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method for simultaneously broadcasting analog and digital signals in a stendard AM
broadcasting channel. Using this approach, an amp]itude—modulated radio frequency signal
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-
plutality of digitally modulated carrier signals are broadcast within 2 bandwidth that -

o encoinpasses the first frequency specttum. Each digitally modulated cartier 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.
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audio broadcastmg system, the method comprising the steps of: receiving a plurality of bits
of a digital :signal to be transmitted; writing the bits to an intemal



met hod of broadcasting digital information
representative of data and/or audio in a digital
audi o broadcasting system the method conprising_the
steps of. receiving a plurality of bits of a di%a'l\t}éq"hzom
signal to be transmtted; witing the bits to an
internal 3 27 March 2007 matrix; reading the bits
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signals; and transmtting the carrier signals. 3a 27
March 2007 [0015] The bits can be channel coded prior
to the step of witing the bits of the digital signa
to the matrix. The bits can also be scranbled prior to
the step of witing the bits of the digital signal to
the matrix. [0016] In accordance with a third aspect
of the present invention, there is provided an
apparatus for interleaving bits of a digital signa
representative of data and/or audio in a digital
audi o broadcasting system stemthe apparatus
conprising: means for receiving a plurality of bits of
a digital signal to be transmtted; neans for witing
the bits to an internal matrix; and neans for reading
the bits fromthe. internal matrix, wherein at | east
one of the neans for witing and the neans for
readi ng foll ows a nonsequential addressing schene; and
nmeans for witing the bits to an output matri X.
[0017] In accordance with a fourth aspect of the
present invention, there is provided an apparatus for
broadcasting digital information representative of
data and/or audio in a digital audio broadcasting
system the apparatus conprising: means for receiving
a plurality of bits of a digital signal to be
transmtted; nmeans for witing the bits of the digital
signal to an internal matrix; means for reading the
bits fromthe internal matrix, wherein at |east one of
the nmeans for witing and the neans for reading
foll ows a non-sequential addressing schenme; neans for
~writing the bits to an output matrix; neans for
mappi ng the bits to a plurality of «carrier signals;
and neans for transm.tting the carrier signals. [0018]
I n accordance with a fifth aspect of the present
invention, there is provided a nmethod for
dei nterl eaving received bits of a digital signa
representative of data and/or audio in a digital
audi o broadcasting system the nethod conprising the
steps of. witing a plurality of convolutionally
interleaved bits of the digital signal to an interna
matri x; and reading the bits fromthe internal
matri x, wherein at |east one of the witing and
readlng steps foll ows a non-sequential addressing
schene. o
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[0028] FIG 7 is a schematic representation of
reference subcarriers in a |ower sideband of a DAB
waveform [0029] FIG 8 is a schematic representatio
of reference subcarriers in an upper sideband &f Mgrch 2007
DAB waveform [0030] FIG 9 is a functional block
di agram of protocol stack used in a transmtter in a
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[0036] FIG 18 is a functional block diagramof-a

scranbler. [0037] FIG 19 is a schematic diagram of a

scranbler. [0038] FIG 20 is a functional block

di agram of an encoder. 5 27 March 2007 WD 2004/030224

- PCT/ US2003/ 030569 [0039] FIG 21 is a functional block

di agram of a scranbler. [0040] FIG 22 is a schematic

representation of an interleaver matrix. [0041] FIG

23 is a functional block diagramof an interleaver

constructed in accordance wth this invention. [0042]

FIG 24 is a schematic diagramof a differentia

encoder. [0043] FIG 25 is a functional block diagram

of a signal constellation mapper. [0044] FIG 26 is a

functional bl ock diagram of an OFDM si gnal generator.

