can be done by aligning the two broadcast channels relatijve to one
anot her so as tapugandeupyr freffiseptsevinre nHeay 1wkeees dbusder kol InBat&l2pSesabl e

correlation spike [ 04, G T ' . 1 a: r ‘]
conparitor uni Itt hel ?\uq‘%% %e%ﬁ@‘wﬁ%tlgggg?hérﬁegg ﬁ’{égﬁgg“e‘%@“@g{ ﬁ‘gééﬁl{‘he AEX T rum
| i kel i hood comagubrio24dot Thaorbdobe bhesdigrigg A3 dehevilwed bodhdanstar cdasinngt s,
bit-by-bit, each bit expressed iﬂ”F;fft de[gision form_The maxinmum .

i kel i hood con¥PPRTRGSIAGEPYEiRatt & e WPHIt BFHHERE B¢ &PO dentry cArthEiRats dfsianrd s
Next, the qutpyl @hzEReyiTRel W%btﬂﬁ?'lbh%’%@m neL LFHQf 1480 @Pﬁl&-‘?ﬂ)c&ﬁt&f,‘e
input to the swtched 10 conbi ner '307, with the other input comng fromthe
terrestrial reorhdjabkdnsiagfimientsaduth/emsaurn 460 8arrdwdaoth ortbegaal wihrriets, daplput
is to be passed to the output is ed on selecting that, BC which i,s .
Facover ed i ¢ h e B et Bt 0 ek SPoE hritiuentBl w e bithdkbstod

t he present-i-nyepdd BN, NOBLrieds apgear vk sipaesdf the FEHT €04 fob eiet®effRic@ts that are
receiver chain 302 for the late satellite TDM signal) can be maxi nmum

li kel i hood 15 &5#B¥ahERIZ&EPE h t he si gnal fromthe terrestrial re-radi ated
signal recgiver ar : I i . i i

307 sel ect 2bf rom bg?%@Ffﬁ‘é‘ﬁg%?%ﬁ? SFE ﬁ:‘é?#ﬁ%ﬁgkcﬁgﬁeﬁ)méﬁggggﬁgﬁﬁg?ﬁ 40
anhd the ot her 403 forlthd e« sf ¢idabmpleaymbol @rrow( kang.orchogonal ‘carriers (alark 304)) It as

onvrTe Feboder BeTRRISE o y SR el e oo "
buf fering but | i L R4 ) = Ht el i 9
and 310 can be on] ooy Cpara ahat BOpedd bRy - PSS Hok e AR

stream howeveronsgieredaboné Tati250 us.dfjR6 Yecofeln snfbod ticenbicbedlobaed geardwine,
conplicate

Count s ar 6 Bhvafieol 025 gl o JB1- Ao P SOHScELE Y BbIHeran oBgput A6 g FBTY

decoders 217 ag@red3h OfmefBf every 250 ps and then played back in 187.5 us. To fill the 250 ps
symbol interval, the first samples of the IFFT output are again played back during the
62.5 us guard interval. This procedure causes an increase in the bandwidth of the
multicarrier output by a multiplication of (1-f)-1. Thus, the bandwidth needed for the

30  multicarrier modulator output is multiplied by 1.33 to a value of 4000 x 460 x 1.33 =

2.453 MHz.



25 Reed Sol onon decoders 219 and 233. The decision is nmad27 SEPTEMBER 2002
hysterisis logic which requires that several errors of difference exi st
before the decision is reversed This process is prevents chattering between
the two BCs when the decisions are nearly equally likely. Alternatively, a
sinmple switching logic may be used in which the switch always favors the
choi ce of the v&ohiewéizng the | east errors. Hysterisis is usedecnupsgssnt 30
chattering. The latter inplenmentation avoi_q§_t he nmore conpl ex maxi mum

| i kel i hood conbi ni ng. Yet another alternative could be maxi mum | i kel i hood
conbi ni ng of the 27 SEPTEMBER 2002 WD 991 49602 PCTI US98/ 14280 -20 three

i nput BCs (e.g., froml’ecei ver arnms 301, 302 and 308), as shown in Fig. 10.
The diversity conbi FERIBhwsomplets ghe mylicapmsrn medulptos cprorespiag.sa symbohri6
received fromt ' ' - :

br oadcasti ng aﬁ%ﬁ%%?@lﬁgﬁﬁ%? e o%iﬁgeﬁlt{)drdgg%c%%to ?ﬁ%l}é% élt?%&é?dgb aHoclfhe
third signal i 908.€tlds iseldné roproxids the meastfor sinchemediger sabplidgi window of 187.5
rebroadcasts the early satellite signpal. Th signals are receiyved by
recei ver arm 3¢4 dF‘B"F‘O%{ ﬁ'et%éé?cfjversgfré’lg‘?‘ls f%“i’?&s‘;ﬁ%‘é’é’ 98# 1Rt arpvals every 259t e
satellite 16 and A@GehVifhhseaferdlks syibol A& Effelehrifll ARAnck SRS teenibolt he
repeater 18. The diversity conbiner 312 conbines the synbols in the three
signal s by maxiimformatidaelsi dlssodddedt payiadisally.ni Fe sPychrdriizationt ot phisk erefeaerpk es

f th nbol i .10 t.oput _h hi,ghest. babi.l it f
?epr ege?\%/i ng tﬁg'gggllrs I@frég%fle ef#’gﬁg‘ﬁ‘iof‘@%gpeg’f/% vFeo eﬂ@%ﬁﬁ%{*°&2§ﬁ?§g ‘Pé, oh e

satellite 12 a@gsi%@ﬁgat@(ﬁenm signals are delayed relative to the late
satellite signal by delay units 309 and 310 to realign the individual .
symbol s of the thrednsdgiiana feasyrsiol ghe medulatiomdesign is orpunaspreche dAdMd digralp| e
a priori adpus f_t: i suffices t %%F

align the (legt p?ﬁe sg ar’?h%as lggllcggé g%ip'y g“‘%@Qﬁg%d?%O%%%el@%\ﬁ f%ﬁ\r? rgo ??ééilr% of
138 p,s. Thus, réduwe sl firghbankwidh dfhvke sultiakdert wavefoemBshauring a¥enseRerive, e

