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having a first frequency spectrum is broadcast. The amplitude-modulated radio frequency

signal includes a first carrier modulated by an analog program signal. Simultaneously, a
plurality of digitally modulated carrier signals are broadcast within a bandwidth that
encompasses the first frequency spectrum. Each digitally modulated carrier signal is
modulated by a portion of a digital program signal. A first group of the digitally modulated

carrier signals lies within the first frequency spectrum and is modulated in quadrature with the
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subcarriers to transmit control signals to the receivers.



WO 2004/ 030224 PCT/ US2003/ 030569 [0008] One feature
of digital transm ssion systens is the inherent
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carrier signals; and transmtting the carrier - sigh
comprising the steps of: receiving a plurality of bits of a digital signal to be transmitted;

writing the bits to a matrix; reading the bits from the matrix, wherein at least one of the writing
and reading steps follows a non-sequential addressing scheme; mapping the bits to a plurality

of carrier signals; and transmitting the carrier signals.
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3 WD 2004/ 030224 PCT/ US2003/ 030569 [0015] The bits
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whedaog/oaf224 he digital signal to the matrix. ThRCDUS®03/030569
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of a dlea@h signal rpemsentitivie] of Watenandén-asdiguiarm digital sudiodyeadegsting system,

the n}?@]oﬁé:amé)%sm%% % %ﬁ é)lf 3:\%{‘3&5 %nplllflqrglét& ec%ﬂz%g BRESPHE dfbital signal to-

a mafrXP heb RAAE kiebiRifrdatiR mmek Oslﬁ/hs'iéiﬁlaﬂlebﬁ oie @F el vaditirlahidaeading
broadcasti hg system the method conpri si ng the steps

stepsd@llowsea:@nvﬂquenaakﬂddrﬁmng fchemebi ts of a di g taI signal ;
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n.

mam&ef N otE%g 5 off n@g q@?a*ﬂge‘%}"aﬁ’gﬁ? qeaargﬁ %Siﬁf i means for writing and

mearfsSBf &AM ol1YRs Af ndhadequaiidl addraddiicOschén@ Middbsigd theudhd bits to
broadcast’i ng system the apparatus conprising: neans

prodiicgranostpat sigeed a pl ur al | ty of bits of a digital si gnal

for whiti t he its to a matrix,. and nea
1002052t Teveiting £BS eheiimesietsrim ek nniar SPRRAF-TRALE: gha dei
mgna@@ep?&@ntaﬁ%adﬁiafa%d}% lahidif 9n 2 QitAPAIR brokdcagad Hem, the apparatus
l'ows a non-sequential addressing schemne,
compnsmg means for receiving a plurality of bits of a digital signal; means for writing the
bits to a matrix; and means for reading the bits from the matrix, wherein at least one of the

means for writing and means for reading follows a non-sequential addressing scheme.



4 WD 2004/ 030224 PCT/ US2003/ 030569 [0021] In another
aspect, the invention provides an apparatus of
wo emeiosi2eg digital information representativePOf/USRDH030569
and/or audio in a digital audio broadcasting system
[oozll]he hﬁ@ﬁ&h&t laipeep MR | ﬁﬂvé}ﬁton”ﬁ@i}iﬂeﬁ Ofn afSeRhtid N Rceiving digital
plurality of bits of a digital |glgnal nmeans for
informatianj regreséngativiet of data alhtﬁommgilq a a @tﬂélalmh@ broadsesting; system, the
means far. readin he bi.ts fro ix.. erein
eppaEs PRBiiBhe Toen i THREHGE Al ST MR el oG tneans for
wnm{getﬁg ibfte of Qiel cﬁ&ﬁal% ngﬁi@ﬁfosaﬁﬁfelﬁﬁt nfans ﬁﬁi% ﬂh@ 86 FRRBihe matrix,
means usi the read bits to produce an output
wheran ghhhst oBRbEﬂleDEcﬁﬁlecﬁTwmderHEanEmm [do2z]a Iﬁjn@equentml
l.is functional bl ock dia transmtter for
addregRs eeme g neains BT 08 B RA PSSt F0d
FIG 2is a Bg%&@méﬁtﬁmgmmﬁybﬂ d FM
| BOC wavef or 'S a schemailiC
[0022]epr EE&NL & & doncdibnalrbleckt diagiech bfybtiadsifiet BOGisecdn ef digital audio
(%0025 FIG 4 is a schematic representation of an
broadgptingS¥He™x FM | BOC waveform [0026] FIG 5 is a

1002 "R, s L SOERARL AL IO 6 ALY FNPTBOE wpBoAR! | o

[002430 heFuG.i30is b 8EHeRBED tr@trd:sema@cﬁn & anmxtelnﬂe:d)lnybnﬁ B BaCwayeform.
in a DAB waveform 0028%3 FIG 7 is a_schematic
[0023]epr E%rﬂléﬁlsﬁwn@ﬂc represeriaben Simedrdigigl §M IBQC pgygprm.

[00263I deg.g(?ds 15 a %c@égitlgﬁ}é@fegern 1o£1 0&22 ] tfén §f 'sﬁbcﬁmers 1n a DAB

che I epresen ref ererice subcarriers
waveddinidpper sideband of a DAB waveform [0030] FIG 9 i's
a functional block diagram of protocol stack used in a
[0027Ir an&H-tQ isranothen schwgne atpresgRipdorh plod @RwiEeR 9 selpatriers in a DAB
0031] FIG 10 is a functional block diagramof the .
em physi cal |ayer of the protocol stack used in a
[0028]F aN$AG; 11 Bla stRendati}i Bpreahtadbgl bPreir@ftd Galsdatdtgs B)STb®BR sideband of
[0032] FIG 11 is a schematic representation of an
a DABnwavefame bet ween Iayers of a protocol stack used in

tr tter uioproad astin
0020550 € epeal pfsblcR s PaE RS Tt FBe sideband
of a DRE’MEfRRE in a DAB signal. [0034] FIG 13 is a
schemati c representation of various nodemfranes in a

[003®AB ﬁ@ n@lis a ffreaas]l tlacdksdiagiam of Protoeplstagk Kpedhinea transmitter in a
di 'ai':lCh resentations of the secondary subcarriers
gitgl qu ﬂ C%Fl&%YQPC%AB signal. [0036] FIG 18 is a

[003j]u NCHQGNA is Bl MK HhPEbEN AR rad oF Qﬁ@ﬁf@ﬂcﬁﬁ/phyéi&@ fafkr flthe protocol
is a schematic diagramof a scranb

stack used in a transmitter in a digital audio broadcasting system

wave

[0032] FIG. 11 is a schematic representation of an interface between layers of a protocol
stack used in a transmitter in a digital audio broadcasting system.
[0033] FIG. 12 is a schematic representation of a modem frame in a DAB signal.
[0034]  FIG. 13 is a schematic representation of various modem frames in a DAB signal.
[0035] FIGs. 14, 15, 16 and 17 are schematic representations of the secondary subcarriers
in an all-digital DAB signal.
[0036] FIG. 18 is a functional block diagram of a scrambler.
[0037] FIG. 19 is a schematic diagram of a scrambler.
[0038] FIG. 20 is a functional block diagram of an encoder.
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[0038] FIG 20 is a functional block diagramof an

encoder. 5 WD 2004/ 030224 PCT/ US2003/ 030569 [0039]
WO-R@B4/02R24 s a functional block di agram of a scP@mbmn3/030569

[0040] FIG 22 is a schematic representation of an
[oo3opt er eflit[@a*z?{s d@h&dohal 619&%% fhGf agctaiple? functi onal

di agram of an inter ZaVer constricted in

[004§];corEI@n%1s anichémitiui represeneanbh ohan n@d2ler MaGix.24 is a

j: n%%_} ¢ diagramof a differential encoder. [0043]
[0043 73 ina functional lgckisliageam af ag iniarlesvercappigingd in accordance

ion mapper. [0044] FIG 26 is a functional

Wlthgﬁggﬁ\%gﬂlug{;ram of an OFDM si gnal generator. [0045]

[004] G HIG. P4isa schéfidticaligdralope Kifthrad@itbeicodera si gnal
converter. [0046] FIG 28 is a functional block
[0048] agrHIG: 33 i lsa'sl fop@ionsidhloek cbagrampéarmlgnalomﬁstaap@ma@pbr@

oo AR LR B Serimnchechi St i ©

[0045F € |FIGa2’ﬂisg1' ﬁlﬁétloﬂﬁml&k%%ﬂﬁ%?ﬁblrgﬁal%ﬁ{r%} The
transmtter includes an Input or rece|V|ng a nmain

[0046} ogriEdfn 2Risvi furctipndli Wocki djagahm o a DAT modalatok.or

recei ving ébﬁh%ﬂ) H]{Tm%%ﬁm&j% , and an

[ nput 16 f recervig —rrar i progranr Ser-vre¢e

[0047V PP ERFERhE ko %Qﬁﬁ\ﬁiﬂgs Vi £ ﬂﬁétﬁmaﬁﬁlgcl@éﬁﬁ ainaéf transrmtter 10
application service ata. For hybrid DAB, e ana

for uwerlsl digghl ardio bnmdnaqnngg;wﬂms eThd tranmttelonmlugmabn |11$put 12 for

ed. as _shown bl.ock 1 ce a .del ayed
recefy et Bln P G0, GAHE A 1L 0 A 1410H 502 98 5 b ghidptifcation
ie81e [
SRS 5 6305, 08 BB i o
servigeidith,rend 24xiligry appbm&pn s¢rvizn data.e Foi IgbridiD AB pthe analog version of the

subsystem 26 recei. ve coded cq essed di gi
mairs DEiT Service A0, T e SaPUH Beplork 40 dapibdine delayed
anal R hHIP SREAIR BEL Y. C%ﬂjﬁﬁcﬁo s ﬁ%:rﬁ@nérﬁbd&r AR HRp esses the main

service data, and auxiliary application service
progeamul segvib¢ ewdie sighalste psodyrelks ehavdvd compiesseti idigimpaighal on line 24. A

si gna r.oces di scussed. further bel ow and
transpQid B sATviGe o b B0 Sedeives dhe cngpdedhomppesseptdisital signal,
l; e
the sﬁﬁ?llgénggﬁd&%g\ﬁn%@gg% {YHJ: HaHLgfég%xrp¥ rrggé ghtgls supplemental program

servisel llgtas ardnaBiliafhappdicgfidnasersice data, and Isubject88hass sﬂtg‘lﬁrsntal various
coded s shown by bl ock _ 40 and the resulting c

transpoth ighal poqepiiee apdisaissigdurthir daloy grlgeiesentadia Hief a@blocks 28,
0589, 15 88 Syt LS DELI B REp  s oie

transhyssemt suhsyaterd 86. t Shadigltaladgnaboreling 3&ispdhagl cédedab shdd@Oby block
DAB recei ver 0048] The system enpl oys coding to

40 afffgfga resulfipg ce F@&I At st g??&‘fylfatﬁdtal?%wﬂb% anglgg gl gignal as

S

llus UG DR A8 TR et oo GRS b Mg A 3R by gntenna

46 torit fastemalof & pluzalidy of BIQMBABleosivandsl | ary data to be
gi)anf)[{ptted in and segnents and at | ow | evel s which

[004 e $YPlER¥ éline QW 193 HeloeRegs e samnlerd audigrignal bit Tate and

baseband signal processing and to increase the robustness of the signal in the transmission

channel. This allows a high quality audio signal plus ancillary data to be transmitted in

band segments and at low levels which do not interfere with the existing analog signals.



6 WD 2004/ 030224 PCT/ US2003/ 030569 [0049] |BOC DAB
signals can be transmitted in a hybrid format
wo pkslizng an anal og nodul ated carrier in conPCTES10031030569

with a plurality of digitally nodulated carriers or in

[00493" aHOC b At @dnal OéAiEbe WhRmaied ihe 13Bal Fermdutiadiag an analog
carrier is not used. [0050] Diversity delay provides a

moduldtecechriiénin cdmibinatipm withe: garatityoofchgitatlyl sodidated cargetsios in an all-

.. me information . to defeat non-stationary channe

dlglta? ﬁﬁﬁﬂ frew Eé‘ﬁalg%mlﬂgﬂliaW& CANE" S IR ve noi se.

0 005l vekds | SroRidss RERRE itnd @NAEREMALH b Qfanfels carrying the
1005 Ayb?&dvegl%ﬁ%@ é\%\e/lg?or m 50.1 The }p\;vavef orm i nclall}des fgﬁy s
same aidbragitiondtd alkefedt sioprsédtiob2ryl olcanneld impairiments esichr apffading and
. broadcast channel 54, a first plurality of evenly
impulsiyg d8#FCor t hogonal |y frequency division multipl exed

ubCaf 1 £1S, ekt i5h ¢eantriaMABDE wIGHBHAA 50. Th

[OOSISI ura q‘tzi{so? g%veg[r%lugqg‘%g%g%ug*rl?) Eoggﬁgl l'y q?r equency ©
waveftiriti Bichilesnaht aralopx eddelatedasignabr Boated ia thowenter of a broadcast

si deband 62. The digitally . nodul ated_subcarrjers ar?,
channgl $4de 4isst plnrality efaeyenposeced evareonpliy, fieguengy digon multiplexed

58, ' ' | P& orthogonall

subedfg 5B i BB Eba o AP Yool B BRY oF EPer Y BRDR] onhogonally
frequehayi dRgkidm tulpplkéd isobrdersl 60ain aubvwenkidobandre?. arkhe digitally

desi gnated as reference subcarriers. A Er e%gfgnc
modylated isubeswriers ase Prepdsasrat rolamepNaones daysl i thit the, Apdlps mpgiulated

1 i r . i .
caniqt G 3 E SRATERL LR 08 RS, TR RuSUPIRSARNed subcarier
are dfvMoI At paktebrs iagd @hrioydl subcatiiers tied degignawd b sefedndersubearyiers. A

Mai n subcarriers. The subcarriers are | ocated at :
frequencshpaytiiem et 2rqupef USHEYDM sulicrpiess coptaninghiadgts sybearriers and
onerlsﬁce%teizou Scm?{ nunbered from-546 to +546. In the

T8 ormes IG 2, the subcarriers are at |ocations
[00521356 The HybA8 widforabfcludes 24 Ginalbgi BM-moadited mignal, Iplus digitally
normal |y 'be used during an initial transitional phase
modylated eximeryc Maier sibearies. (The mhcamiegs g 1ogalesk ¢f pvenly spaced

0053] The digital si j ' ' { mar :
freq i P Ban B0 SPaR APt i RS ol BAQ 85846, 1n the
waveShg8f FIRS2, IR ¥ibchitierd 4se a? lockaeils H3I6N@I-H5408ind -356lebei4d. This

is conprised of ten frequency partitions, which are
wavefpimowali sormatyrhy useddering &y BitBs Gransitionag Rhaseprecsdingpagversion to
th Hﬂbo%%p -545. Subcarriers 546 and -546, al so included
e ALDIER EAYHEYS nei n si debands, are additional

[0058Ef TR GRgitll REARY is @Fafsmitied iR PHkiakygRimdideaads on either side of the
subcarrier can be scaled by an anplitude scale

analdgaBMosignglpasgijowmin HE. iy bERch primanomain debapd ds eepprised of ten
signal is transmitted,in Primary L 0. ' S . _

frequE RO PRRPNS | HBI férﬁhaﬁlog%a G ER %9%3?1‘216¥£§5§,6 stﬁ%’g‘gﬁ ?%’g’ or -356

throdghG542.- SkRahicRVE456 debasud, ko ifeidyd inetle @finfa@ main sidebands, are

requency partitions, which are allocated anmong

additderiat aefeicaes s@F@midss. o UgIe argpludey pf cadp sqlwp:g@g tean dagsscaled by an
Suhcarriers 546 and -546, also included in the PM

amplitugde. e ctor.

[0054] In the hybrid waveform, the digital signal is transmitted in Primary Main (PM)

sidebands on either side of the analog FM signal, as shown in FIG. 2. Each PM sideband is
comprised of ten frequency partitions, which are allocated among subcarriers 356 through

545, or -356 through -545. Subcarriers 546 and -546, also included in the PM sidebands,
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reference subcarriers. The anplitude of each

wG@aivgasneer is scaled by an anplitude scal e fBCT/U82003/030569
[0055] FIG 3 is a schematic representation of an

are aﬁd;igg&ﬂ egrhyRL | bEMiLBOCTMRVAHAtITe FOeachheibextien@estaled by an

rird wavetormis created by adding primry extended
amplisiddebdadsiai2, 74 to the primary main sidebands

oosS]LCSFRL 4 ok el el RS BB RD e o et
70. @?géxgg%egl‘%ﬂ?gség]v&%ﬁg iN0Ele EHPRIR g SRRy BX lchBRIDsidEBARYS 72, 74 to

Ext ended Hybrid waveformincl udes
the prifi@ryansh edelbMds pgsalt ipthedybliidivewdfbym. Peperiditgemh the peruicy mode,

mai n subcarriers (subcarriers.+356 . t0 +546 a -356 to .
one, ey Oy fepdregyercy RAFULQDS Cp} ?D?ra dedeor the dagr §g%?c§??3f’€ pgmary mam
sidebgﬁs’cfjbca”i ers +280 to +355 and -280 to -355). This

waveformw Il normally be used during an initial

[0056]" anThé iBxtalde® Hyteidpweedolinn dnotuwdes e¢hes ianalog M tsignaliplus digitally
Digital waveform [0057] Each %nar%s gai a %éjeb%gg)
modulaied DHBEIY WA OEUERESHLATICH RrEP48r70g d?¢ (onap) and some
ef.erence ri S 00 S ri € o) :
L N R e
waveSdreRANEG NG lbe dGed tlxy #n iattal B3usitidmab phydse Psrediogeonversion to

frequency partition), 318 through 355 (two frequency
the Aplpigitel waeformpr 280 t hr ough 355 (four frequency

artiti,ons). The |. i e i: S -
o0Sf1C E B PR, S0GEe MR XL GRAS0p St SRR, aanionn
referdRE kitida@ity spandii JubELHEN 358 Brodgh\e1d, oeeiferthyough -546. The upper

_ partitions), or -280 through -355 (four frequgzgé:%F i
primyzirextenilerh sidebangie inghsiei subersriess 384 Chrough 34y (P ITegisnpipartition),

cal an.anmplitude .scal IS
318 %I(gl@ﬁ g’;ég%/q%o frggﬁ)eélg% H?lgl{llglgsﬁ, %rf i%’ﬁ&‘g(ﬁghgggi?déﬂf E%ﬁlhel‘,néggﬁrtmons).
The WaXE hRABktenliBE siddbdndd ir@hida|subevedro r387i throngin s3SSuhe frequency
by di sabl'ing the anal og signal, fully expandin

t he
partifhem.chail 8l ttivoegh BAS (fwa fieaugnayi Rgrtitions)s PHASE u§2:3%§ 4?0u5ﬁaquency

.addj | ower - power seconda [ : '
pariiel  Prm Ry Sy TREHGR o g8 SRR s sl g
[0058RV EfERts N i ddRBmatid tepiebdntdtRd of AR allidigal FMBQC eaveform 80. The
Igitally nodul ated subcarriers at subcarrier

all-digitela tiageform 5id Geanetructesi by dipabling tthe anales| BgnabMlygeipanding the
0059]. I.n additiqgn.to the te i,N e c
vands 1R 4t s Py R SUPERHE Bor Rah ahl SRS Nopwer-poer secondary

sidet3h8s 86, 888N thelsPec@@bllvRhleABY Yheindldp 81p@al0 fTHe l-didital waveform in the
Digital waveform Each secondary sideband al so has

illustrased Gebadichantyiniides dignly apndufagadrsubeastiers at Spbearfigigeations -546 to
SX) fre n artitions. Unlike the primry

+54éiwd‘ilﬁgm§%g]§5%@§g?alt he Secondary Main frequency

[00592rt ithi RRFA B MRPREnA8 M Ruchdy pHENGE, atlefvuerexttintiéd frequency
the extended frequency partitions farther fromthe

partitiend ere piGe®0jn Each psiewondidepard wébthadAH| Bigiwl ppayetosmg  Each

seco%gglylsidg gno a §ac§ %llasptregtseeg«gnecfjm; ﬁz}n fﬁ% 204 four Secondary Extended (SX)

frequency partitions. Unlike the primary sidebands, however, the Secondary Main
frequency partitions are mapped nearer to channel center with the extended frequency
partitions farther from the center.