[0045] FIG 27 is a functional block diagramof a -

signal converter. [0046] FIG 28 is a functional block

di agram of a DAB nodul ator. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON [ 0047] Referring to the drawings, FIG 1

“is a functional block diagramof a transmtter 10 for
use in a digital audio broadcasting system The
transmtter includes an input 12 for receiving a nmain
. program servi ce audi o signal, an input 14 for

receiving station identification service data, and an

I nput 16 for receiving main program service data,

suppl enmental program
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service data, and auxiliary application service data.
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| pai ts such.as, fading and _inpul sive noise. e
ool DTN SHE G A AR e B oL ot
digifhY Bhdi6 i B YRig{ orm 50. The waveform incl udes an

-~ —anal og nodul ated signal 52 located in the center of a

[003] oadbkst10 igh matonabhlocly dingragt ofghemaHemiphipsicablayer of the protocol

stack REGEH AUHORGRPRN] sl SHNEREUAdI KL AR LI Pl exed
subcarriers I'n af upper "sideba , and a second

[003P]ur aFkG. )l 10§ a estemayic sqpassestativn dfagiinttfaye bdrwemlieyety of a protocol

ivision rmultiplexed subcarriers .60 in a | owner
Stacgi ﬁdra@‘?lm?gg‘%‘séﬁ@é}“i%?%r EATHAS & bcarriers are

[003¥]0adERS 1123 a ShbRYEE reBRWFatlo8\6EhL nidiRM frife ARADAB sigual.
nmodul ated carrier to conply with required channel

[0034] gnaFIGvd 3 lissa schrmatit xgpreaéntationsd vhdeusanagdencizamasdn 8 D/ signal.
[OO%A\S{ : glﬁlgsl. [‘4,‘1 5,p iG] #:ldt 17948 sc%@%aﬂ@fc?%?égtﬁk&g AF e %&%nﬁa[r? subcarriers .

ed’aS’ ret.erence subcarrre
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. 20is a functional block diagram of an encoder.
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frequency partition is a group of 19 OFDM subcarriers
containing 18 data subcarriers and one reference
subcarrier. [0052] The hybrid waveformincl udes a
anal og FM nodul ated signal, plus digitally nndl%ﬂ‘ﬁ@&hzom
Primary Main subcarriers. The subcarriers are |ocated
WO 2p4808A| y spaced frequency |ocations. THETEUR30{03056%
| ocations are nunbered from-546 to +546. In the
[0039]/\/av§"l@l?mlsﬁmﬁdiﬁlalﬁlockhiaglﬁmhbfasarmm' are at | ocations

0040 352%(% +546_and - 356 to, -546. waveform wi | |
[0040], %;1%%30 cé‘?ﬂqsﬂ’éat’ﬁﬁof‘mlf“ie ‘fa"?rﬂ'%%}? ti onal phase
[0041Fr em@“ﬂqs G hEs] BBcK 8a %rﬁxﬁ%fﬁ{ Intedo et QdnstARISE P B¥brdance

The digital signal 1s transmtted In primary
Wiﬂlﬁnﬁinﬁer@mebands on either side of the analog FM

g own i.n Fl Ea ri,jary main sideband
[0042fs @r&?assaeﬁn?ﬁ atie digerap o éaé@?’éﬁ?ﬁ:@gﬁﬁﬁoﬁ?r ons, which are
[0043p! | PRR08 6k ARRABNA BRERHRL RN DT B8 60 Edr@ﬂéﬁﬁﬁoﬁﬁx’é pepl - 356

t hrough -545. Subcarriers 546 and -546, also I ncl uded

{0044] n 26 i avancfionad bleck didgrraefian OBPM sigrelciendrgoral

00457 ©f B85S aéégﬁ;%%%'b@cﬁ e%ggoegggaﬁ%ve&f&d:aggal .