(MFP) of a TDM frang, i.s nonanbj guous._  To align the sypbols, of the three
signal s pr ec sefy#r@ﬁéﬂ;tp@?fea@gaéaa'agggfmg@ﬂ&% ?@aﬁaagé %‘itb‘h@fuwt ¢HET f
uning the -~ : . [ o
a synbol . Wthl?:?)'ngrlhﬁuced ?Xeﬂ?ié%]fgtrréef toogg}nﬁol go%%%tnﬁg}ﬁl%ﬁ?tdag%?ﬁ%ﬁgg

normal i zed 20 Yamiaatheeoaxerkaont fpheme gapalieds yirivid seceimer dénval mmply nrdahehe

back d of noise, and l,ated nultipath interf , (.S _cal t ed
romthe. obSer PUbS G as STREad saRrarben: SR hebie foaraieT ol IRERaR e

(B), late (L) amdalr @pgsiteeraidSEYNIABr i ddsieéd (dabptindBBR &bjedeRk by The 3 dB,
respective signal sanples of the synbols for the early, l'ate and gap-filler
signal s are thdepandingiqn eheelgackgn tafdiivs remevethbe thapuaguring' ' The degigy: for she

"1, which ined QU5 =5 thl -Wwei gpt.j
haohci at ed v t REAGufed SSeARE gBShorfbudly seilites st Bodndfidlk BF bl BEL Pl
with early symasddulitiof.of@r ekamplef ifehavbit ghdeiof ghé TOM Istrass o teduedd by 73% gahd y

synbol SG 30 The wei,ghtjng factors_are inversely proportiopal to the
estimated V8ri Qh‘&‘gﬁggﬁv"% 0 bexrgdug %EI‘Z/E‘ERFQD CV@‘@QPEFQ’GB‘ZG’-E'F“’ ‘heq’“ rate

is reduced to 2.76 Mbit/s and the multicarrier bandwidth to 1.84 MHz. Such bandwidth
compression can be necessary in applications where the available frequency spectrum
would otherwise be insufficient to carry the desired capacity.
Further details concerning the preferred multicarrier modulation techniques
25 used herein can be found in International Application Nos. PCT/EP98/02167,
PCT/EP98/02168, PCT/EP98/02169, PCT/EP98/02170 and PCT/EP98/02184, all
filed on April 14, 1998 by Fraunhofer-Geselischaft zur Férderung.
It is to be understood that the terrestrial repeater described with reference to
Figs. 2 and 3 is used to recover a TDM satellite downlink signal, and to demodulate and
30  reformat the TDM signal via baseband processing into a different waveform using, for
example, CDMA, AETDM, MCM or CHFATDM. It is to be understood, however,
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LOS reception aoljuffer memory 212 to expand them to the 460 complex time domain samples in the
20  original 250 ps duration window. These samples are then processed by an 512
coefficient FFT 213 to recover the bits of the TDM bit stream. The receiver 14 next
synchronizes to the TDM masterframe frame preamble via unit 214, demultiplexes and
aligns the prime rate bits via unit 215 and then recovers the bits of a selected broadcast
channel via unit 216. These bits are then forward error corrected using concatenation of
25  a soft decision Viterbi decoder 217, a de-interleaver 218, followed by a Reed Solomon
decoder 219, to recover the broadcast channel (BC). This recovered BC is supplied as
one input to a decision/combiner unit 240, as described below in connection with Fig.

6.
For a two-arm receiver 14, as depicted in Fig. 6, the MCM signal is received as

30  described with reference to Fig. 4. The QPSK modulated satellite TDM RF waveform

is also received by the antenna 201 operating in conjunction with the low noise RF



a satellite signal at a radio receiver |ocated inside a buyyl seprgMerr obdrer
structure is generally not available, unless the radio receiver 14 is

| ocated at a window in LOS of the 10 . satellite 12 or 16, i ndoor

rei nforcenent of satellite signals for nore conplete coverage. As shown in
Fig. 13, an antenna 452 can be |located externally with respect to a
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repeater receive antenna 462 at a level sufficient to create instability.

The. transmit adiversicy id6lte Q8 ipathe beiween poadio receiver 14 on the earth and each satellite 1

and 16. The time delay between the two satellite signal arrivals results in time diversity.

Each of these types of diversity taken alone can significantly improve the availability of
the LOS signal for a moving mobile receiver 14, and the improvement in availability is
30 further significantly enhanced by both space and time diversity. Space and time

diversity are particularly important when a mobile receiver 14 is traveling in a suburban



20 over an aperture of length L sufficient to cause path |EngtbreizERRS02 Y
over several wavel engths between the transmtter 464 and the vehicle's
receive antenna at the carrier frequency. As a vehicle drives along the
path, the radio receiver 14 therein receives signals conmng fromnore than
one terrestrial repeater 18. For exanple, in position A, a 25 vehicle is
nearest to ter Jadgdd repeater 18b and that terrestrial rep%ﬁ’iﬁv&ésﬁ]‘tﬁogna'
dom nates and be responsible for reception., Sighals fromterrestria
repeaters 18a and '18b are | ow because of st ance and ant enna pattern and
cause little interference. If the vehicle is at position B, the radio
receiver 14 therein receives signals fromboth terrestrial repeaters 18c
and 18d. Since dréveordinst angloseaawbenaahe LPSaignal blockage asghiano bgidgdsatre@GintiHew
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feet,
' 20  vernier delay to allow fine compensation for signal alignment. The radio receiver

diversity logic design is shown in Fig. 8. It incorporates a maximum likelihood
combiner 240 for the Early and Late LOS satellite signals with a switched combiner 307
between the terrestrial re-radiated signal and the output of the maximum likelihood
combiner 240. When both signals are degraded, maximum-likelihood combining can

25  improve the quality of reception. The improvement can be as much as 3 dB in terms of
threshold E,/N, when both signals are equally degraded.