[0060] Each secondary sideband also supports a small Secondary Protected (SP) region
90, 92 including 12 OFDM subcarriers and reference subcarriers 279 and -279. The

8



90, 92 including 12 OFDM subcarriers and reference
subcarriers 279 and -279. The 8 WD 2004/030224
w8203/ 030569 si debands are referred to BGSI/US2003/030569
"protected" because they are located in the area of
; b t C4r8 dodde dBihAdhe Ghrdd of spectrum
s B b e e oo o anef of spec
Jeast $iltbiyaty beraffested! by edalag ¢rhdigitehtiwerfotneehe Avhadgdigonglogeference

subcagg;'qggglg%/d gqatiitg igéli%tgrgof% dgéai@rr]lgh&g.o geeclﬁgliycé@%?tgqoﬂor gr?ﬁc’g of the SP
regimg ?gpgl“h%'? gf{%lg Akl {ﬂe(m’sreg{og%ég ndERERtaREEQNAAEYpaviidhs.

ban ans subcarfiers 1 through 190 or -1 through
[0061 19BachTh&oHgaeMGe eilebandyspant erbtedies téivangh 1HEpudetrough -
subcarriers 191 through 266, . a th upper..Second
190. Ahetupperctrcgndnsh Bigndadoyideband ing aw%s?l?e%elf’lttﬁﬁosé}b?‘gd and the
248 | u ddi ti o Whc j 7218, TR additional
upper’ §5ropBicy BrfiEel ' PBind SERBLERRETUAAT LfusA D08, D8 addidons
referend® dubchHeugd TRE GowerSdcdndaryl Bxende@alehatak inclRdest subeasders -191
si deband i ncl udes subcarriers -267 through -

. 278, S
througl 366 anhithe AesrasiSeprnslasyifiseisried sidebapddncluges spbpagers 287 fiough -
fre c n_of & ti  gi P
27, S AR PR 200 o) Bk e e

Digitacgiee@u@yis 396,988 Ulle aaplitadd af tach subverrieecemdarsgaled by an
si deband anplitude scale factors can ge use

) r

amplitedesscalg hator. mqyemémyﬁidpb@dfagmlm}ggﬁc & fackrs.canchg ursgrrselectable.
application t e . S he

o SRPHAREH LB B LG OB IR nd o

[0063] anFihki VRHoNs 1D AB awawfeinisaprobideasl ¢legibles ysdansmobytransitioning to a

provi ding three new waveform types: Hybri tende .
digitRoidtst e A IDIOY Ging bree TG VAV BlPT TR B ended Hybrid

1d types.retai e E [ I j :
o S5t YRR IR b Do, i
the A9 @EQE&F&%&%&@ 6t AfNhiey valvefoeatigpes copésrhr @l the nussitlyridlocated
mask’

The digital signal is nodul ated using
specwaltelnu groorsl miskequency di vi sion nultiplexing (OFDM.

B CEP NI AT A B
(OFﬁ%%FIbM & a MHafBl AbBulbfid sdhehiceid Wwhiohlthadsasatym modulates a
'S

i nherently flexible, readily allow ng th .
largamAyppbergofosrthoggial sfubedreiense Whichrelitrepwhisiet sypeligpgowy. OFDM is
.. subcarrij.ers. 2004/ 030224 P :
inheROBE I A B AP PNIE ChSURECr e iR Raerent groups of
subc smtted in Primary Main (PM)  sidebands on either

side of the analog FMsignal in the Hybrid waveform
The power |evel of each sideband is appreciably bel ow
the total power in the analog FM signal. The anal og
signal may be nonophonic or stereo, and nmay incl ude
subsi di ary comruni cations authorization (SCA)

channel s. [0065] In the Extended Hybrid waveform the
bandw dth of the Hybrid sidebands can be



extended toward the anal og FM signal to increase
digital capacity. This additional spectrum allocated
wao eoottiodn2esiner edge of each Primary Mai n si debapdi/us®03/030569
termed the Primary Extended (PX) sideband. [0066] In
[0064) he R the Prydiiaakavebyel eowdigitilasi Qﬁﬁiso@arﬁhﬂﬂﬂﬂi inl FErith@syrodsie (PM)
and the bandwi dth of the primar gital sidebands is
sidebdngls|op edthersided! te anplog Fdl Egnairm %e Hybmqi Wavefoahod e ppyer level

ddi h
or eadCasaRty s B0 ! R ARABE Y g o
signalV aRAf el %nbgﬁorﬁ‘@ AroGiefe SindNalay RARIE] sUteisdyDbbmmunications

subcarriers are assenbled into requency partitions.
authofaathonf (SE€f)ehennelpartition is conprised of eighteen

g AW AL

exten?o OJ\;EH% 8RS bﬁdl%‘ M §1E@alrt%f ﬁfc%ﬂ@@ cﬁg&&fra& E)hﬁgy ThlS additional

ering A varies with the |location o
spectfunﬁqiﬂlemlg/d ]:mﬁht finriep adgei ¢ftdach Phimaspdain sideban{l0 @jned the Primary

ref erence subcarriers resident within each
EXte“deQ&‘zgh% 4388t ition, depending on the service node,

[006(}1p U fil :g*vzﬁl pdid %Q@ﬂonﬁetfh@ AREI6E s %g&gf:@rréﬁﬁ{}éi #1d&he bandwidth of
serte nto- the spectrum at subcarrier nunbers
the pﬂﬁﬁ\ﬁj dig4D s1d@oanﬁ§ % f\ﬂ]ydm&etﬁlﬁdﬁhen ahe Eatended Hybtid iveavaform. In
regul ar distribution of regﬁrence sybcar

additiof, SHGHONHOTH I SE PR VS EIL SRR g chi EpPefigpsmitted in

g&[;lm jis assigned a uni que

thesﬁae ent &%é‘??%ﬁleﬁdg%gwgﬁ\een 0 and 60. Al |ower

[006H | d elThe OFDNIsubrntiters uleCasamided imo Ereqiramm pantitibhG. Each frequency
upper. sj deband reference subcarrl ers are shown in

partifancis SBinprisRe ¢ .egme@ darpudsTEeIsABd 08P ZFtPRSACHTIRCHERaR oW in
: 7 e | & r u r :
T e R
(ordeting |AUGEB) irias & thithed lonattdmarfshaﬁehuehey patitien withinethel grecyrum.
of certain key OFDM subcarriers, The center frequency
[0068)f aBssidesaith aeferegce Hbeastiens e@sﬁlﬁnwlimbl%ﬁﬁh drquency partition,

depenlxﬁlgéz gfé réljll,] eé'eerrﬁg % %h’ﬁ)r l.tror}z\; qg@ﬂo%gg ‘?t{r&l(lfe suBRARLS Qfeqnseﬂed into

the sbébtﬁlnﬁ s iudshrrice ﬁﬁlﬁlﬁérsf—rﬂqpem 0,279 ekl 4 The bhﬁall effect is a
radi o frequency (RF) allocated channel [0070] FIG 9

regulpss da“ﬁ@ﬁ@lﬂl ehaefersner |SubRagdera FheTuSh o dregRertrpmo c €98 ptional

col [

conv«gmgﬁc ach r %Xx% %r o%gcas 1|s%a§1 e 1{1&\%{ 1&@&&1&?% gl%i'r}lgeré)gtween 0

and GGDWXH Q@\Klér@meb&ﬂd WEer2064duB 38 Had drCIHdvaR ORI 305819 upper sideband
signals and information signals are passed. through the

referenge isobeprrieny e sypwn eFi7-of-oddp faua@kmfl@ateg%ﬁ &FIghenship between

I )071] The system

refer%ncgg‘%l?caﬁg% e}stl‘%d%&gﬁg %rﬁlﬁ%all}zérggl P%/dleges i ncluding a

[00653t at iFash spede i shbwﬂﬁn 0@ deevivipemclu8bSubandicanunibets hidhy center
Application Service (AAS), as illustrated by blocks

frequency @ drertain, kg0 OFDIM sultearsictser Fhe ecepist drauserey1plpa subcarrier is

calculiaecg(f B&’ ?nsult%lyslin%qge élﬁ)%al%e rr]ﬁ’f}lln%eragy hllel dﬁlgMa am\ér spacing Af. The

center of subcarrier 0 is located at 0 Hz. In this context, center frequency is relative to the

radio frequency (RF) allocated channel.
[0070] FIG. 9 is a functional block diagram of the signal processing protocol layers 100 of

a transmitter for use in a digital audio broadcasting system. FIG. 9 illustrates how control

10



arrows 108 and 110. A main program application 112
al so supplies a nmain program service (MS) data
wG@@aabo2eo i nterface 106 as shown by arrow 114pCT82003/030569
data service interface outputs data to a channe
signalRlahd iof@fonlslghals Vi piks@l BESIGBEINE WAtk edyefs’ GRS p@socol stack to
illustrated by arrow 118 for use by the
generfie An IBACH el omthe prreenstiside. [0073] The Main Program
ervice reserve t he I Sti Lng. an al o
10071721 68 B et & PRUBOTR CReSeRSF ol e @ Station
Identﬂ*icgthérﬁBeﬂv[cfér@m)sﬁidoﬁﬁAuhﬁa@dﬁlbﬁlﬁ(ﬁﬂon SeRid{ AN $Y, agtiidmrated by
Service <can include digital data that directly
blocksdPZ2 ehdi@ with the audi o progranmi ng. The AM and FM

yst share a,c ystem ack d
(007387 < o Bethesettios BHOTE b I5oPh S5 RS il Alijispied by
t ( r f h
m“%?ﬁ%%.%ﬁaégd Ao mhbermpbhequ TR0 IRRY sub MU Sl broggang service
(MPY)rdard digmalt toeintexrfaes sl@ﬁyascahmtvwnoby amrdwi tieht iThe clata mwce 1nterface
i nf or mat i&gn t hat _ . i_ndi r& I%il CCco dat e;. #ser sealr1 db
outpuft,data &9 a chrmie! grultiplgier 410, Which PLOdCPS ansTey fHpmpgy @ pHiustrated by
yﬁpﬁ regei ves inputs fromall
arrow, er Eg%&%’ %gtﬁ{}# éﬁ%ﬁglésg{bﬁas?h?ﬁe??' status can be
[0073]r oalhaMaiavewogtdne ServiceapsesdrBECttbatxstSey wadeg @a?li@s;ogmmming

gi cal channel s and/ Secqndar ta Service
formaSipkRth che TR A HEPSTE. ARSOEPBuDe R18 Fiasgiin pervice
can 1H<ﬁh<:l gﬁgl REE affct @%h%mtéﬂgnﬁ Pr?ecélﬁhd g rd¥ufink@/ The AM and
tions to operate concurrentl uxiliary
FM gtpims Ghire anonoacn betead gedocal saok. Fand AM hystefmﬂ differ primarily

@rﬁ}pﬁ\Fl G 10 is a funct| onal %Ckﬂﬂfd
in a ’PPSG pigisal dayer designated g beydst K eé %Veffa%fs cQpgnon to
SS6%hn i gher protocol layers to the physical
bOthﬁ]% er, the n%sﬁ&n@ through a plurality of Layer 1
[0074jer viThe SISCeRsidesi the snec&AR)y tofirol [ &7 6denfifieatioh HAGrmation that
def i nes the I nterface between Layer_ 2 and

1 of .
indirgaly aGpeMERAdalSs o¥sSE GPAISR B, SeEetinn cPfa Aigdpl é%ﬂ?%esgat@age?nd their
supp(}m%lg %{l\r ek Chfie gﬁ%?&%%s TR Eom Y dﬂhé}_lahﬂgh %n§ Fhat e status

erm ne rvice no er rames

can Behigoadwakt yver mlﬁ@PﬂﬁiatWIBCﬁ(E d]lﬁtzLSy,ﬁAice G’IBSELﬂdf)gmlemhahmls and/or
as LI Service Data Units f 0077] The con

Secondigy dBPCo P Selcanai ek b Ieaischamcss,. ZBA AT SV fevinually
unhnlhfe% Me’& cﬁ’ntglsto&rF %‘(ﬁ% Qd Qlflgﬂi@ ﬁgtlélﬁ:lgh'%tb hg\é?a‘& EE:g;'curren‘dy.

System asig

Aux1ﬁ@@dilppl1§at1|oﬁs/65n Be maﬁdmlyomghnl.thyﬁﬁuﬂ: with a specified

%Cfll_de of service. In FIG 10 the 11 WD 2004/030224 .
[007HCT/ @@o@@/mscfs%lonﬁlo@pelarha«gmr?&rgod&rrépfaewa’t Byl processing.

Auchg%n?c ata dl ﬁ%a?cis {rﬁr}l tgg [ﬁgﬁer nﬁ"toﬁacgf ﬁéerggkfthlé ﬁ)‘ﬂﬁ&éﬁﬁ %}%r the modem,

throughfaPhitaBE I3 aervieiate adeB FBIntSS ARPIGONg rand o m z es
the digital data in each | ogical channel to_"whit

[0076]nd Tﬁrptlplg SA8 @qf@nerhep@remsq: betwees Lipiein? epe Iﬁwér ef .the system

{
o R ST e PR 00Kl sy e
and rafef Rkt th@E&@l@b #fdE NErdnisfee frames that carry mformatlon from Layer

2 are referred to as L1 Service Data Units (SDUs).

[0077] The concept of logical channels and their function is central to the transport and
transmission of data through the IBOC system. A logical channel is a signal path that
conducts Layer 1 SDUs through Layer 1 with a specified grade of service. In FIG. 10 the

11



domain data and aid in receiver synchronization.
Scranbling is used to prevent long streans of |'s or
w@2@4/08m2peri odi ¢ data patterns which coul d caR&BEUS2003/030569
difficulties in the synchroni.zation process, or
logicdi 'dHahfd18eck IaBLSEd DyeRRfOMISud0 1 IPANPIDENEN, dier B8 underscore
frequency conponents in the nodul ated signal. The
indicatey thatthe deaiis theflogenl dbarmehis fomeatieddskacéton | evel

078 S e i, SRR BRLES “Fhcn e
.. ¢ ... i 3 i . {;E II$1 1 1
riogSE30RR) pRELAYLOARAE O kil SORATANEn b iona g
FM degmdilasori T sienavdaah legica mhhect] aoedsdraneldd 40 ganslomize the time-

Anot her benefit of scranbling in_the l.o i.cal ¢hannel
domajns dafgagnds idein ERREIVEY SYDCBFONLZAUGR; ¢ Jorambling id Hsph (@ grevent long
L e s LT EGE IpERbdi hehidh MR BakRIG i Qlties in th
Stremgée(r:bgdlest eoga?)g.p\éﬁgg%?&%'ﬁga%%utgl to the aél,cr an‘gl eré,es e
synchesrizition protésy,cor wghterdedcinanfeedise fdue ro thighet thaBARerags frequency
sel ected by the service node. The outputs o

f th .
compepetHsH) Bednedudated spatlerhe sapbling is QRN Ui pgdylgjion level
e S8 MG B A8 RSP o S s don

- the lopivalrennel fridrhe ehdditlg fod abmvenntar kb thishese aliteinformation bits are
enerator is a linear feedback shift

register. [008 !
scr reicl srsiliy it o spmPYBaL scranfled Sqdylatecbpienaly e{’r&ﬂthf‘ﬁg;,eneﬁt of
h L o . . | . . .
e UISRTF PO A 0 1 35 50 10 oESRUR) g e
the res€ipar atuglknowahé sdrimblarcald &l decédld thpdnial | el scranbl ers
are identical, but operate at different rates

[0079e peae mpustiotthrsaembles et asdvenngical ehamels dfomiiedy! SAP, as
. i mal - [ '
B A5 T %y S LBy T s o

scranféd/ Nl Br. eddh 6 IR ablite 0dgical ScHapndlk.ed The asesdiatlef [ameates a
IS generated Lt% nmodul 0-2 addi ng the associ ated i nput
pseudsirandgint Rodenwhichris aspme2ngpned Bfith; the Bp¥ R vegors. The code

sequence. [0081 r.1 of the FM system converts
geneliaﬁgésr %ﬁ??%%eegﬁ‘é“]kss)bg{ge%%%ht rol fromLayer 2 (L2) into
[008d1he  EManRY %B@i"ng‘cﬁ)ﬁ{pn’fsésaﬂférﬁlﬁ&id?@ df ictandlivbFchanel. encoding, and

I'nformation and control is transported in discrete

interleaving Skewt imKEs \). aEaehl lopishlechappgldascrembledeind enppdsdgigparately

the L r servikce. a S, Rojnt.. . e -
and {1 é’ﬂ%a?%f f‘%gn%asfal & escﬁqréb%grge?grirdg u{agAg%t %}gt? gt different rates,
depel%ﬁﬁ%’ | G thdlab@vel Rédvice (HB) . Edch 402304/ 8302k a maximal-length
PCT/ US2003/ 030569 [0082] For each frequency

scranglding sequencedising & linesarfeedbask ghift fegistagHvigh srigdiiNeepolypmial. A

. DUs i,le the. referen ' : . .
st o RSP ol RLBDOR R AEI S SRR i e
bit with theC@IHeSporldiBIENTMe E@adBing@éeqaéddeer end of the

channel frequency allocation. [0083] The LI SDUs var

[0081]n siLaperanof the Fivhsysthap eeriery ifarmaongad sysiem peaeol fm&{ayer 2

servjc de,. a j.or conpone st ntr. .
12 58 S B P e SEBR s P10 U T BR8 gucomor
transié&%an'dd3 glatdfé%fénﬁl\nsfeﬁfﬁﬁﬁesaﬁ§ aasltipR loBRal HhhEIS TR uSh Afe Layer 1

|

service access point (SAP). These transfer frames are also referred to as Layer 1 service

data units (SDUs).
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appl i cations, higher protocol |ayers select service
nodes that nost suitably configure the |ogica
web@nnai2g4 The requirenments are al so the crit ePCHUSIN3/030569

sel ection. They include selection between hybrid and

[0082?' ' -Fléxgéatcﬁ' fr&jélgﬁ@ BartiBaR ddAX RAPGHGRS dlNthEUPh UG t@fvey the L1

hybrid si"gnal or separately wth an

SDUalwmhh Yietraferaicg sabcariits icorvbyasygieis Fenteh roboarigssye numbered

content | atency an ge5|red Si

from &amhgwwtyr Grrrogy Caisbrbniter st BF Pe e i iuner aiqeation
[oos.{; _ O$D@fgrt he, s 2k Stk 19 %&hd%‘é{mﬁg oh b'E‘éM@ae“ﬁfaHé. The

I us C asses 10 an

serv1déatrﬁbde[ 09814111]0}—366%{130116@ 90 ER6a V@‘ﬁtrsystlﬁeﬂn@ﬁfﬁ rid  thangmission
Layer 2 for 'use by the Layer 1 System Contr ol
charapiegsténssof eachhlpg®pk channebnt ABer ayeassng tl(esmperements of candidate

oo RS B 45050y SR B R TR Ry R e e
loglcilaé"ﬁa%heh?re' Thé req@imeRB bt 86 QRY Q:Ihteﬁ’ﬁﬂ ﬁt se@éoﬁoﬁentl“hey include
fromLayer 2 to Layer 1, while synchroni zation

selectiorf betveen diybiid andeall-digitehigagier band; expapsiens i compeHionawith a