subcarri er y
[0046] ac FIG. 28 [$Addtioh4) blobiediythhiofla mﬁ@&u[aort he digital

signal i s transm tted in Pri rmr Mai n ) sidebands
on ei t her DETABLED DEHRIZIIONOF i shown in -
00471 Gr g
! o RO oSBT € g

for uss uxbaailgmb awdi® Hfoatldastingodysted STheottansBfiler inoludesgdn m54t512 for

rceivigh ST RIGEam By g %?f@r%é@%"lﬁa?ﬂ%a?ﬁ%%@é%&oﬁ identicaton

servicddald, H%?Qpﬁf)&:i@&_f@mgreﬂ@n scrRbEdaBl) &&Fﬂemental program

subcarriers. The anp de o each subcar
servicesdagd. andl duiliary applwpmomsgﬂ@eslm BorfhabiibPAB[ ho &BlogFeGion 8f the

“main o5 SR GndiS GRS B ho B nEEIGR 1830 Bediee’s Bhyed

analogCiudidt sifialdon BEHIP0) 0 AR raudR fsivbs@stér® 12 @flcdabs] Slaciddipredsts itk thin
the primary main sidebands present in_the hybrid

. Prograjges6evcs apdio sigpal el pregucs in encodedpappsrssedyligital signgbon lingo24. oh
o4l RIS 28300 B A0S/ el

the stafiont Einntﬁdaﬂdpknemte\ﬂameﬂae [303: 101 pogmdlmrvﬁdaeiaanaipplgmMSpr@mh

serviod iy, it huihery apelcaion SSes doh Srsbiels aing pakol Lo GHRES
-tranSp&tr s@iaj S%Qéésiiﬁg % dRChREPRALS RBR dnl %p?es&ﬁé!ﬂﬁ . qrzﬁ blee028,

-280 to -355). This waveform wl

30 aﬂdr$6r fﬂ;¢ feyultveg signals ammulhgle)md by sérvice muttipheneri 3iand sﬂnt PHbsRF

oG 5E PRt 85 e i &t et el BB o By ook

40 and e ERuRIAG Yodbd sighiliof ifie 4 nwyduR@d bloh@Wah the analog audio signal as

illustrated by block 44. The resulting signal can then be amplified and broadcast by antenna
46 to at least one of a plurality of IBOC DAB receivers 48.
[0048]  The system employs coding to reduce the sampled audio signal bit rate 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 intcrfere with the existing analog signals.



ref erence subcarrier spanning subcarriers 356 through
546, or -356 through -546. The upper primry extended
si debands i ncl ude subcarriers 337 through 355 (
frequency partition), 318 through 355 (two fregﬂgﬁ391ﬂxﬂ
jtions), or 280 through 355 (four fre
wo @?"@ﬁ%ﬁ“ons) The l'ower primary extended g? yﬁ%@gosw
ncl ude subcarriers -337 through -355 (one frequenc

[0049] parJBpﬂ BAB, sigmalpaap (be dppHniltah i %rhmldr fogRdpelyding an andlog
moduldea¢ er NS }“bm%ﬁ on \éﬁnlg ?F) gégrg fdi%tgg% s bich ERALE BEM an all-

art I ons canl er can be
mgmmﬁm&yﬂmmmmmm%xmcum [0058] FIG 4 is

a schemati c repr senf at.i on an all-digital . FM|B
(0000 S S50 PRGSESgh IAcc Gt SHIo5 e OF P o Bt pirgtoe
same iforfih bltd feﬁtﬂ %oﬁ@eﬁ&arys CRRAbL ichpHidmén@X RRAdie" GadkdRe and

bandvvl 0 e primary digital sidebands 82, 84, and

impulsivel doisgy Iomer power secondary sidebands 86, 88 in the

oSSR ¥ Aieiet FbreetEn 26 S vBARRLIOY Refinalss! TR

'Wavefoﬁhghélﬂdds Yoo "REIbk AhEEhBedOSG il 1521 18cadd MmUihe Aefite€bf a broadcast

| ocations -546 to +546, w thout an anal og FM si gna

channe} 6 5ofirsy pluzalityi ofi eyenly spachd oxthagonally itaupensy é‘h‘ﬁ%lon multzplexed
subcan?c?sr dd iR lﬂﬁf[:er g er:ba§18 B, SdhEodRg PW%@G%W ﬁﬁ{:% (#ihgélﬁlally