The radio receiver 14 is equipped with two receiver chains 301 and 302 that
individually receive and recover the TDM signals from the early and late satellites,
respectively, and selects a desired broadcast channel from each. This is done for each

30  received signal in the same manner as previously described for LOS satellite reception in

Fig. 6. Next, the broadcast channel signal derived from the early satellite is delayed by a



the distance d is 180 feet. The height h is preferably relxatsmakryBEmabd2
when conpared to 25 distance d so as to cause the difference in distance
bet ween the vehicle and each terrestrial repeater 18 to change by an anount
suffi'cient to assure that the signal level fromany one terrestrial
repeater is attenuated by 10 dB or nore conpared to that froma terrestrial
repeat er imre&j,@gﬂgyozoverhead. The length L is preferably bgiafgsmke 10
feet to provide sufficient path length diversity at L-band frequencies. |
an equalizer 30 unit is incorporated in th? vehicle's nobile receiver 14,
the tine difference in arnval can be extended to several synbols) thus
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division multiplexing. 3. A systemas clainmed in claiml, wherein sad

satellite 4bgnedmbigedroddil theetgniahframcthe demestriahire-tndinted agrsd remayenfirrn| 398, as
division multi B‘lno%s)r(r{ ﬂlgFlgnéj ‘I\'gt(ilse,'\ tl%I s\v‘/rlit%ﬁe%nconm%lirgelr %}ag(ellegg'from between the output of

the maximum likelihood combiner 240 and the other satellite signal receiver arm (e.g.,

57~ -arm 301), as shown in Fig. 9. The delay units 309 and 310 can be configured to store the

entire recovered bit stream for delay purposes, which requires more buffering but

20 simplifies combining. Alternatively, the delay units 309 and 310 can be configured to

store only a portion of the recovered TDM bit stream; however, synchronization
requirements fo.- combining become more complicated.

With regard to switched combiner 307, estimates of the error counts are

available from the soft decision data supplied by the Viterbi decoders 217 and 231 or the

25 Reed Solomon decoders 219 and 233. The decision is made with a hysterisis logic which

requires that several errors of difference exist before the decision is reversed. This

process is prevents chattering between the two BCs when the decisions are nearly

equally likely. Alternatively, a simple switching logic may be used in which the switch

always favors the choice of the BC having the least errors. Hysterisis is used to prevent

30  chattering. The latter implementation avoids the more complex maximum likelihood

combining. Yet another alternative could be maximum likelihood combining of the



20 4. A systemas clainmed in claim1, wherein said terrestyi sdpTERepeabes2 i s
operable to nodul ate said terrestrial signal using nulticarrier nodul ation.
5. A systemas clained in claim4) wherein said terrestrial repeater is
operable to receive 25 said satellite signal and to denodul ate said
satellite signal into a baseband signal prior to nodul ating said baseband
signal using myddersdet i er nodul ation. 6. A system as cl ai med p@rGdogiikasd .,
wherein said satellite signal is assigned a il rst code division nultiple
access channel code and said terrestrial 6 is assigned a second code
30 division nultiple access channel code. 7 A systemas clainmed in claim
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uncorrelated multipath interference, is calculated from the observed samples. These

variances are calculated for the early (E), late (L) and repeater 18 or gap-filler (G) signal

symbols. The respective signal samples of the symbols for the early, late and gap-filler

signals are then multiplexed by their variance ratios (qg)" , (q)™” and (q¢)" , which are
25  defined as follows:

(@e)" is the weighting factor associated with early symbol Sg

(q)" is the weighting factor associated with early symbol S

(qc)" is the weighting factor associated with early symbol S¢
30

The weighting factors are inversely proportional to the estimated variance and are



|PEA/US 2 .~ M~~~ 20n0 -28 11. A nethod as clainmed in claim §8preMeek o0
conprising the step of generating a guard interval for said carriers. 12.
met hod as clainmed in claim11l, wherein said generating step conprises the
steps 5 of: allocating a fraction of the synbol period corresponding to the
duration of each of said synbols to guard time; and reducing the duration
of each of sawdbouseepl s. 10 13. A nethod as clainmed in clai BckRAsoafigseei n
sai d reducing step conprises the steps of. storing said outputs of said

i nverse Foucier transformconverter in a ?rérmry devi ce every said synbol
period; and reading fromsaid nenory device after each said fraction of

sai d synbol period h_ as elapsed. 15 14. A nethod as clainmed in claim11)
wher ei n sai d gonoalived suchghatp furt her conprises the step of filling said
guard interval with a subset of said outputs of said inverse Fourier
transform 20 15. ﬂErrechhoa‘:'as claimed in claim210, further conprising the
step of inserting qumé}‘(bg’magh@e )synbol every predeterm ned nunber of
sai d synbol periods to )/nghro ni ze sanmpl i ng wi ndow corresponding to said
fraction of said sgnbd& |+oGLvh§d;12)respect to said carriers every said
synbol period at a rece 2 plurality of multicarrier nodul ated

si gnal s. é 16. A ﬁ%th y@é cl & §%| Ej| n claim10, further conprising the
step of puncturing said tinme di VI sion multiplexed bit streamto reduce the
total bandw dth associated with said carr iers. 17. A mnethod as clainmed in
clai m 16, wherlielr sim eonstinseshe maximep lksliboads ssior qembinedpsystbaly  Jdiesecarevel y
elimnating bi

o ovi di ng- Sai PGy Rt el bR/ IR BUGPEE, Bl Blo A RCYEs. ©

t ransf or m conuey, 'f:l&rcomponémsf)f Which halle. prevl&YslyeEEfr b d’4Wd2e in éohmbtrich Wich 14
2 8 0 IPEAlUS ¢ ~ i Y~~a~ 2000 -29 18. |taI dcasting system for
transmttilflg &%rdalfcsSOVLi g’ﬁa‘F‘a’“g‘&F’d like éa?fws?og&&wdoéﬁﬁ ols by Sesitiond
from an earthtps&gg hgn) conpnsrng: a Fu~t satellite configured to receive
sai d broadcast sign fromsaid earth station and to transmt a tine