BTl S5B3RS, AP FRIERIE P B comen

latené}h 8nd/ ﬁédll‘éﬁ%l gﬁﬁéﬁ E]ﬁzmtg ONtHeOplufeBRPeN Rl ERdnayk defledtyve@ninherent
Layer Layer Several bits of the system

ﬂexﬂubtyt cvfothe dwtian,s\ﬁhfg}e meppodis simgwizaneous' dediyeraldrarigpeclasses of digital

ontrolled fromlayers above LI via the primary
audmr@@ec{a\%ed control data interface and the secondary

[0084]e sef ¥R 1CAR FelbiveiedyBrehléltloRfiBm 1886 ForAuse &y \thEEay# dSystem

I's a specific configuration of operating paraneters
Contmbd‘tméqssorg Thé rS(ysrrghquDntr@eChmrﬁ&@CHé\mﬂlnSP(aﬁdcontrOl and status

norg S S RO NE T S5 TR ol S, nd

P3 1n@ RA0&! Slect! 8 sEntdFdin Ray@iBdo ]Qefyeﬁh VRl ?ﬂ&h‘ﬂoﬁ&atlélpﬂﬂ&manon is
e seven primary service nodes are

sentﬂMLaNEiSltd\lE@priand MP7. They configure the primary
| ogi cal channeloilﬁ The four,L secondary

[008%]51 Wtewtr atamuen%bsya %eaﬂ?chﬂfi?t% ﬁgsctﬁlg des Srre%erence
subc&rﬂgxt]fé?t st gx%nc é%anc{u(s)g?ﬂ:m%ohﬁgl' CRhponBRs Bﬁﬁye'd%eﬁv&a'ngﬂh%r 1 and

ucts |ntransfer franes into
LayetazyerSeizem thlits mfsmecsysﬂem gomdrd ddta sequance desighatedyi‘esdrved” are

contrﬁi/l%(ier VI ngﬁ f Pbglly Vidy ?{g}rtgetl]rgld‘g%rgc%q;?oq ;Zi]gaaﬁl?erface and the

seco ﬁ%&%@v@dc&%léﬁthlﬂt&% &al channels are wused in every
service node. 13 WO 2004/ 030224 PCT/ US2003/ 030569

[008610088] sdvizeemadeeisf Depecifid oenfigurasignce] opermingepasamgtprstspecifying
are used with both t brid. Al l i tal

throughpus Beikarmantelevely sditabiogciiunss. Bidsrfige proges dictate al

perm]-s%pcll@ confi A @¥Fords th@plB R4 Eﬁnﬁefsnf'?ﬁéf@ta'r@% fofHl €f eleven service

supported”by each pri ry 'ogi cal channel as a

modésunThe gavenf prigpatynservice arodies arendti, _MBI;IMP:’n MP4, MP5, MP6, and
Apﬁ{fg{)é(qloggéuere It}rl]ef Sﬁﬁaagy' lgglca cthgnr?efls. Pji"hg?or seco%dary service modes are

MS1, MS2, MS3, and MS4. They configure the secondary logical channels.

[0087] A logical channel is a signal path that conducts L1 SDUs in transfer frames into

Layer 1 with a specific grade of service, determined by service mode. Layer 1 of the FM air

interface provides ten logical channels to higher layer protocols. Not all logical channels are

used in every service mode.
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Approxi mate Information Rate (kbits/sec) Service Pl P2
P3 PI DS Mode Waveform MP1 98 NNA NNA 1 Hybrid MP2 98
WOBm40R224 Ext ended Hybrid MP3 98 N A 25 1 ExtRemEs2003/030569
Hybrid MP4 98 NV A 50 1 Extended Hybrid MP5 25 74 25 1
[0088Xt eriagle EaHChrirry 163i6H1 chhnpeRPhich ad sl i }_@ﬁ i
brid, Al DLi“SI?tal e chinpelinioR ot hobh dich ¥oft (g 98brid an
All Rygitabiwgivefaims.[ 089 areT Henatedhne P$j R2,sB% omdaPId. oghslal 1 shows the
hannel s. that are used o wiith . the | Digital
PR Fﬁf’nﬁ@y f&?eestwaﬂ%%ﬂw &achsprimagy @S@,al é%a,nnsisas adfgnction of
primatyPRrvidé@Rlbge. 2 shows the approximate information rate
supported by each secondary | ogi cal channel as a
f unctTable bf Appexonate iyfogratidngRaterofiRrimTigtilagical Channels

‘—Appﬁra]gkme—l—m—emcay—en—Rax—%gL—Seeendaw Logical
Chan P@OXW%P%%BP&@F%&PQS/FW ornati on Rate

Ser(fl,@@i (57 seC)&;\%‘ode $3p3527S3 E‘%@g) SHBS Waveform Ms 1 O
El

Mode0 |98.6 1 O diftal VSR U874 28 Wabefarndl | Digi t al
MPYE3 598 49 QMya6 1 |A/lA Digifa VB4 AHdARiZ> 0 6 1T AT
Digital [0090] logical channels P1 tlhrough P3 and Si

MP2hr gutfh S5 |V/& degilgned t o|donvey aydixtendeddlybsitia,

NP hiHege—FRre ey I%OC Bat-p—Serv-eeH{PH-BS)—and—

eco?ogary I Dat{ 22Ser vi ce ! (I DS) |IFdendsd Byhednel s

MPar € [dgs1 gneady0 Cadlpy I BOCIara Servi RS =
infdrmati on. 0091.]56The pel formance g%&%ﬂgg c%lldcal

MP6hani2l i s [ganpl efaby descriibed thrClEdfeﬂdaﬂfpybrid,AnDigital
charlacteridation paraneter$: transfer latency, and

MPpopsthhess.| #hann¢™N/Ancodi nd, spect r| dixtendag Biyhg, All Digital
Ft g Eaver geptinand—di-verstty—detay—arethe— —

MPZonpoir?:nts P thed@ characl &r i zat i on ExiedggHybrid, All Digital
2004/ 030224 PCT/US20037 030569 parameters. The Service
mode uni quely configures these conponents w thin Layer

[0089] f o/Thersarh secsecomdarp tigil chimmalsahat drdasegloonly with the All Digital

wa etern]'(,}pi ngrt e agpro ri %e ghar.acteri zation
VR et ¥ T FURKG 25 8 StndSséfvidce b PSpedizbieed shows the

apprédifater iﬂfﬂrﬁﬁti@rpgatéi’lﬁfdaﬁe ing L4 i L8 i

bP frames through eac act‘?vg Fog%gg{ldagﬂgoﬁﬁ%a? .@H%ﬁlgg%afuncmn of

secoigbunesepvioc e®de.ng st ages shown in FIG 10 are denoted by

a | ogi cal channel

Table 2. Approximate Information Rate of Secondary Logical Channels

Service | Approximate Information Rate (kbits/sec)

Mode |[S1 [S2 [S3 |S4 |S5 |SIDS Waveform
MS1 0 0 0 98 |6 1 All Digital
MS2 25 |74 |25 |0 6 1 All Digital
MS3 50 (49 |0 0 6 1 All Digital
MS4  [25 |98 |25 |0 6 1 All Digital

[0090] Logical channels P1 through P3 and S1 through S5 are designed to convey audio
and data, while the Primary IBOC Data Service (PIDS) and Secondary IBOC Data Service
(SIDS) logical channels are designed to carry IBOC Data Service (IDS) information.

[0091] The performance of each logical channel is completely described through three
characterization parameters: transfer, latency, and robustness. Channel encoding, spectral

mapping, interleaver depth, and diversity delay are the components of these characterization
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subscript. For exanple, |ogical channel designations
are subscripted with an "S" after scranbling and with
w@200803@24 er channel encoding. In addition, theCpUsIU83030569
notation (as in P1'G indicates that the | ogica
paran@i@Rnathei erREPERES ediqlielyl €iriptdey thédarcoblnemts R¥ithae dayer 1 for
channel and is destined for transm ssion in a o
each gaqtiver dogicahoehanpal, othesdhy sdsearmining wihehiapprdpsiatel |chameletization

paranfRSAT b WP Shef ARG BR ARIPRRAAL bulyBefth of e

transfBLtriBEdthtdiBh \eadH e lotiedl chiimeRs vectors. Each | ogi cal
channel has a dedicated scranbl er and channel

[0092dhcoBeme prowssihg Frages shayap in 0GP areslenhedi byt erlpgical channel

he n Laye an ayer. of the system. protaocol ...
subscEpl O e D en doate DTSR eoRpuions 4, ypSLpon i n 5™ after
scranitﬂiﬁg $h@ Wit ARG aftéd EHhnHell éihk!@diﬁ%.z & adftion, ah& pAR@mBtated (as in
by the service node. Transfer frames that carry
P1’g)iindicatessthatothe lagival chymel B pravessed elifferemily than s ‘WhpSeld” channel
.[0094] The scranbling function, illustrated as bl ock
and iy destingd, fydransmissionandh different gagtignioh the spastrpggivishin the allocated
0 P ) | A
band R Phe (iR A rUBRE oPl-BER o L IERE B parl [ o the fact thar
data Ghpmwed beeekarite Nelidud fhfdiohs ildeveciory, Wach RgRal channel has a
~distinguished by the "S" subscript. (e.g., "Pls").
dedicpigd 95y pmbles ARbehampelsaredsr- as il lustrated in bl ock 164,
ses [, bt , 1N r
0003 o TP St 168 Ehinf T Eeeuie CofG TART et P o B system
protofdlsta@R] EhdhychahndlRterPLBRE D eediérechansRl frampdiwitfiiiGue size and
Channel encoding is used to add redundancy to each of
rate defpaminggibydhe soraicaanade ol japgenifamesidat eqriyainformajion frophbayer 2

merekér%ﬁﬁmaétfgﬂﬁéfOf mati on. The code rate defines the
i ncreasein overhead on a coded channel resulting from

[00943hanmed s@AEREHEincHiE illGbARdr 3 theodksl G20 fanddiiAes e digital data in
information bits to the total nunber of bits after _
each degi¢al chapipd g6 ] mitigateo bignaloprsiodiniiicsdi A the autpusroh Gf scrambling
forward-.er.ror-cqrrection.channel encpdi ng ,.that. e
funciiofl BF G BN g e, RS R e L 00 g by the °s
subschipf. @& gatpRM bits to forma predictable structure.
Unl i ke a bl ock encoder, a convol uti onal encoder has
[0095 e noehannghBn¢ading; s gllustiatedain Hlaeke il 6hnuses couvaletimmabentoding to

i [ ts..[[0097] The si f the. logical .. ... .
add BRI 0B el SRR adt Bl Sotet CSmPRCt religbitiy in the
presehd¥Cof ARl iRpfrmdits. €Pdfnd) dhodhed isNBEd td1add %Elhﬁ@a%@?/ kdeach of

overhead on a coded channel resulting from channe

the logivebehiangels tq improve therrakiabalityfof jthef oamsemitashinfirmation  Thecode rate

_total nunb f. bits aft di ng. .15 WD 2004/ 030224
defingsCh? (DAt Fudsae el tisnlohg Fam RmysLencaiwe. The
code FNsitRIABE b i rmSRIoN H5S 1B fotalRutSes lof Mi_téjﬁﬂté})éoﬂi%é. al so

i mposed on sel ected | ogical channels. Diversity del ay

[00963r ov{dmeplutionakentodingeis defory of forveméewbr-canectinmchains! encoding
o MR TSl B S S B B
structif¥. S@nlike a block encoder, a convolutional encoder has memory, and its output is a
function of current and previous inputs.

[0097] The size of the logical channel vectors is increased in inverse proportion to the
code rate. The code rate defines the increase in overhead on a coded channel resulting from
channel encoding. It is the ratio of information bits to the total number of bits after coding.
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[0100] At the output of the channel encoder, the
| ogi cal channel vectors retain their identity, but
w@e®@4a3@ 4 ngui shed now by the "G subscript (eP@r/PsS2003/030569
"P1G'). In a few service nodes, Pl and S1 are split
[0098]0 PTRY bAle,dfh LRtmiebsand comsiRh-ale By ehadeORodd. DiMrsity delay is
output. [010 Intérleaving 1n tine and frequency, as
also isfposed om sélbaek 1opi®) chamelspldiyversity glelayiproygdesea fined time delay in

effects of burst. errors. The.interleavj t echni ques
one Gy 67 PPEHedY EGYIRelGr $mq ATPHE N B A (oA AP chann
impaﬁﬂ@ﬁthM}%ﬁﬁﬁ%aﬁfﬁﬂﬁlﬁﬁv@p&%_ The statistics of

nmul ti pat adi

g In the VHF channel, along with

[01003d] adentie otiponel thentlemhelr ewoderatticeligical ahgmehrvenps rofain their
.. Subcarriers, for exanple, the upper sideband,or_th .
identity, Rt 255 glspBadshegn %i tbﬁsgofsug (e gi-déiands!® iy service

| Y f i i .
oy LTRS84l SRR 00l Bt
[0101]nt eldi@leaniag) inC dfmeaacoffoqubaty @& stewaonalblekgde is employed to

__"punctured" noncatastrophic code. Furthernore, the
mitigag| the |§EEFEs R diuny cstoat-i Pe duterlepving techpinpey arpgailqred te/fe VHF
. [ [ . | i i . .

rin DR 4 e Ll by TR BB ofmtipan cin
in ther'VHEBr dhaafiell alongt Wathvatiacehe chgmed intdifi@sscef nffepte hayge gnolips of

time fading statistics influence the interl|eaver tine
subcaspierh, bR PrRplgy SRt YPRaRtsidabaRd Oh otV sldcbavd. LTt Rortiofgeof these
sideb]c A uﬁ{éc%heﬂ'emigg lr%ﬁﬁé HPplading XBadbité Ehohﬂh&tﬁﬁe g:nl;g\/ﬂliing good code

ae3|gn. iI's i nter eaV|Rg résults 1n significantly
bits M@HaEfcéOOUBY pesifepdnzaNani Accoignaiagn e reasbmabidi good “punctured”

process, the logical channels |ose their _identity., .
noncatpBrophice¢qdeavEy gt thes mytph dpding statighicrein, thg typical mobile

for . G Ll X po] P f.0 . :
e G B S Sl R, P e e
propdfbhdi @6 118f véhi@e speds MHebe thequipey bndi tine Thding Btaeisticdnfinence the

~matrix designations reflect the spectral mapping, For
interlexverptime spap\vendhe{prueRFyt freiepavingr W NBE ncqssr Piton dhe t figquency

.. spectru and, © Sx1" henS ed .o
Q35S 8 P iR oFRAR 0" oBE SRR g R BBy
moreFoBER SRk fdemards il theehimietd Th hiblpeedess, GBe 1gge rchbigllose their
matri x of systemcontrol data sequences that include
identigpnilhe interehver eutpat if stiaiugd is amyates fopeps) Eaghymatrix is comprised
br oadcast . on .t he reference. ri i S: :
of onf o e Rl BhTHEAS U Kb Bt Boffiine g
spectRuRC athe iifterlbARP nidix Sbapations Rifleckihd dPectRs iappmg! Fr example,
interleaver matrices and the systemcontrol matrix to
“PMY mapoyenke Suipay Mait portiop of fhevspeftraacmda8&ily gnaps to the Secondary
I nt aver trix. s processed every OFDM synmbol TS
EXte‘i‘%“S%SB% 108192% SuP Sﬂpr{l/‘ect or X, whichis a
[0102] eqg9&em- CeEd] ProREiRgend alisatedfin thiecks i @8)adenerhiee a matrix of
mapping is specifically tailored to the non-uniform
systeimeentiod datacseqeenges dratirriudenepnirel and gigiutsi Gvchogs senece mode), for

er.vic de. So cont tol 6 2004/.03 » e »
broak G i (7 Gasaa i o T BT S AR i for “Reference.
[010%160 e g)f@M_tsabs&ﬁef Rlapping emeeAtin GRICR1F0] Rahdhedmerleaver matrices
ecoding in

the various nodes. This control o
and thesystara tomrol insatre e thel QFDMotubrartiers| €neagw ¢iGaomjctiorpaprieaver

matn'?clhlg ng%{)c&seiee eév%‘élf Wssyrsn%gms ! ppcld%gei:( o%g %htp%? Qg&gft X‘? which is a

frequency-domain representation of the signal. The mapping is specifically tailored to the

non-uniform interference environment and is a function of the service mode. Some control
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of the tinme-domain FM waveform The input vectors are
transfornmed into a shaped tine- domai n baseband pul se,
wQ aqoap302ekef i ni ng one OFDM synbol . [0105] The PCT/US2003/030569
Transm ssi on Subsystem as shown in block 174, formats
i ' W&t 88 ahdl@ecoding in
Infor Dt e B B Dt ¢
the vazivns atodbat Tios cadtebl inforuaivmyis gprecahyvmmt giterteaved

addi tion, when transmitti t he ri waveform,t.his .
(0104 uncOF B Sianel Seeg e AraPSR TS AFEe ng bt ectfiil Borton
o by Bk e bR ARG D8 are sme
domalxbae6ied poyde! {,dr) vediafngroneiGFlaMeytobddl.by addi ng Primary

Ext ended sidebands to the Prinmary i n si debands
(01035 coBhe Tranwtiesion SHPRSEER ol BRSAr in [PREES the bascband

endi ng_on .t he senvj « QUL includ bol

e R B RSV S A BV ki e s

conciénaBas ManbBr fré@iehcMabrosveddbandn fdiifioH], whenatinsBriitimgr the Hybrid
Mai n si deband i ncludes ten frequency partitions a

nd an .
wavefatth, thie fgiction efadplsirsdhe anpdes J9UEe WILOMLIRES JLUWHER ‘ggléaq signal
356 t hrou 46, .0r . - thr, - & The upper
to forgy ﬁ%‘PE}"%‘gg&a’&@aﬁ%a%: gﬁgﬁ?}%‘ glfﬁﬁt?%égéikgﬁc arriers 337
[010«%]hlr oggh BRendanaIforiadweneisnnalst ictdatd) by 3ddng HPrimgly Extended

55 (two frequency partitions), or 280 through 35 .
sidebéfidsuto the Brimerschlapasidebandsyrpsent iryige HyRe vysvpipgmyas shown in FIG.