prese pri mary
frequeday ghtqﬁbn we;ﬂe;rem srﬁaatﬁers Sﬁﬁcmn ddowerssidetlaad d2al The igitally

e AR e AL e

carsier & SRR r@;?ﬁ@d’ Bfannd] REnAGEAREaTNe MBIy théRMAR SWcarriers
parti'tions are nmapped nearer to channel center with

are dlvxdh@maemtmasr atid ejioahpcartiers tmetdﬂmmlteﬁaﬁ referencesehpatriees. A

o i b8y SETA RFEIRASA RN B30, H0RALA

one referfdeWabdagied 2 OFDM subcarriers and reference
subcarri-ers 279 and -279. The 8 27 March 2007

| iooszrzoomedamwamfmmw@mm@gm codalnes Signd Pl Jizially

Y T e e

frequerdy gd)daﬁbnsl ﬂﬂﬂé@bz&ﬂae]ocaﬁbmaﬁélmmnhramﬂ fromt eféthie+546. In the -

subcarrier is_placed at_ the ce r of th nn ()..
wavefopp o §lih el Bsaubrarmies a,a Meptings d%gfre 3%9 g%% i

. t
. wavefo?rﬂkwﬁ ﬂ@ﬂlﬁéﬂg D Geddifinem Rl RihsHRAR gﬂc o s pr&akia E!onversion to

requency partitions. {0061] Each

' . the All$higisbwadtfapans subcarriers 1 through 190 or -1 through
- - 0...The .upper. Secon Ext ended band..i nc
100531 ot i bR B e ey meobffioar e B aihe
-analog @‘hgﬁi%ﬁﬁleﬂ shbH8 BRG] 71C EAGESTinsAHP G di@dband fskdnh:liﬂ&lﬂdif ten

plus additional reference subcarrier 279.

frequencmvp’@:tmses; ol yreERliasaled mong spbesariarn 366 darough éé%rcrrr éﬁ@

througt, 533, sUtieRElln 308 500 heb AEIGBA L PFROAAP kin G RLERK Ml

additiond Qbﬁei‘eﬁéhakubbﬁﬁ@ﬂ’s.enl'ﬁlﬁ: aijlivader dfegach JMarribh @ak bt abaled by an
frequency span of the entire All Digital spectrumis

amplituglo scafgfactp . The anplitude of each subcarrier can be

- [0054]SC %‘?ﬁje ﬁ%nﬁ Ryaveform, the digital signal is transmitted i in Primary Main (PM)
B - 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,



anplitude scale factor. The secondary si deband
anplitude scale factors can be user selectable. Any
one of the four nay be selected for application t
secondary si debands. [0062] The various DAB vvav@{]&a?fﬁhﬁzom
gﬁrﬂovi de a flexible nmeans of transitioning to a
WO HIHIPRE broadcast system by providi ng t hr REeI/HE{ps/030569
waveform types: Hybrid, Extended Hybrid, and All
are adddiagil mifererbbesublpidrsl Thd abplitidel ol epith pubgamipp issscpled dynan
. t.he alog FMsignal, while the AIl Dgital type does
ampht”l%?‘%aﬂ",}?‘?m“t hree waveformtypes conformto the currently
[0055] @/ G as @y S HPRSH BhreRabS MG SXRfled HyBAEBM HOC diagifsral
signal is nodul ated using orthogonal frequency
- 70. Theleindedlaybrid wavefprxis sepated gxwmngp@n@mqwnép biodgy2, 74 to

. nodul at i h ' ' t . - at -
e o M P HEH) s AR ARl Ryl P
one, two! @ frdiehoyi patibayen ws |aided@6 B inser ellghefi @t pymary main

] flexible, readily allow ng the mappi ng of |ogical
sidebandhannel.s to different groups of subcarriers. 9 27