di vi si on nul ti pl ex@te dateesityicombaieqsladwrc ompig. 42 digst saimbires ogdaasecediedfadm 5 a
terrestrial eat e figyred to receive said satellite and to
generate and ttg'arfsﬁfr{l'f a}ataéaﬁé’s‘f%bi a #&Hﬁlmf?%‘gﬁaﬁ&“‘sé}?ee?qi??gr‘?#@"ﬁ%ﬁ‘g 2
conpri sing saijge RERANCARL rediliOffthis S Akt doRABIRIL By ﬁﬁm?duﬁf‘ﬁit PRI R HTH W ed
by said terrestri a repeater in accordance with at | east one of adaptive
equal i zed 16i rmfeqstpwrs pbm«mﬁrbﬂ pgrak g has dhey enwransmicgddrycy ghpfifemepeatents ve

equal i zed ti I i Sion nul eX| ode ,di vi si on K
ol 11 carri or MRAHRAT B ety ThE K SR Y sRhlRd R btk g
claim 18) wherké furlyahedllisd tied ﬂete‘i@r slrn@a@d folr She lhieaitshitd Jxﬁcthasécage:aar&i scmtfor

carrier frgque and said terr E‘?l ngnaI is transmtted usjn
second car nef ™h¢ é%ﬁlYe%%’?ff%&f‘Sq“E‘e geReatsr 48-f iIhgmaampmelike ihood

frequency. ._ 15 (’ﬁgers{tbjf dihihal 419 g&@é@h‘ Q?mﬁé’l? BP{B}% uf; la%l ﬁ?edsatenhtgl hiB 18,

further corrpr|5| ng at 1 east one ra |o receiver con to recelv sai d
satel |i t e 20i gnalthasathesmarthet descrlsddr ibave i gmmlecucmawdh rcathbiner 8¢2iiv &g, 10 for

Conot | one’or Shikasgdd ﬁx{%?“enb?ﬁaﬁﬂeaﬁ#@ém IaBpfBag 1 e ouiryhaf uosof e A
digital br oadqﬂ§ ;g %?%555? th%ﬁégﬂ%ﬁh&ﬂlg“}ggl conprising a

second satellite ure ece sal cast signal fromsaid
earth station and Tbe resallnﬁn'nturm ﬁéamm tomiginet]! with ithoan frond thie pérzesenial sepeatet i t €

| i.d b d |11t | b
el ayed v th nodeBipymBEN i apn 7o Vibi' O Gk i, Bure e e D e
delay. 25782. idli260 tidde RIQFRC-A&dBM $HIBA BediSiond RirMBledtite Urodd¥hst khaddél t her

Corrpr ising at |east one
frame of the signals applied at their inputs. One unit 250 makes its decisions on the

output from maximum likelihood decision unit 412, and the other unit 250 from the
signal received from the terrestrial repeater 18. These decisions also provide the number
of errors made with each decision observed over the duration of a broadcast frame. A
30  BER compare unit 414 operates in conjunction with 2 minimum BER select unit 417 to

select the symbols of that broadcast frame with the least error, as determined from



radio receiver configured to receive said first satellite 3 ¢aptEvMeBRI 202
second satellite signal and said terrestrial signal, to delay at |east one
of said first satellite signal and said terrestrial signal in accordance
with said selected tinme delay) and to generate an output signal from at

| east one of first satellite signal) said second satellite signal and said
terrestrial siwoad49s@0 23. A digital broadcasting system as alcaiusesiias
claim 22, wherein said radio receiver conprjzses a diversity conbiner and a
swi tched comnbiner, said radio receiver using said diversity conbiner to
perform maxi mum U cel i hood decision conbi ni ng of said first satellite . ~
~" Jr~ StICC 1 ft~. 27, SEPTEMBER 20 et ~ ~~1 ~+ 0
30 - | PEAI US 2 impuss ffygm. ‘é‘éﬂﬁb‘ ?E&&Plt&ﬂd7§5§d2§%cgﬂd“ﬂ%‘%ﬂqtl'§‘é ngCE Y éfﬂ%i’
sai d swi tched r t

conbi ner and sgl?%q %lge%r (taﬂse??a? ad %a%qfl%?%g%g%\eoaaﬁ& tﬁ{:ﬁaﬂ‘ qgggl g@;o%ltl(%oﬁw tcg)f
sai d diversity reaighicher uainddeylmbelsneshermaﬂynsbogrmhe baiacitléree |vaias thensymiterls of

bit errors. 5 24. A i tal broa cas em as d.,.n claim 22,
wherein said r&geed g‘é’gf therlate safst 'it%eé‘\‘%gﬁlf‘%él‘%‘f‘flﬁf“dﬁ??g??&?edthf%é‘r & 5#pe as
maxi mim Lke'F' hQRQd@&ﬁb&dfaszmmﬁemat%&mg tbu~st satellite signal, said

second satellite signals and said terrestrial signal 25. A receiver for
receiving a br oadcal;t agriogisate iwitha anethiit awdcts af ¢ht ipresentnivertiomsary |1@d0010'e

di gi tal broadcast. St & re.ar r receivi

a first satell |ri' g?(é SQ n?‘[dg‘i ?%'rff g"f‘{r?t&i “ég Yf %lgceor?né rfﬁepté?“o
carrier f Feque'lcéétell&éllsiknﬁll &Sh r&&ibexiel:é&& BtAed linG @R HuHdNg Sr2iotheP I sDRAEBGAS s
signal and being nodul ated in accordance with at |east one of tine division
nul ti pl exi ng argdn lzdwz ayailabliesyndess therradipirggessier ddy is locarad at a mgndave éeLOSof shem
conpri si ng f eri o) br a a _second
receiver ar fS?te celo\fllﬁgiggo ret(ré’(ra\é%r ?‘P‘gﬁ‘%gﬁgﬁéﬁe sfgfnansmlﬁé &og\pgeﬁ? Goverage.
terrestrial stationAeshdwsar G 18240 dnénnb 462 YN by locad ekcb@all e Slith @bpesd @nal
conpri sing sai d br oadcast S}xgnal and bei ng rmd Ilated in accordance with_at
| east one of adapding & ayweAchEeLOS Fecegtion 9f stelhie sanglsedt mgpd Bdhspripnd unic
frequency hoppiy mﬁl‘ﬁ’!