Ext ended si debands i.ncl ud ' - .1
T
the ifde¥Bdde! ST QBENPHMBA Mhini s@R®nd.Or - 280 through - 355

(four frequency partitions). The anplitude of each .
[0108ubc Fach Brimasy Mpan sidchpd anclades|ten fraeuensy. pptipacengan additional

There is.a match bet ween Si gni-f Lk can €x4e
eterg et B AR RO TSR legfspte o wopr
Pmm%ﬂfﬂiﬁsﬁ&q st RbhARGhEITBN bifbcarPRrs B3I 7ethfdughizhh qaumd freq@acy partition),

I"ts are located in the nore $pﬁrotected partitions. N
318 {hod@8]35FHevaFleqBingy pattitinas)edo? ¥ theoushPob (frur gqpsacy partitions).

i sabl j h | 0g. Sj I [ | '
The glg%gwﬁa{]n?pr%f E{(t%lg eél? iglrﬁ%t’%'%ai ié]]c{uéis %qbag%lgﬁsggé'ﬁg rt]lyﬂg%}ai—%g (one
freqdeg}f‘???gxg@éﬁf, 33£CR0AN V3535 488 chdy pAraLiGRYGCoHT WUBO through -3535

vaca by the anal og signal . e spectrumof the All .
(fouDrgqteaty wantitfons)m The smplifnderofrrach subcargerois]scalgd byyan applitude

scalép fabign FOFIE Bt 'STER DT ot FR BT VoL gRgdd, BEESnd. he
partithéa{se&ss&me&' kepe ﬁ{b&é Qlbjd Pt BphRhenRa Soeslofer Dynifi¢any eodebits are

o Layer 1, includes’ Prinary Service Mbde Control
locaifeB@8Mhe nBme prolected Setitidnse Mbde Control (SSM, and

o1 R B3P STy Ry amig g, oy

I irfed f afgithk sRIRBSMHs Huba | sidand 18Wér-
°*P ﬁ%&@ogﬁdﬁg{g? Pﬁég%%gg?,/ (%:l%t0569 Di Si tal vvac%rgzgfjor msr pOwer

seconddry sideBirels sh #euspectniro vaeatedoby hassalag fsiena. L Hieespeatrym of the All
. Layer consi st s, Szt[ Absol ute LI Franme Nunber (ALFN)
Digiggl yayatognde o Rt IPet) . I n addition, several bits of

[0109] The System Control Channel (SCCH) passes discrete transfer frames of control

and status information between Layer 2 and Layer 1. The control information, passed from
Layer 2 to Layer 1, includes Primary Service Mode Control (PSM), Secondary Service
Mode Control (SSM), and Amplitude Scale Factor Select (ASF). Status information passed
from Layer 2 to Layer 1 is the P3 Interleaver Select (P3IS) (for Extended Hybrid and Al
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the system control data sequence designated "reserved"
are controlled fromlayers above LI via the primary

w0 emaeseed control data interface and the seconPEr/ys2003/030569
reserved control data interface. This status

Digitl W £/&fkos @A1y3N Ghé Btds InfolAgkonCidsdd fedifl Liaheh ICRtIyer DEonsists of
the state of 'the control information (wth the

Absolelf@bbﬂaam DimAeF(LEN) anddaloBlesk CGawnt RO dnedditios, several bits of

carri The ce .hnde d

the sygg: F‘Hﬁ‘f fiﬁtgﬁe&}?&c%é?sﬂ%}ate éeservfed { A qoggf)@egqt Frg’mtlgfers above L1

via tieBAMAHS res'&%& CoRfr6l MR iRRHhEe byd e Hcofi@dryieRradesmirol data
primary, which configures primary | ogical channels,

interfaged Blgs statimripformaiiorhambibe |Iduble<sk e A ingdidatays ofithe state of the

conrJAniigoRTon PG e SRerPLER AL Lohgnicest dpgfie ETerppce sublarrcrs

[01163 €COPHRYrviledf AR Afictates tﬁ@"coﬁﬂiﬁﬁ%ﬂn abdd ge&sﬁﬂméraf the logical

Service node is set to " I n one enbodi nent of
chamterrse ‘Bhyest em tva bastcaﬂypcsf ofaeeummséwu menmydwhich gopbgures primary

var.i.ous conbi nati ns and C ass s of
logicqlGpTiels. HiANes SRHED Gk CTGERTT SHPBIAT I CE PR

I vinge n ) i
O], T Sy e e
modesD Hmcc(rﬁ%ﬁjb&dehaedsjm mgnp(emit dse sek/Sﬂdary/&Zylc&/BR)de angdt to “None”.

[[0113] T e Prl nmar ervi ce Mode proyi des back
In ong GAREITBTLI0F Jhe BESiANel (P3] L ASAER BPGey SRS, AIBEOR it deivery of
vario é’on'i‘tﬁﬁ\ﬁtmg %ﬁd ass%pgf tggﬁlrhuﬁfd a{rJd @@L ry the Prinmary
ervi ce no can be decoded by any receiver.
[011Fr | n&hy aste\revpmﬁanyméewm modses (RM®©dre dgsigadtet as NEH, MP2, MP3,
bi nar 000110 are_reserved fgr future exp giggn. .
MP4 RevRAES. il MEYr Eheritikaafeandas satesne eﬁ? ) are designated as
r r y service nodes nust maintain backward ~
MSl’cl\Z[?’}ghl}dggi dtl{yxgavvlth one of the service nbdes MP1- MP6.
[011¥s aThe nPrimbiy ISeekvarModomatidds [batwardctadpsibilithe Backward -

PI DS | ogi cal channel, the system control data sequence

compafiility sasyyes dhatiay agwdvedes of SR ROy S pgrvice mode
a al Tol) ‘

that &ﬂga {iﬁcag&f h’ H? éé’é% tegl Prﬁigb?g @g%égygg{i‘ev Iﬁfgglsssi = e&{t% §¥eater than

binarl SOOGIdRWared ré@[mﬁt Ifdiﬂ gutitd h:xbyxb;iord s &owieoer, Mddessure backward
MP1-MP4 is also a hybrid service node and the

Com%léblélﬁd Al reservod PEIMABY SehYifst mpdessiapstt laamt% fackward compatibility

" y

it (R0 R ABES ATl BB o s

the PIDS abgicalfchbme] covfsygumaonaos datBetduente (RitriarR) &hveyd over the
only the Pl |ogical channels g‘g%be supported. [0115]

referqnge rsubc‘ra@a%aw eas BA dagigel haensd ehich fan pppArY medium’ quality

di gltR agld Aﬁg &gll;v?%p?élog% %lLaY r?selc)I X bxrﬁg{ X(gﬂ?%}bgi %ﬁ@g@fsbﬁlc\i/ﬁfrvme modes

MPlIN’[Pm g hlsWhylﬁchsdrﬂVﬁhﬂdﬂefahﬂ thb8edndary @itied mude et e set to
e Only primary service nodes MPS through MP7 18 WO
None(04/ 030224 PCT/ US2003/ 030569 nmay be paired with

[011@eC OrAd ?ﬁﬁ}aﬁg %/ hlgC% A{ﬂ?&’ee ?naysm%mu]ﬁ %%%Wco%ﬂbﬂlty with primary

r oadc
service modes MP5 and MP6 in one of two configurations. Both the P1 and P1” or only the

=

P1’ logical channels may be supported.
[0115] When broadcasting secondary sidebands in the All Digital waveform, active
primary and secondary service modes are both required. Service modes MP1 through MP4

are invalid for the All Digital waveform. Only primary service modes MP5 through MP7
18



Digital waveform Any conbination of these primary and
secondary service nodes is allowable. [0116] Primary
waeoniodre2srode control (PSM and secondary ser vVPCEUSIOIE030569

control (SSM are received fromLayer 2 via the SCCH

may B pdifR8 v(ll@ﬁ ?ecgﬁdarys%ﬁéic@ endRE YISHARGLH MEE WM YsSicasdinkthe All

on an L1 frame boundary. However, not all service node

DigitdhamgdsrranAhye cefibimetient of dhess nity {nfi sdeondary service modes is
dj sruption of Layer 1 service). [0117] In service

allowgblges MP2 - MP5 and MP7, the P3 |ogical channel may

[0116('1t | bAfhaf) %el?\%%%m%fié BNl epSI9A8d bé&bﬁﬂz{rﬁ Slce IRt bontrol (SSM)
ti me span). e long interl eaver de i's nore robust

are relchia@ad friokreLayep 2t via teeS CEH\at thedmfst R;. $¢Jvmev enqdetchenges ntp invoked
i nter| eaver (about 1.48 secondﬂ/ results HHa Iong? ffocted

only ga@8del fiapme RNIMERYaf HOWEETy RRLALLSFVICH ARG Thapees@p feeetiecte

tuning tine is

Seamagsqgggﬁ?&lb r&bﬁi%ég)%ggéarge%m a short interleaver is

[0117gsedIn id@ﬂﬂ:@hlold@snmmr— MiPGraind |MIP'e theBY krgidai; claannell may wdize either
term in regards to the PDU length. A's

a shortrfr dengsiatesleaws dapid (Himespanin Thedon mE?FleBYecr éieath ig,mopeyEpkpst than

o r | st
the sipbipdfiolt el nou B L E B SR F AR LB Fr i Presuls in o

long dedode i@y @hichSaffectspageavee tteing 'Iﬁhﬁ‘,r l&afdns aadidcanié:@fl’[eard Thls long
bet ween robust ness and content avail abil. t%/ del ay
tunmg@p@ylsugaccggtﬁglpdw@ae cages, §0 gishrt Werg:aggelép 4% user for

[Ollﬁhz é}l 1::) §l}o§t5%%er1te%e??s Itéfatl% Kcé:fnf ﬂfx%%ﬁl%ﬂo {h@‘ﬁﬁﬁlenéth A short

eaver nay be $ ted, resul

1nter1bb\FBr teRBapsoltestanestourt fof it uﬂ"tmﬁgﬁall RDU¢ ohile dlelloﬂgl 1nterleaver can
under a given tine and content conbjnati on,
encaprylase bﬁ@gmmmveraécqoaﬁecutw%@% | Bifglengtheel @S\)@Pg %‘fﬂwef is a

e 01
e o OB g A .
consfdé@ﬂsm 4 ilinBQ)yl s \Rﬁeﬂfﬂéilﬁ@f o depedid caxe, e thb in$orb ilmpdmsant factor,

i gnor ed en the state of P3| S chan
then @eﬁthemletjsr mvearm%m bg s%lﬁ@e%dewéta?%/)n limited rebug ﬁ% t¥f| 1}‘?8‘15‘“653 is

erv

cons@egego H{lﬁ!leﬁljli %13\1761} ﬁmte aénd colvﬁg% 8%@?5%&04 b@ tﬁ% In'}or@ ?m@?rtant factor,

then ﬁll‘&fgriﬁ{eﬂegb@&&@%elsele&@@ state of P3IS dO not af f eCt
the operation of any other |ogical channel. [0120
 [0119he BRahueriaaverdSelpgn@BINeis Isecived foged2asa dhe §(QC‘GI§ ofVhen the

sl G S S A P B e P SIS T Spen e
state RGBS IcBEh e (3t dbtdiddObmad LN Franie lb(ﬁMGEryX wl@léatbmadltﬁ@ in service
processi ng through a | ogical channel. order to

mode MRr-e NGRS @l VP + mgrmﬂéae@nhsqoahmagfdnmlaeetr@nSﬁ%SSI%latfﬁhim logical
chanPﬂLgﬁpgﬁgﬁgﬁﬁot &fzer g}gl’gﬁ g mglot a% (éﬁh%g&dse(r:{{(ﬁn&aw& logical

chanh&at the start of ALFN O occurred at 00:00: 00
Uni versal Time Coordinated (UTCd:% on January 6, 1980.
[0120he SEher tralwhﬁémbsggnslumedmerﬂgaﬂ_ d fas svserigscf gnigue 44 frames of

dura%?— ne USZ'g #ﬁ%ﬁ?l teI Ps an ordered aofnte %1mens1on\gpcgﬁ)ecf'og P28t vits of
specified length originating in Layer 2, grouped for processing through a logical channel. In
order to reference all transmissions to absolute time, each L1 frame is associated with an
Absolute L1 Frame Number (ALFN). This universal frame numbering scheme assumes that
the start of ALFN 0 occurred at 00:00:00 Universal Time Coordinated (UTC) on January 6,

1980. The start of every subsequent L1 frame occurs at an exact integer multiple of Ty after
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that instant in tinme. The current ALFN can be a binary
nunber determ ned by subtracting the GPS start tine
W@ 0@4081200 on January 6, 1980) fromthe curreneCIZBR003/030569
time (making allowance for the GPS epoch), expressing
that ifidtent dh i eNigeciirfens 8¢ FNSan gl bttt huhiyer Btk hded b Subtracting

Gti% the frame rate, Rf. A new GPS epoch starts every
the GP§ostaridtireg (06:A8:08 et fnuaioth 19908 fsem dhe r?iltfﬁliltgﬁPS time (making

alow REERE Tad WOepotth, 30Fo L8l e diffprehoD T ndddBS land Mipiapiving the

result/btthe RbmeirgteURLAA hew GRSIEHchatdrReves! 1028 WeeRé. The second epoch
time-critical programmng. It is not broadcast as part

begangyt mifgight beéwm Avgut 31 ugl[SO_@,Zl]99Each LI frame may

oy B S AP e e L
schedhiéet}ﬁudélﬁiﬁiy bf tihe0& oW b g‘i‘a.tﬁﬂﬁgl-' It & ﬁ&ebroﬁvﬂbabﬂ ad |p@ﬁkof the

count of signifies the start of an LI frane, whil
transr@gied Signal. deS| gnates the final L1 block in an LI

o122 gt O 2 T RO B BY B Sk B 85 7,

The ISUBIGK Cohst @S 1'1181c9t%§ %@ﬁoéﬂ@n PR ¥&ferk Qlabﬂ)ck Ryithin the L1
synchroni zation. [0124] [ lustration of

framer elAat Lordodkp cafnt [df Q)Isgokfs:sttbe Iskarf phae Ll £rashowh1115ra BC of 15
. FLG . 11. . T ri rrary | debands and secondary
deSIg%a}t%?etB%\ﬁagnaf@ &ﬁ ?W?y scaled in anplitude. The
[0123]" | rf@ﬁe/Bel idphaed t&m}e% 21\RE 1Y SCCAC 3MMraid] Ry, Mt §s blo¥&st on the
Scal e factors determ ned by the choice of service

refereng:dmbc@nerscﬂndﬁmusedéxmha teoeieerso al deinfsyothworszatmd. t hr ough

5, elected ster for lication to
[0124]]] 87 iffgseraden %@ae@@a@wﬁé biggls L8 ¥ Sofagaddc. 1.
The pﬁ%ﬁ %g@%ngg: %L@SJC@&I&?}; V\ﬁ&;aﬁ&% érug n%dﬁﬁég(?eﬁlg?t %a?&ﬁ'n\é?rlﬁ) t%dre. The
primabEx sidelshad skblb factbrsveny @hd amard fimiesl scalelfactors de@nnmed by Weechoice of -

transm tting the Al l ital veform changes to ASF
servicgaoge ePPEctelPl emlgg yoake Tastons)’ 2 {hengh sy i aplpcted by a

0 u [ La -
oscllots 008 SL e LS5UBY SRR SHRE hondny sideand
ampliseigusmnaie faont atlactidnh(&8Fbiid seddidgfrated.2r eme thee 8CCGxhd When

t he secondary syste Fl%‘gntrol dat a, sequence cantai ns
1

transrgityng, thes Hyduidpia fFatended dixpeid wavefewm. fiit Jield ds ignored.  When
transififitld ﬁa]'elzgat Wital %@@%ﬂﬁb&\éﬁ dd (o VASE Ei}%f&ff&?&dyse@%gegﬁy%ﬁ an L1

cont a’Interface e secondary rese
framedwinhdarly wdthioat distoatifraicyeor c[1§i~ihﬁtﬁ}n i Tlayept Cadrvickannel i s a
ignal path that conducts LI SDUs through Layer th
(0125} SPRECPIIPEY sYFlaRISOBOlAsfa JegrencyIGaNiBIS HEFY ntbgqsz%@ted reserved

) e (0]
e FEOBSAERE coffy e Rl Py R s
Thesel gy ara konthaleddlyslagreastekiliieda tieypilifedyrreserved control data interface

characteri zati on araneters and configured by the
and thessegandary rgEfEYeq sy} datpiniggiageven service node, the

rad el
0126, SRS BB M B0 S 3SR L 1 v
specifixal gragé ef ServiceanBieesrimirgtlogicl, chamekls 8 P1, P2, P3, and PIDS. The
secondary logical channels are S1, S2, S3, S4, S5, and SIDS. Logical channels are defined

by their characterization parameters and configured by the service mode.
[0127] For a given service mode, the grade of service of a particular logical channel may

be uniquely quantified using three characterization parameters: transfer, latency, and
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WD 2004/ 030224 PCT/ US2003/ 030569 robust ness. Channel
code rate, interleaver depth, diversity delay, and

W@ p@es@ek4 mappi ng are the determ nants of thePCT/US2003/030569
characterization paranmeters. [0128] Transfer defines

robubthsst hCIaBPHde Rhte intePBh el defiha BRELsit Hg .
bl ock- ori ent ede ogelrnati ars ggml’_ayersq I;‘dzb%ndasgectral mapping are

the defrrminaatsafrily) chapagtdrizetiethperametepsr ocess data in discrete
ansfer . frapes, rather than _continuous streans. As a
o128 2 uﬁrﬁnﬁfﬁrr SeiaPesw e CIOUShPHG AT | 1, logiFskaclgmnek ; qihst Blocl-oriented
operhtiGH¥RFILASr { I(Shchids ShteADT i ifel thht' i LA &l LG
P or the naﬁrrber( SP a{sﬁaﬁsf e} ?gkﬁréls% th%t:el?ggogggsn%té n?%l:g%rete transfer
framgsiymathet thanapdmipuetd ewdamsel Msdetdsars tHrb@h@_ht g aefidedoin terms of

| SDUs.. [0129] Each transfer frame is un el
transf gAY figh UB,PIe) S0 RAGE Gt aiec o e O ibe? ofvaster frames
e ot oS8 AR IEOAR B RIND e
[012B) t IRach rtamse FrabdeaBRmbubly Achdfidd B Rs FanfBUamt REnlBe: F~

range indicates the position of the transfer frane mhm2 >

whereit 6 thet AEFNI witli afich tHeardnsfnSiaale fsr RERiAATRAH thBnis the BC
broadcast as part of the transmtted HD Radi o signal.

P an:
rangg Hipsis) spapedihyhe frapsfonfmmeswithia lelofieme ne ThustbuBR rhngedindicates

th . t LI frame rate, . Rf = .
c I)"Ibfsafon?ﬁ:thfir a&%}%lgﬁ‘alﬁlg I\Xgla'ﬁ'l fﬁhﬁ Eg fr_ap1 c FW&S&GE ]_fraaleoewn%er 1S not
broagheabt asrpattenf thRranshittetHD Rudid agh#d. of the transfer frame

ate to the L1 frane rate is ternmed the transfer frane

[0130% o u 1Ak transdr Teames graseandugted: theoughduayess] af one of three BE:s:
range i s always O: 1?. For a transfer frame nodul us of
*16thef Hefrdde ragnge. +s—al ways a single integer between O
and 15. Signal ‘trdpsfer between Layer 2 and Layer 1
is illustrated in TIG 11. The transfer frane rate
refatiigsiips gre il lustrated in FIG 12. [0131] FIG
.13 iF‘IustraItaéé%rén ndi vided transfer frane 180, a
transfer frame 182 divided into block pairs, and a
transfer frame 184 divided into blocks. [0132]
'sp@EiﬂjﬂloﬁlféﬁﬁfﬁT& d ghannel code rate deternine the
transfer of a |ogical ?channel, since spectral mapping
The k¥ bf aRARBGILY 130 SRAN ftbi?ﬁd LML G SRl @5 MRERD
t hr oughput . Inrter eaveriodglr??]\éleifs a g%égl#‘gn@{egrt%e@am%r frame
modijes atisea treesfef famé nadetisasfd, tor BEl dayge BoMdaat®US. For a transfer
rates corresponding to the

ffam‘% H{Ogiﬁﬂ'gefb oo, 3‘8‘;3%3? BRet Ketlvayogistigle inggeshhetweep §1@d 15. Signal
transge@:t%gﬁéséglgﬁaf?? g rr%ﬁlag%ie% has ifudtRULA PR3 Thk TRASES Qe rate
relationships are illustrated in FIG. 12.

[0131] FIG. 13 illustrates an undivided transfer frame 180, a transfer frame 182 divided
into block pairs, and a transfer frame 184 divided into blocks.

[0132] Spectral mapping and channel code rate determine the transfer of a logical
channel, since spectral mapping limits capacity and coding overhead limits information
throughput. Interleaver depth is also a factor, because transfer frames are normally
conducted through Layer 1 at rates corresponding to the interleaver depth of their logical
channel.