[0056) Wﬁ{g.y%&%ie% %ﬁﬁ %{va%ﬁ]g 241 RET 1A4S2OR3/ 0B HRO @i’dital'li‘d

t he orm t digital signal is transmtte
modulated prianpmin\abeanfddd/fsubmitdebEifddo ahdteindrdso ti-d46)and soree

anal og FM signal .in the Hybri v r p gp—
or all gy SrgposaoaT R KUY 4350 EFEeT Prh AP R ofhip
wavefogtﬁ‘eﬁﬂ nbidalll) Se A5 REng M RithBhnsitibha phRR| pa@eding gaRtrsivn yo

e nonophonic or stereo, and may include subsidiary-
the All Qigitalwineediorioons  aut hori zati on (SCA) channels. [0065]

In_the Extended ri r i it
100ST) i PO R b el pRRAEHS dian Aokt
referendd SiPSHridr Qpanifik QAR idisPsb dtronh (6] dry-356Thiangla 6t Toeapper

spectrum allocated to the _inner g of each Pri [y
primary/eitended gidphands include sybgargers 347 %FP?@?@* ®5 S%CY(IB%%" ),

' i hidl \gy R frRbiancy Patitions).
318 m‘%@%@f’%%ﬁ% pelidof), 6 380 hBliip s R ok oy pitions)
The lowéri priadayy ekt@idedibidebiantisbiarhdls silscafriats -§3 Ethranghl ¥ S{ane fFequeney

Ext ended ' f I ddi k| t hi ),
- paciog) A prRReRT b reargrr e SR ozl ARrah s IR i
“+ partiti dchbifeHel cHRedah YORCHRE arplinide@cadiatiog FM

Pam“"gf)ggg ) I%Oog;d]?eafhEﬁJC]:DM sugi&ar ri gjrr?dar e1 asgcénbl etglg'i nTthg

[0058] r FGemiya shemiticirepresentioniof an dhdigitd FM QG wayedorn &0

. . i sed .of eight i er .
gl peRtn Ssoapret s SRS Bl fitnd SRR G pmdng
pandwidfhdof tHe p r gk RgtlebdBlls 8ZN184,panli ddding Wivet-p@ver secondary
: reference subcarrier (ordering A or e(E,';aﬁ,] Va{aLeSeWth th
sidebandh 86,138 d the sproapmivaeaterd by dleenge panal Thegl-dgtial iy {97 i the
illustrat?e@ gﬁléé&ﬁge% 1{\(‘%?(%? lgigg’:ﬁﬁ" 5t SutcRiR iSRS e AHR A8 fibRI-546 to

frequency partition, depending
4546, Withoutwe aneloy Fvesignatle, up to five additional reference
100591 S A S0 he ten i, fooqunty Cpastitions, all four extended frequency
.partitions are Vprcé,ent in each primary s_idebahd of the All Digital waveform. Each
secondary sideband also has ten Secondary Main (SM) and four Secondary Extended (5X)

' 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. o
N [0060]  Each secondary sideband also supports a small Secondary Protected (SP) region
90, 92 including 12 OFDM subcarriess and reference subcarriers 279 and -279. The
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t he spectrum at subcarrier nunbers -546, -279, 0, 279,
and 546. The overall effect is a regular distribution
of reference subcarriers throughout the spectrum_ For
notational conveni ence, each reference subcar rd7gvlaich 2007
assigned a unique identification nunber between 0 and
WOW’“%&ZF | ower sideband reference subcarri BFFURES3K6Wn
in FIG 7. Al upper sideband reference subcarriers
sidebands$ BrebfNEd ik 2 fpBoteBed” THreaukt ey ewe losalpd dn Bretama of spectrum

fast Tty Lo RBeRFChY AT P S 80 BT RateR < b A FEEreREE
subcarrlel . FHERWLNGS chii! AR ThEMBL@).I FRAudkY batitonadedngef the SP

cent'er requency of certain key OFDM subcarriers. The
region dreshatrapply soethe pPatsicn doapeeicontan flequensypittitigted by