di vision mul ti p?gisfcﬁgl%t&eﬁg nmul t |t%:rgl§(r1|5iewls g'rkom{éyaﬂscg%(!)e%gghf g’céﬁ? "-S\%fej(r?f
arm conpri si ng the HErypnduhat thar domrainexhe esenund f&quehcjn rcomdnasitthe saelbite; signalbard

conbi ner for efating ap output sjgnal fromat |east. one,of_ said third
satellite &P gn Y Lavy tvéWrE’ 'f@d&a nOIS M 1Bercopnecting eably ¢3¢ 1s provided top g

in claim 25, Yhd Ehecs@gmr 1:5hPGurpie bPiHeQuh&CRF Rdnt @ﬁdﬂxfn@ﬂtsf{ &Pﬁi Yty Elfzé'i‘ 458.
second satelllte st gnal” From a second satellite that is del ayed

respect to sai dieiamplifierd581id qomeecscctma:l reirgdizgtogomtams d6Glocsrediwablrethe édlldtngre

bei ng. modul Ated 1 36 APBU SR ERERAP PASR ARy O Do e B Pk

di vision mul ti pbvekitag whéh eofidiagd, @y\/ths|aﬁfknﬁhl|460,plse§&fﬁtganerf8|p2:Y1Qﬁ Alsfabl
first satellite signal) said thj rd receiver arm conpr.i si ng a dermdul at or
for recoverdPng iBdaog reseprianias r@@rmpwerarﬂle power develrpapied gy she @penng 460 5 -~

14 2 8 0 | PEAI f.on rst
satellite si gngFﬂ%mmgPﬁgh 3#(%:?‘\% sal ‘gﬁ#naﬁecfe\é%ﬁﬁ nag kc)i"gﬁég%lmslglhcf n{)ilnner
bei ng oper abl e thoLO8bEtRtsekice, but potisohighnalvo tasemtabiliepby sighisls pfurnad By first

satellite signal, sal d secqond satellite signal and saiLd terrestrial si naI
5 27. A met hod PREY batwesnsthe dp Q‘P@a&‘eﬂflbééﬁ: o8¢ gh&ore 8t EhertgeRigng @BtEnKas

conprising the 'ﬁ{u‘?,%gl?flsolauon (i.e., on the order of 70-80 dB) is preferred between the indoor

25  antenna 466 and the outdoor antenna 452.

Reception areas will be present (e.g., through windows or other openings to the
building or structure) where indoor re-radiated signals combine with an outdoor signal
transmitted directly from the satellite. To assure that the combination of these signals
does not occur in an manner which is destructive to signal content, the time delay

30 between an outdoor signal and an indoor signal in the region of combination is

preferably less than a fraction of the symbol width of the signal being transmitted. For



nmodul ati ng said broadcast signal for transm ssion to sai d 2RdEPTEMBERI2002 as
a first signal in accordance with at | east one of tinme division

mul ti pl exi ng and code division nmultiplexing; 10 transmtting said first
signal to said radio receiver froma first satellite on a fu st carrier
frequency; nodul ati ng said broadcast signal at a terrestrial station for
transm ssi on wo9%a%d2 r adi o receiver as a second signal in acexvukasiceson t h
at least one of adaptive equalized tine divgsivn .- .., ._ nultiplexing,
coherent frequenry hoppi ng adaptive equalized tinme division nultiplexing)
15 code division nmultiplexing, and nulticarrier nodul ation; and

transmtting said second signal.,to said r.adi cei ver from sai
errestrial st SAUG At &sRui mickEpf fsrot Pitsle A aireonds, arresElan bertesh
said first carkpgrd i6CAHRNYnds’An K OREROd The Ginfti ARG ik Berek Ay B fo :P{&l%&@' n

the step of nodulating said broadcast 20 signal as said sec%’r!d si gna

conpri ses the siquped 60F: a signabity tragelshe gath camprisingrthe oatdooapukenrer 458 stheicable
station; and perform ng basehand processi ng ,of, said,first . .sighal prior,to
rodul ati ng | ' GERF diEAds EREHDATrYA Al GHBTGY et O Hehanit o g the

di vi si on mubti pld%} Menfaiaer AnbiHer daMP BENHRARRAE SgnaR SRl HEmARMRAUSF R tdnni®

di vision nultiplexing) code division nultiplexing, and 25 nulticarcier

nodul ation 29. 449 woethh aetlieseceiven Hein amarer soviereddhy the indeer antenas: i Blingme Helagt ep
of receiving said first Si I d i 0 i i~d radi
receiver. 30 SS.Prﬁgcf’?éfyh%ngy g@@fﬁ&nﬁ%ﬂ%ogwé ‘g‘r %qﬁg’, %%?rgté}rl&?ggnﬁ?&ssfcﬁadﬂfﬁé
step of denbdubgysengirc@kith dlie syaibdl wédrhiiv 84D danostomisgnal and said received

second signal to renpve said respectiyve nodul ations and to recover a fu~st
recovered broadcast TB GHEROS®: R aoteErestsial| FoRSaLeR, & Ky rapeadis1§BA teresyisd from the

respectively. = H = e o - 02 4,~2~H W .~ % i
e o o8 sl ml Rrcks whep e Sgnal ) G VRIBRIEE A dpllpliory Bl
30, further coeetesgiahgepediersI8apmayobe placeer donggradwapibputheb pathde asitighd lyand

fromsaid first recovered broagdcas{ si gnﬁlléi and i_?li second recovered
broadcast si gnsiparatedby digtaneasith s sBo¥FRINHIg 14 dhg sl PAETHPOSGprances
generating ste i 1 AR = I &gﬁlp