[0133]  Latency is the delay that a logical channel imposes on a transfer frame as it

traverses Layer 1. The latency of a logical channel is defined as the sum of its interleaver
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traverses Layer 1. The latency of a logical channel is
defined as the sumof its interleaver 21 WO
wQeIaReL24 PCT/ US2003/ 030569 depth and di vePGI/U§2003/030569
delay. It does not include processing delays in Layer
depth, andOdivelo®p dblay. ITN@bsidfordaLIRYS prdBRASEH dbify P i
. .layers. ,[0134].yThe i nterl eaver pdept h det él}(sumﬂlnggl 4 r}énor does it
includerdeltys mperetl ayuppeptiwed. on a | ogi cal channel by an
it erdyeaver . One.enbodi nent of the system enpl oys _
(0134 ﬂr eeﬁllen%rg?rﬂeé‘éi?feiiep&lé &?#&?ﬂn%ﬁ[mwyy Eg dslaychronesed on a logical
chan@Bloby-dn inke[BRver DO SAHMirAk& : BY tHeSsyEtk nzdl}?i i :
| ogi cal channels. [0135] Hi ghgr y%aé%r a Sg[lxge% n%rlga%Fdepths.
L1 blefko Lddtlocknpain anddilciime hBiveesity délihistdie saplolsd b some logical
chEmlngltency t hrough service node selection. Six [atencies
ar & specified for the system [0136] Robustness is the
[0138D1 | IHE8h& 1a9ers Q84 &R knfS | tol1Boitil apoel ..
i npaifg%ent S e sugéﬁg[ggn nlglﬁds?{eb,% t|0n1t8 %1%16%%1@%1? “gﬁld e Zgquyigjte latency
througheseevier modd sleetion eBixtlateacibene specified BURIHESS. | N
]b of the FMair interface. A robustness of 1

yer. Al !
(01357 Rhedingss e #hility ofey logicat chanselsioawithstandshebreeh impairments
[ I j | - obu ss..of 11 indicate .
oot S apeneretd pfa FafR IHOR0 R Headd b IBICRVE ustness in

Layer atafriby FML_aiy éntePaceUA relris@ess dfel indRafeg @UlerERigh level of resistance
stness of a logical channel before selecting a

rob
to C@BP‘%LjiIE’é’aPEB’&%FS’ Phds ryroksstness af 1kdpfirates 2 dovearrielerangeldor channel-

induéedlrord, Ak Lyersity, del .
o et er m ne %tgq%&g%cggtﬁ%g g ng&‘? ggtjlel\élgling 5l%yr8ﬂl§ﬁe%éppu3tness of a logical
chansgg defarakelemingiangrvadefeedes r obust ness by setting the
013 el atj ve power |evel, spectral interference
[ ot SPFSIEH, MapRing. r dyneslcgodgi 1ase, sinteyleaver adepitto gimshdiversity delay
deterff3gh e -ng | asgs_robust ness
© t?i ntro ué?bﬁgﬁggd%fnggg 139/% é}r{égﬁftqhegp?cgﬁfgglpp%aﬁ%ﬁ robustness by
settingrthe rdlstivegrowde pivbl, ispéctrdbmeeferdRE fpﬁfté&ia)ﬁ?aﬂdrfréqﬁleﬁdyaﬁ%}sny of a
. fadi ng, ther eglly affecting the robustness of the
logicploehiannel. Ghammel codmeniicrapsessiohstiasgiby dntredveimgeteduidancy into the
o) [ ' S. ay transfer franes. b .
ogcfECAThG,  JREHLEE, T H0bRL H-a0 et il v, e
affectiny éfestabystedsayt thé $6picd fchgirel.r FMINNSSHe 16¥i8 Shidnels in certain
.mtigates the effects of the nobilé radi o channel.
servigeymeges dlpy rtrasien drames diygh fixed slurationoigi realizec imardiversity. This
arks |cul ated. using these tables and. )
divertiRE opey PE, ARRoRLE, RhEtanirhieihs P8 WregBoy Be Tobite raai

chanfiel.ansfer frane size (bits) transfer franme rate (Hz)
0139]. For_ a given service node, each |ogical channel

[013415 apppmediond epughpnieior lagielicheuist at theek SHYP can be calculated
usingftﬁé‘sg‘fﬁﬁgsyafrﬂ%é {”otll'oa{i' fo%ith lustrated in FIGs. 14-17.

I'n these fT1gures, btated frequenci es represent
of Hzesgpir (st ) € panger fiapetde (bhHAHERGY FiMd e (TBF
| ogi cal channel s share a comon, absolute tine

[013% ef eFemne gives setvivatmads, ebetalogfoat chanheine Sppliedl for £8i08§10Y OFDM

b al.igned.as they enter the LI SAP. Each transfer frane
su cai‘r%ergsogi%?fglanca/ artitions, as illustrated in FIGs. 14-17. In these figures, the

annotated frequencies represent offsets from the channel center frequency.
[0140] The logical channels share a common, absolute time reference, so that all transfer
frames are precisely aligned as they enter the LI SAP. Each transfer frame is assigned a

unique transfer frame number F”

mim2?

where n is the ALFN, and m1:m2 is the BC range that
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uni que transfer frame nunmber F,,,',,.21 where n is the
ALFN, and m:nR2 is the BC range that 22 WO

wQeMIaReL24 PCT/ US2003/ 030569 desi gnat es t heP@DER100D080569
of the transfer frame within the indexed LI frane.

desiditit&s the pBsitibAgf tHRARRRr ﬁlahﬁvﬁtlﬁh lihd BRI 1 frﬁﬁlgesféxgsoq mbering
be referenced to an absolute transm ssion tine ]1

schemeggllops allHrapslighfrmnG: tod@ refeosmcedi ani ahsnlgteetmilsﬂilssgmrtﬁm

h I f
015 2 g 0B 567 s S bk e eriag et rames
recefl@@@N el SAP foPEachEleWi6E rIFRE S Th%; ngigzﬂ'hs ﬁﬁgﬁl&g lt]?at C@é’prexding on
information in transfer frames o uration

the servies mode,(1ogifal dhinrbﬂa)mypafdnn(aﬁnﬁ in tiuinsfdr fbi;rm kof (v'ﬂiying duration:
frames, around an

L 553 1 B O o Gt et PR ol s Sgyeral L1 frames,
arouhdl @Hﬁr@@é&?‘iﬂrﬁ‘amé B‘(ﬁl{lﬁ% Ing‘FNea% (r: %g‘ség‘ch%le{rg%gﬁbbl eciaér the transfer

al i gned he Layer oin
framgs menpieeisely edignebnTheLagdr 1 séreickaceesd PoRIBAPRYER parameterized
that is common to both the AM and FM

°°n°§£}%‘f‘tw§“¥afﬁ? beiegr &ayes Zang kaver & ders ﬁ%g@ﬂ@m do bptht the AM and FM
systeph. LI@EéH/f?s t8 allcf fig uﬂﬁéﬂst‘aﬁ&ihg %% ﬁl%ks ere §the on gocgi ?g?l%,a]'? does not

specific inplenentation provi
implgief spadific amplementatios e irather lirhﬁlﬂes fi E&YMab 8éeeon bPthelservices that

nd La d their use. [0142] The SAP is
flow petiggen eru%@%&“%’?‘f?ﬂ@ﬂ&@w%ach primti ve descri bes

0142pe y 0

[ ngontq?%w Ss/ g%gﬂg%dfé%%gﬂln?r;vets R 1gos FI)l‘g fq% Ees the exchange

of a pm@ucu]at typéihﬁnnfei‘mﬂxion\/\dcbhtrdl]anﬂlcﬁeisér cdatent)Swith @&BEEAE 1.1 Logical
be de&éver d unaltered to the receiver entity, is

Char&’ﬁ  Provith Ld aisch.c b2 ysar sonfsnt, tasbe Sitiyeregmuogliesedtor the mesivedentity, is

el by e 8 S "SOER Bl By 1y A Rl

pnmﬁazeraysem@dtblyild alaresp@didasitte sl REIPh®esossd)anafsive ‘%Eﬂ‘ﬁﬁ@ the data
e/ Jﬁand Layer 2 are control |nforrrat|on and
requesed gyt ﬁb?XOBénge,S hraveen Lagerasanshkayep? areneonival Hffonrmntlon and may

or m 301]04% r-l-?\ﬁﬁnﬁ{e%l%s b%h 89&;@ V‘Langfocr:ml channel are scranbl ed

to ran om ze dormarn data and aid in receiver
[0143]}y nc Mhertigaihi cach 1dEcA bwinel ArdkéambRd th 8B nRLE tﬁeeﬁme domain
parallel scranblers, one for each |ogical channel
data PG@@A‘]‘ imrHeceivep UpaChrenigaiions c Asnthosms inaFEG.t By thetei are ten parallel
SCI‘al’lIﬂggIlSC&{e fgp%éﬂqﬁcgl cﬁ’gﬂnepe LI SAP as sel ected by the

servi ce no ese I'nputs are delivered in discrete

[0144]r anghetinfutamabe sckiblefrd WicSad@ive 108 e %ﬁﬁmeis@ffo?n %ﬁeeu SAP, as
transfer franes of scrambled bits for each of th
SeleC%tbw@ewéw@dmodq: h&heseiRputy pesseelivered Sh ellSCfertatremfarfeames The

oo B0 By 5 PRl RE PRBABEEPs B ol B o

channedentlhes trarfxfdr f@@ﬂés&ir@ pabsedithftBE @RAnneRERD ] E’ééb rfgr forward
on the active service node. A schematic di agram of

error cAgedianbl er is shown in FIG 19. Each scranbler

enenat maxi | -1 ength scranbling sequence using
(0141 AN mitalfiy SAtbIers S ioenticdl byt Rt at fillgpens ates, gepending on
the ag@bleysapidcainody. XA scﬂerﬁﬁtlc@aé?im)@f]the SerFaNRPisAnbwafin #1G. 19. Each

scranbl ed
scrambler generates a maximal-length scrambling sequence using a linear feedback shift

register 190 with primitive polynomial P(x) =1@ x* @ x". A given bit of a scrambled
transfer frame is generated by modulo-2 adding the associated input bit with the

corresponding bit of the scrambling sequence.
23



transfer frame is generated by nodul o-2 addi ng the
associated input bit with the corresponding bit of
W b@4msnanbl i ng sequence. 23 WO 2004/ 030224  PCT/US2003/030569
PCT/ US2003/ 030569 [0146] The first bit of a scranbled
[0146] r anShefirst bRME al Braeiled ah@dedyan® @ug@e%taﬂw ﬂﬁdﬁlbez adding the
first bit of the input transfer frame with
first bitcofthe inpugy trbmsfergfeamfr with dhavpraambling &k Eﬁterzrte@ w@c@ the shift register

s RS, T b o PRSP PR AU ot
frameSi§ k@RbRd. [ 0147] Channel encodi ng i nproves system

_/perf ormance by increasing the robustness of the
[01474 gn@haringl ¢rivedipgémprves ofstah @mrﬁ@lmann@ by inmeersig thes robustness of

FIG 20 h |
the SRSl BB roiaed o chETIAG FIDBBFE] GRS PR 3‘31533;2526@ channel
encodid@prdebyss %hﬁﬁécteﬂﬁécﬁﬁy 4 rﬁ:ﬁﬁ%?@?aﬁoﬁ’é | pHYea S‘y Q(?)Uj t(fﬁre diversity

convol utional encodi ng 202 The I nput
delay @hé frassmit alggaiemt) qnd@onwﬂutanml emdmg@ozf r arres of
led bits arried t rouhthe actlv )
1014875l Shurpig tlm%aa@eé RPN A8 e dT .&? Seragbled bits
8likroull] ARSE Rfie1S "PRAGHDRE bt
cameeac I?u%f t heﬁgeclfO% 9??189{1%5 %gﬁ e S. @%@%ﬁEﬁ%dﬂéﬁocess are
transfer fmske of Enaxied basmsm&se&tj with dable of nhe néte@viopgal channels. The

functio 149 ui.ng_.sections, for
outpuﬁgf“éséf‘?r Wé@eséﬁﬂlgé?ﬁdgﬁége mfeﬁ aY‘Bgf‘H’&PO’&hannel vectors at
(0149 P th@ Al @%Sofor E’i()&ﬁgﬁai'cegve@ﬁé?lcé qﬂ gr%{ %nh& vectors at
Short not at1on by thelr subscri
a partajxe lsmgm of mocdskhiag aer represematia, shbﬂbﬂrﬁaiotatimmy&har fibsariyt.
be split intQq two channels and _del %%/led as thgﬁ't o
1

[Olsﬂint ePeMém@mahH@ sepeomode Joesakeannats £lgamndayl pragvieg

oo e R LBt o O AL 9ol CIOOUEL s

time. cat/erbidjdﬁf the wifected Nokall shdnnelsn dhiggilicdf the valns o€ fhefd%fﬁﬁy delay is

and Tf is the duration of a. transfer frarre

fixed g d¥arilonshereidVaayis éha Pe@bet %gﬁﬁlﬁfemﬁr?f@%ﬁ?ﬁ T ds Fh?p@‘éfé%lon of a:

transfgpfrmg A ﬁdﬁiqﬂl fil%{{y 9%%% ’%h ih m‘éﬁ} ﬁp&@ﬂtotn. tHg dla/ersny

ayed ¢ thanne ar & preci sel y* posi

delay¢d131gﬁalm'b eshiitthiethé delabh@l ¢ctanfldh @yednd Banagd srediRlly osltioned in
wWth the sane content to acconmodate diversity

time BlAlsF 10 g unriclayed eharsplsdP1 apd B8) yitlosha,sme Goskeal to accommodate

dlverst}%&%g{bﬂgn Ct#é'ge%ﬁ gpree primary operations: nother

gen I on punct uring, and parallel-to-serial
{01513 onvessicdionkaGicafing higsiedepen@t | pifidatyS opélaticis: beghother code
bel ow. [0152] A convol utional encoder enpl oys sel ect
genergfitier HNGRUTBS] b iakaliel-toserigh rorvegeionp Eagh whtthese operations is
rate 1 convol uti onal encoder outputs n
descn%gggéle "bits gh,; for every input n bit sc, i = 0,

[01521, K A dNnvdluudShaSenéUdeﬁémpE)yﬁl s@l@éiegbﬁéldtdf@blyn&nﬁﬁlé)io form a group
dinmension n x N: 91,0 gl1,1 Agl, N1

of mother codes. A rate — convolutional encoder outputs n encoded bits g, ; for every input
n

bit s;, i =0,1,K ,N —1in S, creating a codeword matrix G of dimension XN :

810 811 A 81,n-1

820 821 A gy
M M M M

8o 8n1 D 8una

({e»
I
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G-02,0 92,1 Ag2, N1 MMMMO9n,0 gn,1 A9n, N1 24 WO
2004/ 030224 PCT/ US2003/ 030569 where N is the length
wo@Roogozmes h =1, 2, K, n indexes the codeword bPCHUSIN3/EB0569
given input bit. In the FMsystem n = 3 or 4. Each
wher€ RN R 1&gt %%%QSI?QQQ,KUE RAGSRIAR RUERSHA Hifofa Sive@Mput bit.
I nput bi t~ F 53] Sone service nodes require
Tn thePBRICHyMiet) @ 08 of AMHAOR Colatenos defireseprsabiél egcoded shtipghfor y given
hi gher code rate, thereby allow ng a higher
inputibitf or mati on rate through the same physical bandwi dth.
he godeword matrix a Ls puncture
o153y ; S5 2piee Tiager g S BB W@ BUBEOHL % prouce
sligh® Bighet cbiARSE] {HeRMy MAMAE tURighdainfornasioANaicNgrod® the same
encoded bits over a puncture period defines which
physiealdmddidh.t Tharcedewerdsnitrixe@ is Rejséured eger 2 penqsuRdetipd P For
matrix over all encoded bits of a trapsfer frane forns
everyt h engndad difp.cceain sg,: pnesrangpytisd. tfgé’uﬁf)tfl??ema%osé’anmng the
bits are appropriately punctured,

) ! the . . .
encodselil| QKT 6 GUBGHe eriof SRS BCBGALER bits e FAnsmiPd. Repeating

C i I j j
the pRAGFLF 6Pl LRSI o Atk E i pifRibufen.
[0154] 9nAteA the Gdothbrlcodg2bily dreAappropriatélly Jpuhctbiat, fibe pamllelto-serial
encoded bit sequence can be: 1 g1,0 g2,0 93,0 ql,l @
conveyger myltiplexep themy By zopceatenatipg the: colymnyob Gyt assipdle eetor G as
ﬁﬂo%l’N'l g2, N1 J [0155] The last 6 bits of a given
Pansfer frame are used to initialize the
delay’ gl o Nt f Aheg carrespond na ,gonvoj utional
gzeﬁé%%ggﬁggFgTﬂgP’g?éné?é} fﬁﬁﬁ%?ﬂwhb uggnéf]transfer
Anoth&@ES| dibgdeddff defercB@a@Be0di ng bl ocks i's inportant in
mai ntai ning alignment between different |ogical
G ehanpel,5 ¢, [ 0156], s1he,chaneel sencadina.nrogess gt ox seach]
| ogi cal channel "in each service mode is speci fi ed
, [0155){?' OVFhe l1sst Bevitsif e dibdetriBierdrine #2 vantitoRhbElikodieaklay elements
channels are active. Only Pl, P3, and PIDS I%%ica
- of thereomsepandingecaplujienilrensederi g tha deansigpsrangpg The yige of transfer

MP4. [DL157],Only F P3.. I ical ghannel ge
g QR e R P BB o . ABBER. v
&ﬁkkggk%ﬁhlgﬂ@ﬁagls are active in service node MP6. Only

P1, P2

, P3, and PIDS | ogical channels are active in i
[0156Fr vilhe ohane! prpdu(g]plspcgﬁ,foggqcha}ﬁglc@ qj}gnpeadp &agh service mode is

spec@%’g %%@'\5’ aﬁng%?igg ogdge:l\gl;? %éw P SM%%i‘ca]gHaenéé are2ftive. Only

annels are-active I n

P1, BEhNd PESRARaMIdnnéd hie aSfive B2erBle mades MPRVIPA gindaNP4.
channel s are active in service node M53. Only S1, S2
[0158B, SHlydHd P2I BS sk PEAS legien) rrbpanely arecactivg dn sgrvice mode MPS.

Onlyslg{,\iZlZc,: %nd 535@ lo'\é%!éﬂ channels are active in service mode MP6. Only P1, P2, P3,
and PIDS logical channels are active in service mode MP7. Only S4, S5, and SIDS logical

—y

channels are active in service mode MS1. Only S1, S2, S3, S5, and SIDS logical channels
are active in service mode MS2. Only S1, S2, S5, and SIDS logical channels are active in
service mode MS3. Only S1, S2, S3, S5, and SIDS logical channels are active in service
mode MS4.

[0158] Interleaving is comprised of six parallel interleaving processes (IPs): PM, PX,
SM, SX, SP, and SB, shown in FIG. 21. An IP contains one or more interleavers, and, in

some cases, a transfer frame multiplexer. The interleaving process (IP) is a series of
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[0158] Interleaving is conprised of six parallel
interl eaving processes (IPs): PM PX, SM SX, SP, and
wEB4msen in FIG 21. An I P contains one or neCEUS2003/030569
interleavers, and, in sonme cases, a transfer frane
manipuldtionP beXened Uhore Vi @idre aydeddrapsfet fased (vVeltolsy tdredRiet Bfir bits
of 25 WD 2004/ 030224 PCT/ US2003/ 030569 mani pul ati ons
into ope Of BIoKe thtesteaveranYFicCefoVROse SaRIENS REhdTsEined foamepgrticular portion of

to reorder their bits into one or nore
thetr"gnsﬁﬁ ei%ri%tfmﬂ’atrl ces whose contents are destined for a

[0159par t TieddedVic® R{dde WetePrhinet RBidhr idpediahd ¢Pk SR QEtivd! M any given time.
0159] The service node determ nes which inputs am?
In addjtien, det these serviammogdes/whereithel3 lqgn:abd@armﬁbﬁ actiivsy, therR3S control
. .Service es where t e. P3 chann IS.active

bit O KbEOE Lo s eng PHGBER AGE P SHTE 1G0T aPRiHgBpIosed. The

univeYd3 & Mfutfol ANSQNin & thel el -8R3RIEd kﬁnﬁ&pﬂrﬁﬂ%roﬁ W€ primary
uni verse of inputs for interleaving are

logical lehamels-Rinthowigt R3rand DS, dndethe secpndmfﬂcb@cq@ ph:mameys S1 through S5

d S:lgggi cal channels P1 through P3 and PIDS, and the

an ondary | ogi cal channels S1 through S5 and SIDS.