mul .t i plLyi ng the.suhcanyer . _ -
[0061] sulﬁtéﬁl? F%@Pg%%rh 89";‘3@“ %arénggn %@ﬁoﬁgﬁﬁ%ﬁ é rm(()m%hs
190. ThOEFHkESecdhdddy ERtende sidbtiand ohtiexsubcatrnd 891 throeghuditoandithe
rel'ative to the radio frequency %ElFéqoallg atﬁ‘g itianal
upper Sshendaw Proected Gidetand;incldess subcarpiers (254 {Boug 55 Pl 240taeR
‘ of the.si.gha i : Bdarries -191
roferend sybiBfsct 298 * PhPlofEESEbA DB AL KO hptuBuBlacchs
throughS266,@Ad tha dowed Seddntkay Pmteeted Bideband includes sub@uriers K6} thrpugh -
: 2007 WD 2004/ 030224. P US200Q3/ 030569 sij
278, plin pieRel Eprercn AEamEt 70 dBe doph PEEEY, St O, e e Al
Digital Ls?%%gnaﬁl 23961283 50t RO hmphiadkof Sach 3ABEIR afibe SBRA by an

on the broadcast” side. [0071] The system clan Pe
amplitads sailet factpr The seondary ddsbandemplimds sqalidpaiers Ry b Ve seleple-

| dent i.ficatjon.Servic : N
ny ong g b Py bEGRLK Egtono B BRudb BBl |
[0062] 10 211N arblé DA QvadbfoAngplogids er flexiblei méans fofidensi@@ing to a
receives SIS and AAS signals as il usgtﬁﬁ%%%:g%/ 3{1%)%
digital boadeasicysiarp by praviding thice 5% Vs pIR IYRES ndgd Hybmd,
¥ i L #Maha FM gal, while
. and Alﬁéi@?jf Z@lgﬁi{@gdgg@?ﬂ%ﬁmﬁmb g}rir w rle{tlzgfﬁ)'lqhe dgta service
the Alli DilgR4lftfeedoes ubtp UATS thiket waveform typeanonsbrontd the guiegndy allocgted
whi ch produces transfer frames as illustrated by o
spectrabpisHoRsBakor use by the RF/transni ssion system 120.
006311 O di@fhg si%h@s R @A oHheorhl RERENESIVision AKitipleking
anal og Tadi 0-progranm ng formats in both the anglog
(OFDMNAOBDY ised parelied siduisiiom scheme imadich tha dajpipireaph ppdulates a

Pr ogr ervice . can inelude digif ifark ;
-+ large "&F“?’g‘b%ﬂvﬁ@&f’?”i FReaieRy yﬁxcﬁ %ée %‘%ﬁéﬁé& I %%r amn&%gf.' QI'E%MAIIE/I
. inhere@§Flexitd, SYRH1Q rmo»sﬂagrt& appRiEeiNogiy:s channpls a6 diffstentgraggs. of
- FMand AM syStens differ primarily in a
subcarrigrslen? physi cal | ayer designated as Layer 1 (LI). The
upper layers are cormmon to both the AM and FM
systens. [0074] The S1S provides the necessary control
and identification information that indirectly
accommpdat es user search and selection of digital
radio stations, and their - -




supporting services. The SIS receives inputs fromall
ot her applications so that their status can be
broadcast over the Prinmary | BOC Data Service (P I
| ogi cal channel s and/ or Secondary | BOC Dat a Seé%clhzom
(SIDS) LI logical channels. The AAS allows a virtually
WO Y#93Med nunber of custom and speci al i zeBCHPR0§330569

applications to operate concurrently. Auxiliary

[0064] ap dhiteaklytoidswavaforahe digiiel sgnabisyirapsmited m Rrireary b%/em &M)