conbi ni ng of ngtgﬁﬁ)fﬁsetﬁ &?eesgrg%é egﬂgsﬁ%gg?gi?@ggal ar??jmgla‘:eg&gééégn rees
recover ed broadieise awienmat621bat3s pointerbatithel sadliel 12iardd, a receiveri (norshowhlithaher
conpri sing I[:‘he st eps ,of .. n%ﬂdul ating. a.broadcast ﬁi nal f.or transm ssion to
sai d radi o [P ec&fCP¥TS e eyl apd ampliiss it Wil A gy hat ds spffiiens o gk 2 HasSTY;
tine division gaehhdd6@suél0asaBt po¥eke fixVdensigNin Wb phthIbRIowN Fhich iPddsiPatative e
said third signal to said radio receiver froma second satellite,) said -:,
. _ transni ssi othayaprigallyedxagaed inpmithe saspllite: Fhe trasemitagreom 464 ipshieldedssgiag to
first signal-_b er [ i . i . | qj. 4red
n ol ai m 33y ArepEnE BAREERTHEE] R rathil ohd et refeallEelife BRenfi 3"
sai d second si gnallevelnshfficténd tb lRieatk Ms@biity.afThs araflsthiddnnna 464 radiates its power

20 over an aperture of length L sufficient to cause path length diversity over several

| wavelengths between the transmiwer 464 and the vehicle's receive antenna at the carrier
frequency.

As a vehicle drives along the path, the radio receiver 14 therein receives signals

coming from more than one terrestrial repeater 18. For example, in position A, a

25 vehicle is nearest to terrestrial repeater 18b and that terrestrial repeater's signal

dominates and be responsible for reception. Signals from terrestrial repeaters 18a and

'18b are low because of distance and antenna pattern and cause little interference. If the

vehicle is at position B, the radio receiver 14 therein receives signals from both

terrestrial repeaters 18c and 18d. Since the distances are nearly equal, and assuming that

30 the time difference between signals radiated from terrestrial repeaters 3 and 4 is adjusted

to zero, the time difference of arrival between the signals received at the vehicle are



recerver; 20 . denodul ating each of said first signal) saizy secorgesi2Q02l
and said third signal to renove said respective nodul ations and to recover
a first recovered broadcast signal, a second recovered broadcast signal and
a third recovered broadcast signal, respectively; and generating an out put
broadcast signal fromat |east one of said first recovered broadcast
signal) said covered broadcast signal and said thir d
broadcast 25 m%ﬁg}lj%éé An i ndoor reinforcenent systemfor rggjé&g/%z'g&s%
satellite signals transmtted by a digital- Hr-oadcasting systemusing a
radi o receiver |ocated indoors, conprising. a line of sight antenna Eor
receiving |line of sight satellite signals; 30 a radio frequency front-end
unit connect ed sufficianlgt sivatiesoads tsicglide cvnsrenttioe f‘@xlifoﬂﬁﬁﬁhtﬂgBil [peopee RhYics @e@her um

corrprlsmgsaldsatel i.gngls wjth Low nois an, indoor anplifier; .r°
57 BEPTENBER 2otigancs b and. § i) idhpnshipyih b sym Pcreéiﬂ' A
connecting sai d. Lag 3Othfi§c%ﬂﬁt°tf$ﬁ¥arf bOMLi&Rg unit to said indoor anplifier;

and an indoor re-radiating antenna connected to said indoor anplifier) said
i ndoor reradiating dnisempartiavo napse dpersay id er_¢elgnsletkacmdehotmeemulkffrmén:t |y

high to achlev .satisfactary 5 indo receptio spid s Ilite signals
at radi o recei vhiterent teFﬁﬂBb’TmP@&%{I rfé“%@&eéqqcn "BFﬁ%?‘g‘ﬁ’j E@’E‘e‘ﬁﬁ SHeyal
said satellite ég&% S5 lw%ulrt%e PREISED R 1RNBcatibh fH, GH R La/mbmxvah&n%ﬁ\/ﬁg;hase

interference by Said satellite signals transmtted between said
re-radi ating armﬂmM-Oéuphasemdjphamen detveieyshWhanttheyraxe inl ph®36. thevsignalciinforce,

e char act or | 700 O uCer EEthesfhuab el  WhE ShE Faneclitiod Brdt ch v

transm ssi on ofcopiiiéel§ddse! n dddivingtlR! esulipWe@ier pRisel of th@‘?tgﬁil &éa&htbyadauﬁma
and said indoor re-radiating antenna is maintained to be less than a

se(eaed and@nt affths ammes%emcaeu cariesn rasgtey atnd ﬁtmgquahemztempasly ra$nashiamatic

cable. 15 37. [ ei nf f.ce syst em as n, cl ai

wherei n sai d dﬁ?%? %rn o?re?cﬁ P gﬁ]éﬁ&%ﬁ O Ferover thie @)ﬁg dflgmg @Sf D163 Reen
said line of sigftalaith&ndasadrsy dai dliveﬂaiﬂp@fanm&sa&i adsulfiglg &M&mxbﬁlmomee

t han between 20 percent .and 25 [Eercent of said sel ect ed synbaol period. 20

38. A rei nf or canmigedssigny Py the aperyuigd. SAQVFT pr equiyalensityme diffesemre PEL/ Gy a
di gi tal bfoadC%ﬁ«% PECSA/ fﬂsh , BlifAthR &:?Caﬁlg%{) 'aﬁé’éuﬁﬁom%&’g; E&id the
gnal s y e eriod

wherein said satellite s characteriz a sel ect sai d
rei nf or cematit postibilityc ofrpsrraiting the uhpa:stofttMpMsc reation &l appli@siberdf, ads[aml

terrestrial repeaters bei char, cterlz ei ght h . and bei ng 25 spgced
apart by a di stCaHEEZaHoN fakENgHSEn: Tl Sealisdeo b‘ﬁzealugﬁiowqr}sdmwﬁ efatigay 4 and
terrestrial repggaters to said radio receiver being selected to limt a
delay in rgceptl on of said satellite signals at said radio receiver from