[0160] 016ﬂ}erfeﬁ$é?rrh§cﬂ¥&r of B frdife %llodt:tlpé %%aﬁé]% ald tréifsfié@ to OFDM
paral l el Ps are transferred Subcarrier

SubcdviippMappingywitibh maps a aow ofvbiss frbmt esch ingenleaaehmatrix to its respective

i nterl eay trix to its respective upper and | ower
uppefs%nﬁ}i o‘%‘?eli’f“@sl] An interleaver is a function that

[0161] akegm It¥AEHEF is0f fﬁb%&n A5t {akSs 4 RBYUby oItk é%LﬁsQHf)& &nd outputs a
matri x of reordered . The reordering of

matrik ef croederedabissri Ble mnrdasnng gﬁbﬂassbdfbm trampmdssionfmitigates the impact of
errors c sed b des and interference. [0162]

burst gyrarsicapsef| 8&%‘?&@3??&15%%"‘3 §€8% two- di mensional matrix
016210 ' PRY AREAvYE ﬁﬁgﬁorpgsesczbw 19 m&ﬂ%‘ﬁgfeg}aﬂiﬁ & rebr a vector of *

I'nterl eaver a | ows 1 ndividual enco ts or groups

chanrmf-eﬁm)dedi bfls. Thé¢ mtérdeaber dlowadhdididual encedatbits @ groups of encoded

inter|l eaver partition wthin the interleaver matrix
bits tarbe diggcisd tngetpegtictinterlgaves awrt&@r\/w&mt@sméﬁrkeﬁ%ﬁn @iﬂm An

t
mteﬂédjvgleﬁﬁgg@géann%tﬁ%\&gﬁésg%s%il%}ﬁ%gﬁd% lﬁ%hl s int erI eaver

[0163Tat r FIG. 22ahb @k as 1r¥t@rl¢dvbﬁmla&ﬁvmsed rb@lthet PMOIPS . THif mterleaver matrix
general, the interl eaver rmtrl x is divided into,
contangt ¢} ftaRleaven RAtitiongnsin geterli teeliterlogusr BT {5 éwdegi into .J

interl v\ét gﬁﬁnbﬂst.oggcﬂ Hﬁéﬁéa@% @ﬁé +rpfsk(ﬁwd$ﬁ 1nt'or% Gt @a\(fgf blocks. An

spans rows an ol ums. I mensi ons
interléaver BdCk spaiis €32 wasemnd @Ja@mhtnis OThu# the diimeasiohnfoerchatpingdrieaver
matrix are (B 32)x C. Fo iven_ interleaver within
partltm ip @ givanHgterlgaer mediie pr r32 G- ZoTagi veminjerigryay within an IP,
vice mude, An inter]|eaver parfitjon.is a |ogical
the irgGiHTG TRHOR S PRE A BB ATV IcR PRI Ee B USHRE ot g s a logical

r ai
subdl'sé{égo%adg gﬁéég\yerﬁ?ﬁﬁéﬂéa%} hank H&éh ﬁt&@a@@i‘"ﬁamtg&rccgﬁalﬁé' C columns

rows where I's the nunber of interleaver
(C= Ml avBkpand B 4dwT Menerﬁ)wtthd: ourebarlof interdedvenblecksi s a

[()164\iect The %_fplitc tg%g el eBe@?grgg a g(lg%%r <1!) gn)p(r}e g%%% élt%‘m(lgxed fromi=

0, 1,.§?N¥1.('fhe o&%)ut'@’teralzl)l( i ddsSs g‘e{%t B@ﬁp(lf-%') matrix of bits destined for
OFDM Subcarrier Mapping.

[0165]  The mapping of each encoded bit to a location in the interleaver matrix is

calculated using a set of equations. In one embodiment of a digital broadcasting system that
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OFDM Subcarrier Mapping. [0165] The mappi ng of each
encoded bit to a location in the interleaver matrix is
w@adogibeeed using a set of equations. In one erPdDUBIB3030569

of a digital broadcasting systemthat 26 WO
can iRE04 83927 vEnR6d/ HORORB/ 63PPHERs dFaRteklesVars endt hir$ used to process
i nvention, there are four types of interleavers that
Slgnabrl@th@s\é\dlon@ckmnodess signals i n the vari ous channel S.

1016411y o g DU RAE 00! BEe UTEIIR! FHETERRY i BAgages one of the

mterlfaéi/@{; Fdn@ﬁ@ns' i thd QA@A%/ §e‘1‘1§t TH 1n-{5}§:abélte%lhht%hvﬂ f(?r%'@&drﬂﬁlutlonal
for the convolutional interleaver is set forth

mteruwleow sefTinthebeBow.dEable Biidentifies theavarious pgamatest efitbe ofnvolutional

t he convol utional interleaver equations. Table 3.
interlpdYERFYUEHORY Parameters | nterl eaver Paraneter

I nterleaver Paramplig 3 Defidtaté@PhrandiBg nunber of

interleaver partitions per interleaver matrix. B The
nImdrsavaf | nterl eaver bl ocks per interl eaver

DRsdaideiedn. | C The num@lea9ér B@AHEBSDpRIitibmt er | eaver
pl 0CKy Nﬂ'a@"ﬁé’fluxﬂﬁﬁfgf lifteflEHEF DRBNGTs JeRIdtédda9sk matrix.
ST ORITTETT: | e “ﬁi‘ms raQ mex;léé%% ﬁbél&"bg?ﬁﬁé@é&@?ﬂ&m\{t?&f O]

_mg “The pymbet. of cofumns per inferleayer blatk. . .

B
Nuhe of _hFaciorysed in WF@Yefﬂ’naﬁﬁwnjﬁ%igWH@m&ﬁlCH]@U% $
her i nt er | pBatition rgssigngenfu serter. usdsly to Kostpalnthevdelative ¢
ransyer f[ ardesing pDibetleaVirtphrtaions invibk uttexderakr matrix.
nt ergeavel NugdeRotbitsiiRr tlfndféiefrdnd er | eaver matri x mist
e T oTT OWEhDYumbEFRf bIt} AR 1RGP RN B! TRy |
Si nceNt he uﬁaﬁ mﬁ'lﬁ e&a‘ng erﬂhﬁx@s eing “int er eaved s

oy =

gl Cal et TJIQ e U1 arsT ©1 T aie DTLC, arll aU’UI"l IUIIaI
matrix is neededto manage this flow Thus, the

[01671€" mv\ﬂﬁ{ Q%n@&ﬁﬁ@ﬁa?tlﬁtgﬂ&v%f‘ aBIE vERE YO kK @8 laver matrix must be
int eaver is as follows: Internal interleaver

followad rwaa {eaﬁhﬁonmhfer irwlnaverrmamxx Sincdi tire risfabrufriBer 8P )bits being

witten

e . sin
inerlpted i et WQ@&JE% e Taarame e 4 TP apsded to manage
this ﬂo%&adﬂ?ﬁqﬂ'l? @érhﬂﬁélX%}a%SQflieH QU thd Eod%ﬁltfoﬁglelnﬁﬂkix}eplseab follows:
tran rames t Il this matrix. It is full after
oN Thicimsal vetudeavecmapixoc @6 érderleaGert pattixi oftdimbesive (B Bx (k- C) to
- Amtrix of dimension N 32 x (T C) containing b
| bwhiich tbéss Iaeiawxﬂteblusmg dadnterleaver keuitionesehadnd from which bits are

| nrtegc{ lse%%grﬁlall%grross rows ma}rrpaig multlrae ttrans er itrames to fill this matrix.

It is full after N bits have been processed.

e OQOutput interleaver matrix — A matrix of dimension RIB;— -32 |x (J . C) containing b
Y
interleaved bits read from the internal interleaver matrix. The number of bits in this
matrix is equal to the size of the input transfer frame or parameter b. Bits are written
to this matrix sequentially across rows starting at row 0, column 0. Note that the
number of transfer frames per interleaver matrix equals N/b.
[0168] For a given convolutional interleaver, the steps needed to process each encoded

bit of an input sequence of length N are as follows:
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matrix is equal to the size of the input transfer

frame or paraneter b. Bits are witten to this matrix
wG@emyesieal | y across rows starting at row 0, cPCT/OB2003/030569

Note that the nunber of transfer frames per

i nt er | eaugl JiRkt i paateles N C,IM168] 2TON il Vs 4 and 5 set

convol utiohal 1 nterl eaver, the steps needed to process

each edoidbelowbit of an i nput sequence of length N are

as, fol Lows: 27 WD 2004/030224 PCT/ US2003/ 030569 1.

7251 gn T Aplies e GISEIPR FEGHACHS CORNCCTEeE o TR Zige- e length

usi ng '@mig%éopgg]lqal@lset forth below. 2. Initialize

the partition assignnment counter vector, pt, to all

z68 0s. Fbaeadhaingb bo Neff, this vector equals J. 3. For

each i =0 to N1, Wite a bit_to the internal .

i nt er | eaver® maVriex bis th Hednierial grigglesyepmatixypfgea galculated bit

based on the e ' r u

partitions, félg éﬂ%&ép?o% f‘ﬁ?’%‘i Ek%otﬁg? ﬁ)lél‘%\é\éeégfb?ﬁll g{é&gﬁ Calculate

bl ocks, row, , @pgkomsOfctlinps [plirtitien),hénd tdlculipublotli,t r&w,, and

this location in the internal interleaver matrix.
Read a bit fromihe. f Wiitowhad” gt did e tigidseatidn thehe internal
internal interleaver matrix: readRow = INT (i MDD C

readCol um = iintvilEaver mdixt e the bit read fromthe
- internal interleaver matrix to the followi ng row and,
col um of t e Readpubiti fsemthe foBewing: yav and \gelupyRrgfythe internal
INT((i MOD b) . jteColum = (i MOD b) MOD C
I ncr enment pt [63?”’%65}2%5&'[0169] The interl eaver
equations are setydggRbb =BITGNONE)i nt er | eaver of this

i nvention can be ua&&ug%__ga@gg P when P3IS=11to
ra .

interleave P3G tr &1 o inplement the
I nventi on, f%g%ﬁ.tge%'e ntﬁ¥ ?%a?lgg}eﬂlr e Rl Rav iGtix to the -

represents the nuiber o I'nan interleaver

bl ock: Bk bit saRwih@iotdhndlddoma ef theeouspus anaiehver matrix:
supporting paraneter: Bk ad'{_:szc-élw[ 0171] An index
into v can be conpteRewolVEG HERDIHOD Ker | eaver

partition assi gnMpRgeColumn = (| MOD b)MOD C
» Increment pt [partition;].

[0169] The interleaver equations are set forth below. The interleaver of this invention
can be used by the PX IP when P3IS = 1 to interleave P3¢ transfer frames. To implement
the invention, first define a supporting parameter which represents the number of bits in an
interleaver block:

Bk _bits =32-C
{0170]  Then define a second supporting parameter:

Bk _adj=32-C-1
[0171]  An index into v can be computed to retrieve the interleaver partition assignment

using:

i+ ( 2. m@f_])
partIndex; = 1IN M MODJ
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using: i+ 2IN M partindex, = INM4 MODJ 28 W
2004/ 030224 PCT/ US2003/ 030569 partition v

w( panpsazeexi ]| [0172] A vector of partition assPOnDs2un3/030569
counters, pt, can be assigned with each counter
having a | ength equal to the nunmber of partitions. The
appr D@“Fltlane—ddﬂmﬂééeﬁ or partitioni is then: pt; =pt
[partitions] The partition assignnent counter for a

[01728 | ven %{o% Io% ;Rg{ﬁmbg Fﬁrfg;r:r{ng m:f‘ @%.lgnqerg acth c ar1 lg'eas?{ée 941 #V?tﬁaetahﬁ) Bounter
havm? § 11%%?h %g[lﬁl' th 'tﬁé‘emﬁﬁ@érg)@ PeffiofQUThE ﬁﬁprbﬁn&@bouﬂté} f8r partition, is

Ing t appl i cabl e paraneters, a Bl ock
then:ASsi gnment within the Interleaver Partitionis
determ ned by applyi ng the foll ow ng equati on: bl ock;

= ions 7)- Bk - adj INT pt- MOD B Bk
bi? )P_t§1 ibt?ld?llg] The Row Assignnment within the

interl eaver block is determ ned by using the
The PABRIInCRBlAmBAY RIBleTcs 2 stvenlpartitive if drlcraméngl exgh tifiecm:allocation
(11 Pti MOD Bk bits row. = INIT C [0175] .The Col unn
is madle &1 Garpartition.t Faeinitisk valae of ach 98 theragition; assi gupet cPRRIges is set
00, using the applicable paranmeters, apply the foll ow ng
equation: col um, (pts 11)MOD C [0176] The Primary
0173YRi NUsfigettee hﬂﬂjlg’rpéﬁ&ﬁéierél R)Bliotk exdsigaweat whiimbithes Interleaver
[ 3&_{!& dﬁ%gg thgpﬁ Primary Main_si debands%?lepl cted in FIG
Partltiortllﬁrdst@gmlrﬁd@y applyipgitke folopingequatien:i n al | pri mary
service rm es (MP1 throug MP7). The, PM | P

sper ses

mul ti I C gl i n r

mat r A?OC% k'(ﬁ%ﬁ%ﬁg I’n gklt ea@l ng (pBbcbﬁijy@B\Be
mai ntain a‘specific transf r frame alignnment’“and

[0174y nchhge "R@Vé‘tAs@i%nﬁ{ent WSthRUhR UhterlE@Ver lGHkvR Ndeke@miineal by using the
channel , the range m :nR indicates which LI blocks

appliaabde pprameteds, Bpply ilee f@agwgvzme@mw ansfer frame. The ALFN
nis the absolute LI franme nunber. [0178] FIG 23

shows t 1 MOD $¢rbiece hodes MP2 t hrough MP4 when
P31 C

[0175] The Column Assigflment within the interleaver block is determined using the

applicable parameters, apply the following equation:

column; = (pti ‘ 11)MODC

[0176]  The Primary Main Interleaving Process (IP) intetleaves the bits mapped to the
Primary Main sidebands depicted in FIG. 2 through FIG. 4. This IP is active in all primary
service modes (MP1 through MP7). The PM IP disperses multiple logical channels into a
single interleaver matrix, PM. .

[0177]  The interleaving process must maintain a specific transfer frame alignment and
synchronization at its output. For a given logical channel, the BC range m1:m2 indicates
which L1 blocks are spanned by the designated transfer frame. The ALFN n is the absolute
L1 frame number.

[0178] FIG. 23 shows the PX IP for service modes MP2 through MP4 when P3IS=1. In

these service modes, the PX IP interleaves P3¢ transfer frames into an internal interleaver
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t hese service nodes, the PX IP interl eaves P3G
transfer franes into an internal interleaver 29 WO
wQom4HhaReL24 PCT/ US2003/ 030569 matri x and out pCi/ES100&080569
to PXI (the output interleaver matrix) using the
mathé hEL Bgﬁi’selfle fto%\/ S(thd SWBitihRReavER grab®E)ishf B URerleaver of this
epen par aneter val ues are shown in
1nveniliah)l @he 4ervivadndle d@peﬂ@ugmtdr}eevarmmw Yatuesare ghoan; ig Tables 4

and 5y PROSRE ke R IS e FEROTPON T S BEeghs Liibfer frames
r l vV rihXhe PX1
variel, WA SoEAE Il Lot (i RuPS of Ml fRiisiSislinhe PX1
interl¥@led gtrbeslvs egidybdes  MP2 t hr ough I\/P4 P31S=1 Service
Mde J BCMVblo N M2 2 32 8 NA
73728  Nibleyd.3pX 3 dnterl %erlPaza@gte’é ‘1‘ e &f‘iif’ﬁ'g S VP4 8
32 36 1 [0,1, 3, 2, 4MPZthsqu %, KjIx=b94912 [01791
Al t hough the size of the internal interleaver matrix
i s |1$%erAd6s |t rlansfer| frames, the nterl eaver |i s
desiciohed |3 ];pr@esmi ng ong P3G trabsfe¢r Ifrane Mt a
|t ga | BR1 30 oAl Lo,, (e SO LRGN BT
r ealdMB3queldt|pal BG |2t 1A-LA1 s mat { O%1Gin, I\gﬁ‘r. (7436
sequepti al 832 p3EX1. |[Oh3,3j47%7,61 | R332 § NWAUQl298912 he
| engthh of — one P3G transfer frane for consistency with
the P31S=0 case. Thus for every P3G transfer frame
[0179F OC gfRdgiihetsie Jftiiccintepnal ésterlédver MXirixdadpPBe rtwtnsfex fiames, the

completely filled. Describin t he process, |n]tE bi
interleavards dpsekibed ahROSeRsEg e dBertERFCh Jape &t 8 diR% s very time a bt is

wnttge%bg—f geﬁaﬁ 18te¥1%aglgl llyedt ﬁ}aﬁl%gﬂ{eﬁ%vetr 0y qs %a@ts‘%quentlally

eaver consumed 16

fromtthANBAEIK dnb UGSt @él}ﬂleﬂﬁ?alEXb Bl r Thesizdaf/ BXhde aqlial Itd th& length of
and output, the internal inter|leaver

ne Bdmishusted fyame mre@ns@ﬁ@cx Wb ShoBalSsD fgse| 1 bl ok Byegy B transfer

ok S0P RS oSSRy . D

the ProBaks fOthdchaaHEDHakés €@ Ellhbairﬁi anhppinge Iprclcadurbse dasqnbed below
ength less than or equal to the . capacity

t he
complately fransparene g dwvesnterait P38, #ﬁ@f tsraepeavsr N Gondutied 16 P2

L

matrB@fs%BﬁIp@a&el ﬁhl@@%n@@ié@x@@esb@@%w #RGs.and MP7, P31S=1
Service BCMvDbToN M5 4 32 36 2
[018DD, 1,12 g;@ct@gh@php@omqlwgglse the interleaver is convolutional, the number of

bits input to and output from the interleaver can be any length less than or equal to N, the

capacity of the internal interleaver matrix. The concept of an internal interleaver matrix is

described here for notational convenience.