. 0075], FI Is,a nct i;onal Jhl.ock diagra
sidbang a8 s 0 obhe iyl o M e MU leRERATH Bonrer el
of eachPAGEbaM ik FRdidby BlEhee tiRalGioeenin thayels KM sighs. (Thy ahded
] | ayer, the nodem through a plurality of Layer 1
signal dgegyy be anenaphanic |95 R0, ( P‘,mai6l§‘.°1“[i®(ﬂ%ﬂld1ﬁ1ﬁe°‘f_qlm pations
. ' [hterface between Layer 2 and Layer 1 of
authon?ﬁié:h@@é%)é@ﬁnﬂgﬂmocol stack. Each channel enters Layer
[0065]11 iIn tith Bxaeit@Hybriedvefornty therbandwidth lof the Hiybrilisidebauds cambel

rate determ ned_by the service de. Transfer.fr S
extendech iiwasth ths, n0EENRSIEBR Fr GHTaSE, Sreitah copity, o byt agipoRel

' ogi ca annel's and their fudnction is central to the
Extended Gi¥gpikebandnd transmi ssion of data through the | BOC

syste .agi cal .channel Js a si.gnal i
t00661 & i Mgl Wavesipl Wenalof sftpdyrho B bt & Blngwigan of
the prifd il sRBhanlE R full P eXibided 10 ik iR Bitbnd®d HYBfig WwaR€f0in. WD

~.2004/ 030224 PCT/ US2003/ 030569 | ogi cal channels are . .
additiop.ethis tavcipym allawsdowerawpr digitabseco s1debpnds &g pe trapggutied in
i.ndi .that the data in the | ogical
thes C an&%ﬁ%&pgy g%n%?ﬁ}g%%&é vector. [0078] Scranbling
[0067]r anieOFBY sub@nitigiré adserdbiedintofrepehcy mditoas. Bivhiregiercy

o"whiten" and, mtigate signal periqdicities when the.
pastitiopy satived o SR ditas 13 g QR ESHEYTIH SHOCRE BYyShopgy

‘spectrufis ahécaﬁsg 16 SnrfoRl e Yhidch PSRN ain(RRFA, e BREBImBY

' HIG. 52@%%% g%%d HAbes %ﬂd@l’iﬂ%‘-]ﬁga%elﬂbﬁgﬁﬁﬂof eRARAPénca sBbearrier

to random ze tine- domain data and aid
(orderingnAroe B varies with theHoaation oft the frequ@neyapapition gvithin the spgetrern.

preyeni |on strea of I's. or 0.s. or.periodic .3
rooes1fy cHeihs i dekiebdsh PaberBtmerBicRly Wi Sn DitdoREy Cplithéh,
dependii Wil he Brgidd irdfke, Rp & A%S addondlNicfi06 ethchrfib laferinsuiee into

due to higher than average fre%gency conponents in,
the spechiem ab dulicamrieri nehbpriat 346T1e7% & 2D A §46s The oasraly sHectdf 2

oo B 5 5 e PEA R “BUSHE o ot

_convenitRBE ehdh refelfcd @E&aﬁr@dr iscdasipmel ahtpﬂ(jimlf'iddntifimﬁom dimberbetween 0
: conveni ence. In _this case, the infaqr i.on bits ar
and 605 Alhlopersidebapd referones soeaTiess 2P SONEA g’?éﬁg r‘%ﬁ?ﬂ?@& Sidcband
' _ ; | 3 ther I b b sie Helw
referen?% gﬁt{c%gx?%aﬁ?é gﬁg’rﬁlnlgiﬁ@. berrnRealdstindifate &6 AERISHY Yebveen

I's that sone |low |l evel of security
referencasubbariemuinbys dnd OROM subbmrierewaibensr nust know t he

[00691; BB s sbo o T euings pERP b s e fenteh
frequericyCofléer @ key?OFDRE bidieh@idrsDY ThO @B fie@RndDOL a shbéarrier is

oUt puts of the scranblers are transfer franmes of
calculated by muitiplying the subcarrier number by the OFDM subcarrier 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.