one of said terrest rAla¢x1ﬂ@|1ﬁe@fttb¢ praper duticeené disaBcyen eedavionsiripl 1@yl peried 5t

sai d synbol period br oadca st e for, tr tting a
br oadcast si gnaf©t 8ya°°f1§§7r6“gr @c% ﬁla :hj’v'g%ladsy Bt 8&@8@? §i“g <) orer ﬁgg%ﬂw 38
transm ttegoby raossdds. Sihat spadilg 8 QiHMefph1§'is Adected sof 5'to cMuse the dideldelay-in

transversing the slant distance (d® + h?) “* to cause a delay of no greater than a quarter

of a symbol period. In this example, the slant distance is 550/d = 137.5 ft. One
nanosecond is equivalent to one foot at the speed of light. Thus, if the height is 20 feet,
the distance d is 180 feet. The height h is preferably relatively small when compared to
25 distance d so as to cause the difference in distance between the vehicle and each
terrestrial repeater 18 to change by an amount sufficient to assure that the signal level
from any one terrestrial repeater is attenuated by 10 dB or more compared to that from
a terrestrial repeater immediately overhead. The length L is preferably between 5 to 10
feet to provide sufficient path length diversity at L-band frequencies. If an equalizer
30  unit is incorporated in the vehicle's mobile receiver 14, the time difference in arrival can

be extended to several symbols, thus increasing the distance between the terrestrial
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satellite configured to receive said broadcast signal fromsaid earth
station and to transmt a satellite signal conprising said broadcast signal
to said radio receiver on a first carrier frequency; and at |east one
terrestrial repeater configured to receive said satellite signal and to 5
generate and tw@ps4¥s@z a terrestrial signal fromsaid satellipeErnssgnako
conprising said broadcast signal to said [?g[o receiver on a second carrier
frequency that is different fromsaid first carrier frequency, wherein said
satellite signal and said terrestrial signal are each nodul ated using a

mul ti pat h-tol erant nodul ation technique, 10 40. A systemas clained in

clai m 39, wher ESR§IE5; g Q&F dP99 fegr- s Agreguivplent g ditfesdncr (vaudd be de raasmjt ithe
code_ di vi sion i ks | i i Lhai i.n
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a satellite for receiving said broadcast signal from said earth station and for

transmitting a satellite signal comprising said broadcast signal on a first carrier frequency; and

a terrestrial repeater for receiving said satellite signal and for generating and

transmitting a terrestrial signal from said satellite signal comprising said broadcast signal on a

second carrier frequency that is different from said first carrier frequency, said terrestrial

10  signal being modulated by said terrestrial repeater in accordance with a multipath-tolerant
modulation technique.

2. A system as claimed in claim 1, wherein said terrestrial repeater is operable to
modulate said terrestrial signal using at least one of adaptive equalized time division,, ..
15  multiplexing, coherent frequency hopping adaptively equalized time division multiplexing,

multicarrier modulation, and code division muldplexing,

3. A system as claimed in claim 1, wherein said satellite signal is modulated in
accordance with at least one of time division multiplexing and code division multiplexing,

20
4. A system as claimed in claim 1, wherein said terrestrial repeater is operable to
modulate said terrestrial signal using multicarrier modulation.

5. A system as claimed in claim 4, wherein said terrestnal repeater is operable to receive
25  said satellite signal and to demodulate said satellite signal into a baseband signal prior to
modulating said baseband signal using multicarrier modulation.

6. A system as claimed in claim 1, wherein said satellite signal is assigned a first code
division multiple access channel code and said terrestrial signal is assigned a second code

30  division multiple access channel code.

-

7. A system as claimed in claim 1, further compnising a second satellite, said second
satellite being operable to receive said broadcast signal from said earth station and to
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8. A terrestrial repeater for retransmitting satellite signals to radio receivers, comprising

a terrestrial receiver for receiving said satellite signals; and

a terrestrial waveform modulator for generating terrestrial signals from said satellite
signals, said terrestrial signals being modulated by said terrestrial waveform modulator in
accordance with multicarrier modulation;

10 wherein said satellite signals are transmitted from a satellite using a first carrier
frequency, and said terrestrial waveform modulator is operable to transmit said terrestrial
signals to said radio receivers using a second carrier frequency that is different from said first

- carrier frequency. e
15 9. A rterrestrial repeater as claimed in claim 8, wherein said terrestrial waveform
modulator comprises:
a time division demuldplexer for demultplexing said satellite signals from a serial
time division multiplexed bit stream into a plurality of parallel bit streams; and
an inverse fast Fourier transform device for generatng a digital analog signal

20  comprising a plurality of discrete Fourier transform coefficients.

10. A method for converting a time division multiplexed bit stream into a plurality of
multicarrier modulated signals at a terrestrial repeater, comprising the steps of:
receiving said time division multiplexed bit stream from a satellice;
25 dividing said time division multiplexed bit stream into a plurality of parallel bit paths;
representing each of a predetermined number of bits in each of said plurality of bit
paths as a symbol comprising an imaginary component and a real component;
providing said symbols to parallel inputs of an inverse Fourier transform converter as
complex number frequency coefficient inputs to generate outputs which comprise
30  modulated, narrow-band, orthogonal carriers; and -
transmitting said modulated, narrow-band, orthogonal carriers from said terrestrial

repeater.
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14. A method as claimed in claim 11, wherein said generating step further comprises the

step of filling said guard interval with a subset of said outputs of said inverse Fourier

transform.

20 15. A method as claimed in claim 10, further comprising the step of insertng a
synchronization symbol every predetermined number of said symbol periods to synchronize
a sampling window corresponding to said fraction of said symbol period with respect to said
carriers every said symbol period at a receiver for said plurality of multicarrier modulated
signals.

25
16. A method as claimed in claim 10, further comprising the step of puncturing said time
division multiplexed bit stream to reduce the total bandwidth associated with said carriers.