Table 5. PX Interleaver Parameter Values—Service Modes
MP5 and MP7, P3IS=1

Service
Mode JIB| C M v b Io N

MP5 4 132136 |2 |[0,1,2,3] | 9216 | N/A | 147456
MP7 4 132136 |2 |[0,1,2,3] | 9216 | N/A | 147456

30



MP7 4 32 36 2 [0,1,2,3] 9216 N A 147456 30 WO

2004/ 030224 PCT/ US2003/ 030569 [0181] Under the
walreoeosizan of the upper | ayers, System Cont r ol PCT/US2003/030569

Processi ng assenbles and differentially encodes a
0183 quenaer
[ dggtl ned ?[ g? %Irgitz:&hls?f:%g:ﬁe}%ggiage}bc ?étl er. g?g&essm% assembles
and tdéfffﬁintraélb’eﬂmndfs 'csednluamqel ofr bifs (systar@atrd] data sé§uence) destmed for
each e§tr| but ed thro hout the O:ng pectrum The nunber

O FETIERGE: HRCRTST b APTR) P il 1o G asietency gubgagsiepe mumbered O ... 60,
disttiRn&] @Edn FoM v

Cont r ol éqgg@ggf)ng %P&tl?/lg{ om‘%%t S alolf ';%%@}{&I %ub%%l%rgmadcaﬁ
in agbvenr wavedana deeqdenc ¢s; serdgantides HofevesSysken Tofgol Processing

bits in each colum of the 32 x 61 matrix

e
alW%YS 05@‘@&*511 Usypiemqpatrel data saquensies regardigssof Sefyicerrede.
se n
[0182? n‘pﬂeehts Zﬁ %acgfng(glg{ng %fu?}eu%@ ? f grgaqml st&ﬁ'bf ﬁn@h the System
Conts*alnﬁatrar&]bqueno@%)sgemblml dry dlffdiermamy%ﬁe@cfedqﬁrhc&ﬁdaﬁcéw% FIG. 24,
as 61 parallel differential encoders. For an
and W&%R'E bR fhednatrig bo it thg sa@p ©sdrsr Congeptusily sthisfpracess 'paigb@wewed

as 6% cﬂa&’ﬁﬁ%l jdgffléreﬁtia? eficRIACCEGCHh & rﬁﬂ\%ﬁ gel c?é’%%gtl%r?%@f)éer HEU?HS of a

tem contr ol Sequ

smglecrohlmlmj ber mtpraiesshﬂcsedﬁnuaﬂy,&rdm e 0 Thids. ioHRWystei cdnfrol data
|.0-2 added _with the previously stored out put bit

Sequ?é[lqeﬁ} 15 TPPfotOfaoﬁilﬁﬁefqagali enceder ajut tne. Hinis, mpa[m Bif §s] mod¥le-2 added
w1thrtﬁ§ é\}l&&l}p% blﬂt bif B _Tlaﬁmn t!)lfm[n? i) lsa?%s? ﬁ)r t#’}/tegiﬁﬁ] The

the 1"np ut
resuldngfoa[mmﬂautadtremcwﬂbfeveﬁe Polaki®d &h tﬂf@hﬂeﬁ%pﬁtﬂﬁﬁ A 1. The initial

ng assigns interleaver partitions to frequency
State;’\ﬁl’gleg‘fb(‘?gﬁ%emla EdFodeaisP-acti ve i nterl eaver matrix, OFDM
bc of blt ,
[OIS%t e%{)ﬂé}%@[ﬂ&&gﬂe{‘& %ﬁ&lggagsc’l S 1n9e§ AY§r DL PP%%F}WHCY partitions.

For mhtalctlwofhtd:ﬂbat/élan@tﬁﬂ’pUﬂ)MlSdeimEﬁMa@ﬁmg)ﬁsméﬁb a row of bits from "
addi tion, systemcontrol data sequence bits froma row

each dnterleayjeg Pﬁlﬁlﬁﬁé do {ty rqsmcta/@tfmq@enqyepaernm:@ the bomplaxecrutput vector

'X. ﬂl %83’1&1?8 r@sﬂeﬂl n%%n}rlgggagg Sat 8%%‘![? oI éar}:gmﬁg?re@]g?pgd to the active

refera&“el subcarfitQocatons HH WS lIh@ skividét BodPdicRtts wiRBEl interleaver matrices
onent functions of OFDM Subcarrier Mappi ng.

and ng“gﬁlemﬁlﬁs ioh R achiver ONICs Adcshomisethe Nepys, nytarteamd component
kﬁ:]ft interleaver matrix and a row
funCt@(FnS t rom %ﬁ-ﬁ%ﬁ%&%% x of systemcontrol data
[018$]equmheaﬁputs [t& THTIM T Higbcatied WiappiRMafer M wWICRHES #r6f each active
for each OFDM synbol is a single conplex

lnteﬂ\ff‘éYﬁf é‘?a rixangy rqveg@lmﬁ f1go R, thermatyigof @ystema contdadath seqaamces.
o188, St o 2 S ipSARR s ko8B S580A% s
compl&ORect&YBG AF ldnth NYIDEThe R4for-i® fRlex o =22 24892 . The k™

Active elements in a row of R and the associ at éd’row
elemént @inXeamtespatds vesibotugier 6ag46). matri x are assigned to
t he sanme i nstance of X

Index into X 0 1 2 1090 | 1091 | 1092
Subcarrier Number -546 | -545 | -544 544 | 545 | 546

Active elements in a row of R and the associated row from each active interleaver matrix are
assigned to the same instance of X.
[0186] The Signal Constellation Mapper translates pairs of bits read from interleaver

partitions and individual bits read from R to complex constellation values. The Scaler
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[0186] The Signal Constellation Mapper transl ates
pairs of bits read frominterleaver partitions and
w0 pabiswsdeal bits read fromR to conpl ex const ePCHUBIN3/030569
val ues. The Scaler 31 WD 2004/030224
funcBGf[/akJﬁZ&Ot f ' .
nplit ude%é Ql%ﬁ&? g%tf oa?&%%ﬁﬁ%%g@%% Oetggs\?gtl%% Lf%{lgs' The gain
faCt(gaiiS rdetetmmed rbyi the detiredrsigrat] 1dwel. t e dE@MGSinSmﬁBﬁM apper maps the
Subcarrier Mapper. maps the scale

scale:de The @V‘
8];(‘)( COREERAToRt Yahwesy Q) the cPPEPDPEiRE elpimpeipraf dhe output vector X.
Elen@ém §O§é8|}1)g g @t Btsey SRR are KGRI c%{n%ﬁedc Yalue 0+ j0.

cor r espondi o unused subcarriers aré se

[018Fp DI Kot evet agive itedlédver Mad&! b 5@ of %ﬁﬁb 6Lds¥&i every T.. Rows are
interl eaver matrix, a row of bits is processede 9]

procgsseqrse@eniialy, ptlﬁﬁmgs\@@d tl@efqubrm abivy0). Whert alhgpw difhant ineerleaver
of an interl eaver

f row 0
matﬁn)%athr%%'a bReh, &’ & %gﬁzl’p sc Eg’ge‘&“a{“f‘f’e eoh 5 niggleayee amgfix; iaprocessed,
startin@tveitd @avRét (BRI ri X i s processed, starting with the
first row. [0188] For a given row of an interleaver
[018%ht r iBor digivenaroe pf cnedgetbabyr matrix, |avae prpedstéd borinterleaver

acent . colums wi thin an interleaver
partf §1? t E?l ?{[a agl{;aé:ewé:ﬁBJé)anst withig dlp\ﬁltaﬁ%aver Efgﬁﬁplé are mapped to individual
comﬁllléﬁd Gaidh@red @ﬂ%% ik keiRY | (PSKSERha o W ?a#%fjbc%ﬁ%&s within a
subcarriers within a freguency "partition.
frequenpy pargitipn o&é@dsamnngijWBalslsyqueﬁhellj | Thé fitstvowe eblupis (0 and 1)

nterl eaver partitiqn are mapped to
of ap afiéaya} padiof et Tioed e D SYCaEHSE TUYRber of requency
artifiéd,t dddl 8.1 t
it 1 00 0 AP IR bl MERLEN T cnang
SUbC@meantﬂmbquéndgbqparchmmmn [0189] To map each adj acent

| u air th|n an_ inter| eaver partition to a
101850 < Bh CoqhtdhePai o Bhr b e {iprlegyen prgtition to a subcarrier
locatic Widivh gk RicRRX pair of bits from ;

adj acent col urms%vaeft Ha&ﬁgnﬁ%pﬁt er@garger partition. For

a gi VenReml aipair @eiits, frdoh &d_]bd:dnt celathng wvitiin H€intePBVer partition. For -

i ndexed col u is map as an | bit, and the bit
r ead f rHAVEREC m]lﬂpﬁlh%"\l ’lﬂ'r‘f'd'élf( scrd ey the 10§Veﬁmﬂ9é@ﬂ e@lugnds mapped
bit.

o i TPARA 0 Sadle 1kl OBl SRR Panped s 0

conponelit. and the Q bit maps to the imaginary
nstellation value. 3. Scale the I

conmpqQn of the c

and % gg‘%%&h"e Rit Pags f??%es% rploek cenisk copgiellaipnyyaluee The I bit
from Stg tHS e scal e

fact or . %ﬁeoarrpirélatg ade? sca g%i(gbﬁ%gpsttﬁglseelrrp 5B cgpponent
subcar raféhe tansteilaton ek, for t he secondary si debands,

t he f the scal ed constell ation
val ué faécé‘fﬁ tg?é CthCSn}mBefafJafr% epaplex pasipliptiopfvalug from Step 2

using an appropriate amplitude scale factor. The amplitude scale factor is

chosen based on subcarrier location and, for the secondary sidebands, the
value of ASF.
4. Map the scaled constellation value from Step 3 to the appropriate element of
X.
[0190]  Reference subcarrier matrix R is read one row at a time and a row of R is
processed every Ts. Each row of R is a vector of bits of length 61, indexed from 0 to 60.
Selected bits of this vector are mapped to reference subcarriers according to service mode.
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[0190] Reference subcarrier matrix Ris read one row
at atinme and a row of Ris processed every T. Each
WO 04080283 i s a vector of bits of length 61, i nPEerREs2003/030569
fromO to 60. Selected bits of this vector are napped
{o r ' dxOvalliesS Rps 8@ taken
R P S A ST R v vl
tomapLatrpwtof\RetotamrelémMnfﬂ ns corrpl ex val ues, the follow ng
steps are taken row of R to an el enent of X

1. Réaé{eédﬁlbﬂtWeJéOmFS?ﬁvé’e?tBW ctor of R 2. Map the

bi t Xpo DI | -modulated
(epsty E e P S 2 PApIoP 1REy Shhaie, SERYI g (BPSK) modulac
and Q conpelgidhsabk. t he conpl ex constel |l ati on val ue

usi ng the ropriate a Iltuescaefact r.and,
sec ogd Westbg 5 @flg iQ F%mp%ttgegésr of ﬁ??ﬁ copg efcr@ngtpﬂﬁtéonoyallgsgsmg the

4. Map [ ! And AbH SedoBddr Gub di
appr Op“tpgfog e@ @%11 géf%%ﬂo?hré curr ent e}lv?aéréers’ Accortme
nmode. [t0 124tatOoDNSBI gnal Cener ation recei ves conpl ex,
frequeg\(/:ly- domai n OFDM synbols from OFDM Subcarri er

MappitndVia i wleémstﬂlmm i B PeEoRriafs glemant ofgX for the

the di of the FM signal. A concept ual
bl ock %%lrﬂasr%i)‘% 168 Vi Si gnal Generation is shown in

[019%]| G OZOM[BRB Gehbiatiom pattives c&pivk SirguehcycdorasiatOFM symbols

a conplex vector Xn of length L, _representing the
from &E@ﬁ&u@:@m Manping, Ang AN HBP-deman e EREenng e digital

.in . t
posif R BBl <R TR e R X OBAE Syl Bergion
showlGh FUS 4. he subscript n. Rather, it referred to the

vector X as resresentl ng a si ngI e OFDM synbol . In

he
[01931o! | dWe rigpwtetocPFPM Signal Heenstaben ri st C<p1§p1515 PERHE Xt 6ft sength L,

o R3FH: S PEsoRf I SRS RS 03 orn s

n. FEPA6hAbA0Rohven®n6 Tt SXtpubas elFand Subcaiﬁmdmppmg desdribed above -
yn(t), representing the d| ital portion of the FM HD
did xmmso et gebstripton. @M s ifrstorred. to thevestor & ap#epreRenting a single

OFD% cacg%fht eflﬂ]ég\%dr%nd ol nt he%{eﬂr)sgﬁgm %gg&%feﬁ'tgk bﬁ_calise of the

s1gmf18£i@é%ﬁnwé)FﬂE@Mgsﬁb@}aﬁdrmms Let yn(t) denote the
ti me- domain output of OFDM Signal Ceneration for the

[0194k h Setnokput DEFM( SignplsGomaraticanisi nconplexsbasebarplk fimgglomain
pulseyynétb )rghrﬁeni%g,@) &g)lteg ]pglftg)nko(f 6henI:EM HD Radio signal for OFDM symbol n.

Let X,[k] be the scaled constellation points from OFDM Subcarrier Mapping for the n®

symbol, where k =0, 1, ..., L-1 indexes the OFDM subcarriers. Let y,(t) denote the time-
domain output of OFDM Signal Generation for the n™ symbol. Then yq(t) is written in
terms of X,[k] as follows:
L1 2mAf D -(t-nT, )
¥, @) =h(t—nT,) Y X, [k]-e [ }
k=0
wheren =0, 1, ..., 00, 0 <t < oo, L = 1093 is the total number of OFDM subcarriers, and Ts

and Af are the OFDM symbol duration and OFDM subcarrier spacing, respectively.
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wheren =0, 1, ..., oo, 0 <t <co, L =1093 is the
total nunber of OFDM subcarriers, and TS and O are

WO b4/ synbol durati on and OFDM subcarri er BEEUS2003/030569
respectively. 33 WD 2004/ 030224 PCT/ US2003/ 030569

[019%829?%6 @ge gyﬁ%ﬁ% ﬁH&an;}nglgﬁEﬁﬁ&Fhsh() is defined as:

- 1if aTS~<_T cos

TCZa if < <T(1l+a) 0 el seV\/nere V\,here ais the cyclic

prefix cdnd& i s t&} f | procal of the OFDM

subcarri ’Epg&!rn [019(‘)6 fe® Trhsmi ssi on Subsyst em
formats {he\baseba d FM wavef or m for transm ssi on

thrg@h 1he VHF channel . Hunédi®éssTncl ude synbol
con enat i g frequency up-conversion. In
addi tion c nsmitting ThelHyB(lidodr Extended
Hybri d this function nodul ates the

baseband @nal og si gnal bef.pepr&enbining it with the
digital veform [0197] The input to this nodule is a

onpl ex, baseband, t| me- domaj n, OFDM synbo|
wherc Oot tht 6y ONESE §ridih, @h@r-atgf)hs ‘fh?r{&?lPE?ﬁal of %ﬁ&&bﬁﬂoﬂubcamef
anal og signal m(t) is also nput from an anal og
spaciggur ce, al ong wi t h optional subsidiary comunications
uthgri zation. si gnal e {i
[Olgﬂybr &%‘ raéﬂnés'ﬁ él ng/nnra osr %hé %ﬁ%l{d lﬂg t\xnl%eform for

transhﬁ‘dsﬁ)nn'ﬁﬁl&.llg% i WMHE \fh'Enn%M VMfl@ﬁMnleS;}mRﬂf ﬁfnchtenatlon and
27 for a functional block diagram of the Al

frequ@ng{ tercomvesshami & iadditiosuyhes trapgmigig the dlybyid q»ro}ﬁxtgnded Hybrid

Wave{_éjt%ﬁ hmo n@pgﬁ%}%@ﬁéﬁggﬁb Of a%crl] gnﬂ%{ g Elggjﬁ{«}\ﬁor%&ﬁﬂﬂﬁ% it with the

digitAwadfast i ng the Hybrid or Extended Hybrid vvaveform
t he anal og- nodul ated FM RF signal is conbined with

[019The dihgiiv@itity thivduddmceis RFomplghdtasehsngs daedemaineOFRMNEsymbol,

30 BHE L S0 USRI ORHEREU B ASHYLERGTRRS A e

mpulr ﬁbﬁt 4o RRLVERAg it ?;ﬁ‘inglgs@@ﬂuﬁy gbinaunfag ol :—ﬁ}thonzatlon

this case, servi ce ch anges to any ot her
(SCk}ysbgnads MeExnaandmtmg—ﬂnb Hydrideoy &xtanded Blybiid nevetoans d hgpptput of.

n ru nNs._or conti nU| ties in the anal og signal.
this linﬁé‘g s\fﬁ%&} Wg‘) no precise tining
[0198F! alHepARSH! f13@(3' 87 "fﬁoé"flfn@gonaﬁwd&ktdﬁ%rﬁﬁ@f Qe ANdigitgli Trahsmission

portlons 6] waveform are centered on the same
Subsystemi, end FiGe Qefoc y fufcdip0dl] blatki dagrameofithe hlypridwnd Egteaded Hybrid

method for interleaving bits of a digital signal
transmission subsystems.

[0199] When broadcasting the Hybrid or Extended Hybrid waveform, the analog-
modulated FM RF signal is combined with the digitally-modulated RF signal to produce the
VHF FM waveform, s(t). When broadcasting service modes MP1 - MP4 the upper layers
establish precise timing relationship between the analog and digital signals. In this case,
service mode changes to any other Hybrid or Extended Hybrid waveform shall not cause any
interruptions or discontinuities in the analog signal. In service modes MP5 —~ MP7, no
precise timing relationship is required. Both the analog and digital portions of the
waveform are centered on the same carrier frequency.

[0200] This invention provides a method for interleaving bits of a digital signal

representative of data and/or audio in a digital audio broadcasting system, the method
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representative of data and/or audio in a digital audio

broadcasti ng system the nethod 34 WO 2004/030224
WEMANS2R03/ 030569 conprising the step of : wPCT/IR083/030569

plurality of bits of the digital signal to a matrix;

compx?{’%{h@ %Qz{g - v}xﬂfﬁg Qi 1 Srallity @bl 6f 1B glit4] si¥hie ERh thafix; and reading

e witing and reading steps follows a
the bisdiom sheqmeuﬂﬂm ezhemdldatéasu ong afcheweiting Mok readipgestaps &9llows a non-

O
G RE £TRgR S, P i 48 s

contigubud deerT® §dtf ah foendapiadestobadrbomuinber  of b| ts in a
transfer frame of the digita The

|
020t T aurabas ol g the maBIces BF FSH ﬂ;?ar}wtter Sh ol gy fanster
framebci% %lg%%i 'gx e, 1%r1§ tl?eﬁrﬁaﬁiﬂ%!réj%n el ﬁﬂu&a{h}( &f partltlons and

artitions can i nclud
each &Ttﬂélﬁhr@ﬁoﬂsf&@n mchﬁleraqmraagofatbckse of a | ogical
channel, and the bits of the |ogical channels can

[02023 cr alésheef. the msqonsrﬁ@ meldae BAMRPE Jeehitorprsgidivg %F a logical

Chanr}%ﬁﬁ?‘iﬂ“&%tg? @g agag ?angﬂﬁ o]’?é Szgt |lg‘£'c|{nra1t Iaogl gital audio

[0203]" 02UEASEVeRbos ¥ibedconpseeh iaghod ofiirogicating I'Ihgl&lﬂ em’s»nnatlon
of: receiving a plurality of bits of a digital, %1 hod
represeotabee tof adatamiandiod; audigr i Prjeitd eausiq dreageas lﬁﬁt%tﬁm’ ¢ metho

the hits fr om t itted:

ComPB‘Fmtg ﬁgegv%}iﬁl’% P ﬁ At efgﬁ N 5[9 sotrfe%tg wP%\A@ Gnl 2636 cfiiniticd:

wntlrﬂgQHe Eﬁsﬂ%@ﬁhhtﬁk REdH e gRibg Ba REBiatrXg phkrefn dthestirksf the writing
a pluralit of carrier sngdrals and transmt

and reading ssepsSolons & nomm&qltla?rﬁ BSHE SERFIE dNaPRHIS TR g’g%‘&eadplumhty
riar tot ste e bits of the digital

Ofca%ebﬁg'ilat] 6‘“&1 ﬁgn%{%ﬂg)gh cﬁﬁryr léllsqcan al so be scranbl ed

(0204 | O‘ThE ®itk 28 Bt @Rarbl &Mdeﬁ gﬁﬁr th ﬂlebitétﬁof()\fvrmhg‘l elecblgl d:fahe digital -

signal to the matrix. I n anot her aspect,
31gnal'l mlthatmm:nxp rihei ssan mlsamsaacwdﬁ,edf ot et tBe FER W ﬂ@ltmg the bits of

i tal signal representative of data "

thed%@f%gnaé%}bgqg%né digital audio broadcasting system

f0203he I@Bﬁ&ﬁé}léé% @ ORI h$&Sion %W"&esf@nfa paf@isvion gntérleaving bits of a
plurality of bits of a digital gnal to be

digitdl rsigmahiepteseiitative axf slatacmdier audia gn tahi@wi padip bropdepsting system. The
and nmeans for_ read] t he bltsfr h tr
appaggiis, ETAPTES:| e’é‘gr{‘nso#‘i’égﬁ?m\”ﬁ% Btrgglr%h {or ﬁ/rltsl tg? ngh@%1 jifqal to be

trans S nfefis f&%tﬂ‘% the bt W6 a InAHeK- andeEerl tfoivteadidlg tigskitsnfom the
schefe, all of which can be within the multi pl ex

matrscuiwhvrsmeanl@st one K@ means feropdb]e anddhe m@mfpbwaqhug fqlleps a non-

corBEDTREREES FRAEB T 0L 2 R PR b8l 2 1

1. digital audio broadcasting system as shown in FIG
1. The apparatus conprises: nmeans for receiving a
[0206] ur dlltiet ymehtitn t Buthér enodrgpassds 28 gpparatyp foe broadcasting  digital

o GRS ear 0 L5 S WG 48 Bl o
shovr ' FI@! Tge Hﬂﬁfﬁﬁ&oﬁpﬂs&a%eaﬂﬁ Cor@Ecdiife APRRAILY Of bits of a digital

witing an means
signal to be transmitted; means for writing the bits of the digital signal-to a matrix; means for

reading the bits from the matrix, wherein at least one of the means for writing and the means
for reading follows a non-sequential addressing scheme; means for mapping the bits to a

plurality of carrier signals; and means for transmitting the carrier signals.