17. A method as claimed in claim 16, wherein said puncturing step comprises the step of

30 selectively eliminating bits from said time division multiplexed bit stream pridr to providing
said symbols to said parallel inputs of said inverse Fourier transform converter.
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radio receiver configured to receive said satellite signal and said terrestrial signal, said radio
receiver comprising a diversity combiner for generating an output signal from at least one of
said satellite signal and said terrestrial signal.

20 21, A digital broadcasting system as claimed in claim 18, further comprising a second
satellite configured to receive said broadcast signal from said earth station and to transmit a

second time division multiplexed satellite signal comprising said broadcast signal, said second
satellite signal being delayed with respect to said first satellite signal by a selected time delay.

25 22. A digjtal broadcasting system as claimed in claim 21, further comprising at least one
radio receiver configured to receive said first satellite signal, said second satellite signal and
said terrestrial signal, to delay at least one of said first satellite signal and said terrestrial signal
in accordance with said selected time delay, and to generate an output signal from at least
one of first satellite signal, said second satellite signal and said terrestrial signal.

30 -

23. A digjtal broadcasting system as claimed in claim 22, wherein said radio receiver
comprises a diversity combiner and a switched combiner, said radio receiver using said

diversity combiner to perform maximum likelihood decision combining of said first satellite
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digital bro casting system, comprising;:

a first receiver arm for receiving a first satellite signal transmitted from a first satellite

on a first carrier frequency, said first satellite signal comprising said broadcast signal and

being modulated in accordance with at least one of time division multiplexing and codg.
division multiplexing, said first receiver arm comprising a demodulator for recovering said

15  broadcast signal;

a second receiver arm for receiving a terrestrial signal transmitted from a terrestrial
station on a second carrier frequency, said terrestrial signal comprising said broadcast signal
and being modulated in accordance with at least one of adaptive equalized time division
multiplexing, coherent frequency hopping adaptive equalized time division multiplexing,

20  code division multiplexing, and multicarrier modulation, said second receiver arm comprising
a demodulator for recovering said broadcast signal; and
a combiner for generating an output signal from at least one of said third satellite

signal and said terrestrial signal.

25 26. A receiver as claimed in claim 25, further comprising:

a third receiver arm for receiving a second satellite signal from a second satellite that
is delayed with respect to said first satellite signal in accordance with a selected time delay,
said second satellite signal comprising said broadcast signal and being modulated in
accordance with the corresponding at least one of time division multiplexing and code

30 division multiplexing employed by said first satellite signal, said third receiver afm comprising
a demodulator for recovering said broadcast signal; and
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modulating said broadcast signal for transmission to said radio receiver as a first
signal in accordance with at least one of time division multiplexing and code division
multiplexing;
10 transmitting said first signal to said radio receiver from a first satellite on a first
carrier frequency;
modulating said broadcast signal at a terrestrial station for transmission to said radio
receiver as a second signal in accordance with at least one of adaptive equalized time division_
- multiplexing, coherent frequency hopping adaptive equalized time division multiplexing,
15  code division multiplexing, and multicarrier modulation; and
transmitting said second signal to said radio receiver from said terrestrial station on a

second carrier frequency that is different from said first carrier frequency.

28. A method as claimed in claim 27, wherein the step of modulating said broadcast
20  signal as said second signal comprises the steps of:
receiving said first signal at said terrestrial station; and
performing baseband processing of said first signal prior to modulating in accordance
with at least one of adaptive equalized time division multiplexing, coherent frequency
hopping adaptive equalized time division multiplexing, code division multiplexing, and
25  muldcarrier modulation.

29. A method as claimed in claim 28, further comprising the step of receiving said first
signal and said second signal at said radio receiver.

30 30. A method as claimed in claim 29, further comprising the step of demodulating each
of said received first signal and said received second signal to remove said respective
modulations and to recover a first recovered broadcast signal and a second recovered

broadcast signal, respectively.
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34. A method as claimed in claim 33, further comprising the steps of:
receiving said first signal, said second signal and said third signal at said radio
receiver;

20 demodulating each of said first signal, said second signal and said third signal to
remove said respective modulations and to recover a first recovered broadcast signal, a
second recovered broadcast signal and a third recovered broadcast signal, respectively; and

generating an output broadcast signal from at least one of said first recovered
broadcast signal, said second recovered broadcast signal and said third recovered broadcast

25  signal

35.  An indoor reinforcement system for receiving satellite signals transmitted by a digital
broadcasting system using a radio receiver located indoors, comprising:
a line of sight antenna for receiving line of sight satellite signals;
30 a radio frequency front-end unit connected to said line of sight antera for passing
frequency spectrum comprising said satellite signals with low noise;
an indoor amplifier;
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are characterized by a selected symbol period, and the duration of the transmission of said
satellite signals between said line of sight antenna and said indoor re-radiating antenna is
maintained to be less than a selected amount of said symbol duration by limiting the length

of said cable.

15
37.  Anindoor reinforcement system as claimed in claim 36, wherein said duration of the
transmission of said satellite signals between said line of sight antenna and said indoor re-
radiating antenna is no more than between 20 percent and 25 percent of said selected symbol
period.

20
38. A reinforcement system for receiving satellite signals transmitted by a digital
broadcasting system using a radio receiver located outdoors, wherein said satellite signals are
characterized by a selected period, said reinforcement system comprising at least two
terrestrial repeaters, said terrestrial repeaters being characterized by a height b and being

25  spaced apart by a distance d, the slant distance (d* + h)* from one of said terrestrial
repeaters to said radio receiver being selected to limit a delay in reception of said satellite
signals at said radio receiver from one of said terrestrial repeaters to between 20 percent and
25 percent of said symbol period.

30 39. A digital broadcasting system for transmitting a broadcast sign|al to a Tadio receiver,
said broadcast signal being transmitted by an earth station, comprising:
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15  frequency hopping adaptive equalized time division multplexing, code division muluplexmg

and multicarrier modulation.
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