35



for reading follows a non-sequential addressing
schene; neans for mapping the bits to a plurality of
w@aroroan2si gnal s; and nmeans for transm tting tPEI/US2003/030569
carrier signals. 35 WD 2004/ 030224 PCT/ US2003/ 030569
020{] 1 not nereceived bits
10207 ntpp e G LeTEREy piciRics AT RERI S
of a @kigalgnileRprsEaitRk of lanf andat audiodh ar digitediapdiorbreadcasting system,
digital audio broadcasting system . the ﬁ digital al t
e g Pmprigne s segpt Orinh HHGY o1 e Py O dital signal to
recei

a matgiX a?ﬁcf/ rgggh rt}Ba tEJs f%(ﬂr? ¢l étﬁf?l wikr& %\%\E‘é& on@ oFﬁ{erWﬁftmgadﬂd reading

romt e matri I X, erein at | east one
steps F11dwie Wl detyidhtianaidreseinlg spemst eps fol | ows a

non- sequenti'al addressing schene. [0208] The |G? q P
[0208]ur t Ake mvmxunpaiggb@ encRBPASES of PR, §fi Tegening; ¢igifal information

repreaqnéq(%ltvg| ggpor oggzgx ?Ylg X g@élt g\?n&lé‘ tlﬁﬂ?dc%twguéys&ﬂ Mhé& method

com;ﬁﬂmgrth§ 'st@?s bh ere%&@ﬁl% OpliaraligCsf bﬁtsrtg aadipital rsfgnal; ywrﬂingllhdz bits to a
witing the bits to_a
mamemdmg b bitb fom fhedmtnhewmﬁm 3 leaghepe Pﬁthétm?aélésf?f BHgng and
the nmeaps for witin S ef .,
meaqsotior &opding ﬂ)ilﬂwg é’lqﬁ(gh%qu tlgp gcrlde%%ﬂl scB ﬁﬂdgﬂ% bh;:l rﬁad bits to
prodﬁ&eanrcﬁ@ﬁl 1 Righ8l. 1 The RiEREBRInaANEG hiéolaiwﬁngsﬂngﬂhaﬂs cafitte performed in the
erle

dei nt aving and receiving nethods can be performed
receiver shbren imBl€gilver shown in FIG 1. [0209] The invention

0208} °3 RegRranton g HeoTBpp Scilh Py £°P Bl RAIAP O bF a digal

signd¥&rGehtdiife & dd Ald/cdiie iR b dagdeRaidie Broayekiny systam, the apparatus
apparatus conprising: neans for receiving a pl urﬁé_ thng 4o

fomprﬁsntg t mearfs far dicgiving a slogial of bitsaifsr digitalyiigngl; mgeant
s i el B B3 et R PR BBl b of e
meatfd dﬂgt vaiﬂn%E!ﬁ’d R Fof 1@5d1ﬁ%ﬁﬂlbwg aheh seyendal raomsmwemm

ressing scheme. [021 I n anot her aspect, the
[6210hverihi awvtjwrowspdets then 1ammaﬂlat1u9wd¢s reacapnAraNg @f geecaying digital

1nf01:31ir1]a£§11%fr1 %}t)rlgs??gfa(rt}%g rog Z]g’gl;%{dl{q\fga g{%{%:%n 1%@ /aﬁ)({lo ablr’éja{d?ashﬂg ‘cs‘ystem the
appa?ﬁg? oo %x?@ns% ”ﬁﬁQﬁs fo?redeRmY) ¥ iphGaldy R lﬂ)ﬁt@'df ta)’dagial Bighsl; @feans for

ghal; nmeans for "witing the bits of the
writihigghd Bits of (ljlnailgltaﬂ) sgnai‘ett)ral matrigemesnsf ior ffﬁ'éﬁ’dl they bits Eropy thg matrix,

Whe;e(ry? 23\,3}:%? pg% E)é{lp)a( rp'eé\gﬁ rfvmth?géglglerﬁ%glF g(?r teadi néaﬂ)?lo@g dhon-sequential
addﬂggsﬂm%? gﬁgt LAl mAHIFGSSHiR tiRCRAA®its a0 hro@Re Sanf Qrtputsiifigl. The

its to produce an output signal. The
deinttgienting hebreteiging ra;iparﬁuﬂswhcv@n wbar@@wgr showahpilt-ds t he

recei ver. shown in FIG 1. the e
[02314y enhilg s PEEEH H’é@@l"f“bg ][WL’% \Qr Eérglféep f ifs, greferred
kdod tH&kg%kﬁlE@ﬁdthQ)éﬂttﬁﬂ&ﬁn&hl Ihd)(ﬁﬁcatlbns can be
emb%ﬁme%ﬁﬂ%?é%ngﬁsofshﬁ%dl fications can be made to the
maddi t6 chodieclositembatinent wiithoouderdsingrfromghd sasie 10h esigypion as set
of the invention as set forth in the clains. 36 WD
forth gothe 03V 4 PCT/ US2003/ 030569
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What is claimed is: 1. A nethod for interleaving bits

of a digital signal representative of data and/or
w@eaio3i2ed a di gi tal audi o broadcasti ng syst em PETES2003/030569

met hod conprising the step of: witing a plurality of

bi ts ofwhhgs glahddal: signal to a matrix; and readi ng

the bits fromthe matrix, wherein at |east one of the

writingl.and A estiadgfor ifesisaving biteab2 digiiehsigial mpraseriptive of data

addr.essi ng..sch . 2. The neth of .claim
and/of i i B D o fre g s e oS foprting g b B
nunber itk 4 StutalityPoftoitd bsthe diditaPdiBna0to 4 Mesti gid al
si gnal . 1‘@Thgurretyﬁood of cl alg‘lm 1, V\,heor ein the bits in
the mmatreadingthe bits framgh@lmuammwhpﬂeuraillerasyor@fof ferwiitingomg reading
e nethod of cl.aim 3, .wherein each of the

Stepsg‘?ﬂot“fst"ﬁ RsegRRpRl adldesyng ﬁhF}P& ity of blocks. 5. The

met hod of clglddhoiMae rcﬁl!nﬁ eapterah thd uRBd:t 6ftl$1€%ri% the matrix is
includes a group of the bits representative of

equallto gieamimbehafiritslin a @ansTérdramest bedhie digitaisignad. 5, vvher e| n the

bits in each._| oqi ann are scr.anbl ed. A
met hod of b?%té?o‘gealg‘?‘i!l ﬂécq ‘%kfer‘?lﬂﬁléﬁ' p e hatfix af¢ arranged in a

pluraﬁg,g;fg%%ﬁgl ve of data and/or audio in a digital
audi 0 broadcasting system the nmethod conprising the

steps of.: rBeeimethod of qidioy 3l wheredf edohtof thé partifiogs cednprises a

i g 0 be transmtted; witing the bits to a
Plumﬁ‘dtq?%l@&?eadl ng the bits fromthe matrix, wherein at

| east ofe OfTﬁehﬁe g’éél bt O8nPD) C{Vﬁe?élg leB&h oﬁﬁgﬁaﬁ‘uﬁéﬂs ifMRde’ a group
non- sequenti al ressing schene; mapping the bits to
ofthaab1ps|rapra$e|ntay1ve)bfmhxgrcah)hame@}nal s; and transmitting the
carrier_sig od of. ¢ 7, rei
marber f i T TP AP 5 Vasoigghab 6 e g eﬁﬁwﬂnel are
man@{ edits in a transfer frame of the digital signal. 9. :
st (érrethod of claim7, wherein the bits in the rratrlx
ar e arrangedAi method pf ireddasying fdigital tinfoiroateon 1epresehtmive’ of data
met hod of claim9, wherein each, of th arti.tions

and/og P s @ disifal qyelier Bipadegstige syiesRsle meghod REpFiiRe B Sps of:
claim 90?%‘@%%9' ﬂlrﬁﬁ Br Gifs Jflﬁ%%lﬁﬂ El@ﬁ%l%‘ﬁef ir%hﬁ’t@gﬁs a

group Its epresent Ive-o ogi cal
channel wrifilg ObRO W AaRHiR24 PCT/ US2003/ 030569

reading the bits from the matrix, wherein at least one of the writing and reading

steps follows a non-sequential addressing scheme;

mapping the bits to a plurality of carrier signals; and

transmitting the carrier signals.

8. The method of claim 7, wherein the number of bits in the matrix is
equal to the number of bits in a transfer frame of the digital signal.

9. The method of claim 7, wherein the bits in the matrix are arranged in a
plurality of partitions.

10. The method of claim 9, wherein each of the partitions comprises a
plurality of blocks.

11.  The method of claim 9, whefein each of the partitions includes a group

of the bits representative of a logical channel.
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12. The nmethod of claim 11, wherein the bits in each
| ogi cal channel are scranbled. 13. The net hod of
W@ b@i30224 f urt her conprising the step of: chanP@l/Us2003/030569
coding the bits prior to the step of witing the bits
of the dpgitahe nektaadf dAm ME WL ¥he Bifk i in Tetégh %ghannel are
of claim7, further conprising the stepo cr
scrampledpi ts prior to the step of witing the blts of the

d | t t f
Tner  eAdi oo he ietsp ok cli, HirteP taraptio Rphe SRSt | ve
of  dat ghARel &ididH Fﬂeobl'téqpﬁordiog{hteaét yganéxﬁjftirﬁgotﬁg %?tﬁtdfntge digital

system the apparatus conprising: recer vi
Slgn%ltwhﬁrlaﬁtnky of blts of a digital signal to be

transmtt ed the bits to a matri x;

and meaﬁfi t oThe BEHO @?Phgn r%%&?%ﬂwmwwh@ gieR of:

wher ei n c?i‘ﬁmi)l%?bgtth ® -t he

nmeans fsér readi e gpﬁg{/\rsmge %ﬁ%zé” rﬁ@% tﬂg M (g&%hggl 'lttﬁgSIgnal to
the ngattiene. 16. The apparat us of claim 15, vvherel n the

- nunber ff blts in the matrix is_ _equal to the nunber

of bitsln aRreRRERWS Tor BipEleRying hits ef g.dtgmal sigagl appresentative of
data ZPorARBRY AL cdnbrise:
ARt x are %%lgfnagl I?%&Cgsuqm?&?ﬂn ko '?\fpa? GRS 18.

The appaeatsder ofeivih@n piui:aﬁlty vhisitsaifa cﬁg’iﬁhs@ﬁal tch’@e transmitted,

partitions co rises a %ﬁl urality of blocks. 19. The

appar at WMoYV Hing the bityfoarmptixedndh of the part|t| ons

i ncl udegeshs 8 QY epr es

| ogi cal ghgnnefé &E%fthe‘ljﬂgs ig%r%gl?‘{a J“& ?ﬂ E”l%n aﬁia@ ofie of the means
for wydtieg endithe meeahs fos radmngﬁ@IIDWmh(ﬁlade qednaiaNeidreddifie scheme.

scranbl fffd 2,F ar atus of broadcasting digital
i nf or mat%-on é)f iclpimdp, whersin thegpoberaafdiite in theanatrix is

equaﬁb Qb Iﬂ{mtﬂ" gf ﬂtstlrl 9‘1’199&@11 ijrzﬂlgc gfytﬁé ﬁlgltalts ppar at us ;
conprising: neans recei ving gl ity of bits of
a di gi tHl. siDradpptaniefictansiy, Wﬂl@l@m the®adm e maMik hicNBranged
Hﬁ e.bits of the digital signal to a matrix; means for
in a plygaligyq épflﬁ%mbgrts fromthe matrix, wherein at Ieast one
of the ansy nean r
foll owsfgg nonhe lajlxeéﬁf |01£1I%9“u régégrr?bn %dgﬁé)ﬁ@‘ S%Bfm’meb a
plurahgympbhgks.he bits to a plurality of carrier si gnal S;

and neans for transmtting the carrier signals. 38 WO
2004/ 03224 Pregrpaats Hftomel/, wherein each of the partitions includes a

group of the bits representative of a logical channel.

20.  The apparatus of claim 19, wherein the bits in each logical channel are
scrambled.

21..  An apparatus of broadcasting digital information representative of data
and/or audio in a digital audio broadcasting system, the apparatus comprising:

means for receiving a plurality of bits of a digital signal to be transmitted;

means for writing the bits of the digital signal to a matrix;

means for reading the bits from the matrix, wherein at least one of the means
for writing and the means for reading follows a non-sequential addressing scheme;

means for mapping the bits to a plurality of carrier signals; and

means for transmitting the carrier signals.
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22. The apparatus of claim 21, wherein the nunber of
bits in the matrix is equal to the nunber of bits in
wop®408022he transfer frames. 23. The appar at uspof/Us10a3/60569
21, wherein the bits in the matrix are arranged in a
pl uralizy ofrhea Ef)arﬁt'uQ BSclaidd 21, NiereiR RIdY @irkiSer OF bfé & e matrix is
21, wherein each of the partltlons conprises a
equal o thﬁallumb;lr fobltblllb@ﬂ@ﬁsbfﬂzﬂstraﬁﬁf@ef@mgar at us of claim 21,

the bi 09" reprecarapl 56 tstm 217 whetiin A Fiinete i lgg grranged

in a pARAAY 8f p21i@énsC! @l M 25, wherein the bits in each
| ogi cal channel are scranbled. 27. The apparatus of

clai m 24, f dihelapparetosnof ckim@l, whemin dach of Hemagitions dbmgrises a
| t he Bfgtl% prior to the step of witing the bits of the
puralb‘?’@f (X%ignal to the matrix. 28. The apparatus of

claim 2k fuf aﬁ&m'&&ﬁgzl NRRRgn t&h %fh@%ﬁtﬂﬂs §R8udes a

bits prior tot step of witing the bits of
groupchfdhd laits repxgmtaut/@oﬁetlbgwalthaunelzg. A et hod for

dei nter] eavi recei ve .. i of i.tal naj
r epr eseéft at i V& 3BPTgHE 8 ég W?‘Bd}?engb“cf 18i |e@‘fhtg]£gw3]&§‘?’6nel are
scrm}gqéaadcastl ng system the nethod conprising the steps

witing a plurality of received bits of the
d| gl t al27si gﬁléﬁe apparatumafc]laxn 2anurtheradinpgistnige bits from

the matri x, e one of the witing and, .

r eadi ngneagp é‘b‘s qrf Gﬁémg tﬁ%fﬁ“% BHiRfetott F%Ptea&é W&t&a@e bits of the
dieita? SI3RRo tRPmatiie et hod of claim 29, wherein the nunber
el ofr‘a’rgltg I n ?ﬁe matrix is equal to the nunber of bits
in a tr2@nsf efhefapparetusbf tlaim @il giutthér congpmiaing: 31. A

met hod of receivi .digital infor on represent at
of dat an%al?a/sfrma@g e Eﬂwspf é‘?%&‘% r%%fa%%{a@ of the
d;lgltaﬂ%fxﬁ%tﬁg‘ﬁ thod conprising the.steps of: receiving:
urality of bits of a digital signal; witing the
hits t@% et rimethodeéadi rgintdneating srebeiord. this Rt 4 | ohg;tal ‘signal
wher ei n at | east one of the means for witing

and
represepRH¥e 1ofr 43t 285/RE AHEI0 B Hekd naudie) herdrasting dupteds ithyy method
- compSiSine .using the read bits to produce an out put )
“°“p§|’gg%.5’%§nghe nmet hod of claim 31, wherein the nunber -
of bi t swiitingtadysuratityrdf xedeived eijsial the digithlesignahioer matfix parids

in a transfer frape of the digital signal. 39
reading the bits from the matrix, wherein at least one of the writing and reading

steps follows a non-sequential addressing scheme.

30.  The method of claim 29, wherein the number of bits in the matrix is
equal to the number of bits in a transfer frame of the digital signal.

31. A method of receiving digital information representative of data and/or
audio in a digital audio broadcasting system, the method comprising the steps of:

receiving a plurality of bits of a digital signal;

writing the bits to a matrix;

reading the bits from the matrix, wherein at least one of the means for writing
and means for reading follows a non-sequential addressing scheme; and

using the read bits to produce an output signal.

32. The method of claim 31, wherein the number of bits in the matrix is

equal to the number of bits in a transfer frame of the digital signal.
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WD 2004/ 030224 PCT/ US2003/ 030569 33. An apparatus for
deinterleaving bits of a digital signal representative
wo@Roodase2end/ or audio in a digital audi o broade@sUsI993/030569
system the apparatus conprising: neans for receiving
a pluraB3ty @& appiraueforaleditéichdihg $itd604 digRARSHAl fé? esentative of
witing the bits to a matrix; and neans fgor readi ng
data ppdforpudio inaghgitahauidie bydagdcastingyysten, te apparaius corepriding: he

means 1 11.0g. and ns r reading fallows a

non- s eq&%ﬁsﬁg Iteg%glp gg %’.1‘%5‘?? c?ﬁéﬁ%‘?fra’a‘ﬁglta* g’gnglp par at us of
cl ai m 3geandtor wiifing the bt iEmatfk; Md s in the matrix is
equal to the nunmber of bits in a transfer franme of the

di gi t al Mgpesriar readivg thg bispheamahe safron, wheosdn wi legst dngiof e means

[ r ion fepresentative of data d/or audio in a
for it b (P R RE R peBseiinfo e espmschone
conpr i S8 TRARSpafls 653N roRl e 3ok 8 bifd ih Sy hnari s
a digital signal; neans for witing the bits o he
equaljfoghe aumbsr gfibits in@ teansfigt fraime ofthadigitblsigmakadi ng the bits
fromtheg.matrix, wherein at, |east. qne_of the neans
for wri ??'ng AR FPRAATS EPB FECPY %é‘t‘adpf%“% representative of data

and/GtONdRAA H At PludRAb SR a4 NE sFEBE R ﬁ%tﬁ@mf . usi ng
the read g%its to producggafz out pﬁta si gnal . §§8{gThe
appar at meansfforseediving s pluntigy ef bitstdfe digitibsignaf bits in

e T ki or e b b1 Ge AERRIend] ol ik "¢ ©f

means for reading the bits from the matrix, wherein at least one of the means

for writing and means for reading follows a non-sequential addressing scheme; and
means for using the read bits to produce an ontput signal.
36.  The apparatus of claim 35, wherein the number of bits in the matrix is

equal o the number of bits in one of the transfer frames.
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