- {00701 FIG.9is a functional block diagram of the signal processing protocol layers 100 of
- a transmitter for use in a digital andio broadcasting system. FIG. 9 illustrates how cqntro]
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 00743chaFheeBIS provides dhes seceriary oMo} @nd ifeiiieation

scranbled bits for each of the active | ogi-cal
channel s. The scranbl er generates a pseudorandom code
whi ch is nmodul 0-2 sumed with the input data vec}ﬁs
The code generator is a |inear feedback shift 2 arch 2007
. register. [0080] Channel coding conprises the .
WO H0#H030?28ns of scranbling, channel encodi ngfCTA}§0063/030569
i nterleaving shown in FIG 10. Each |ogical channel is

signals gpq maiipnavanals pegasad fupnh dheraiousdaversiof trapraiorad stacaf
generatd Qé gd@gi%&ggqatﬂp{xg&%a@gige i dentical, but operate at
di rates,

eren ependi ng on the active service
[0071]nodEhe Eaehh se1 dablsed igeprevide esrievsnservingsl idchdgigha Station:

..scranbling sequence using,a)inear feedback shift
Teent i ORETIONST 16 PR A PBAPervis Uk ept Tlitdaged by
blocks 367 aiblbed transfer frame is generated by nodul o-2

addi ng the associated input bit with the ]
[0072] c or A ekposediicegintrifaceo 1 06 tescisesr Si¥bandnyAS cipnelt s, illpgogd] by

s oy P oA D5Vl TR B M i

- (MPS)dafa difraD s0Vintstiab 106 ad Eowitby Biddvdl .114.nfrde ratal servi@niiterface

control is transported in discrete transfer franes

outputs,daga oA ehepyieb muliigleaen 1186nuhisk Produses dapierirrees 3y Hiustyated by
[\ |0t .qaghese transfer franmes are
axrow%%g?(f)ﬁ#gpg@%g%ﬁ{a@&ggéiré@g?ﬂf%erVi ce data units
[0073] ( SDtig) Maih?PcdgrabSeariic® PetervadOhd GRIMINS GRdeE radio-programming
- PCT/ US2003/ 030569, [ 0082]. For each.frequenc artitian
formate g bl o e g TERUES IEiHCye NG DR iic
can ineggjglca it Gatd BLEHGRBGE cHEPAAT itIEMS abRHY h%.mm@m ghd

riers are nun‘%ered fromO at ‘the center =
FM systeraqsherecycopundidgstam peotodod stagka didfand WM estemsediffer primarily

in & mikEI PSPl S QERANRY 5 4R Uk g pitaiest i obilndh £

 both theAME andBENTBfsBimsconponent of system control, deterni nes

the transm ssion characteristics of each I,o?i cal

QEAany ghat
e ULASFRAARE ol G055 BCIAE oFAGHR B¢ ity ot e

supportilipsenetes. The SIS echives énpant fsom bl othesapplitutiony 3ot thati theif giatus
sel ection. They incl sel ecti en_hybrid a
can be dyqadegst pyes thesPrypary i@gﬁﬁma szea%&ﬁ 5?‘3’&5 iitlﬁg%% ic Wﬁ&ﬁ%

| o : . r - 4 -
| Secondg%)f Eé:lf% Hﬂbﬁbﬁérﬂoes gf?@jdLP_log?&P haAhakY THE AP Bllows a virtually

al sign esired acqui sition robustness,

unlimited mimhér of] castorcandespecialized digikaks spplicdtioptitd ppeyate Toreurrently.

o ..plurality of |l ogical channels reflects the inherent _
'A“X‘I“%' @H%ﬁ?@%?gﬁ“d}e aﬁ#@ aéwg’é]i‘ﬁ‘“&&rﬁt Ysupports sinul taneous

D,

[oo751del freeny i0h fRkb o bk @gaen of maigh/piysicallaien 1 gactessing.

data. [0084] Layer 1 also receives systemcontrol from

- Audio prddata are passed foam hy higher pratpes! layesyie therphysignh {ayen, the modem,

trougt } BERRYLale PR SR RIS AT RSt Pon e mar
[0076]aNTIRECDBARI ARG tié Qfterfioel etoont Laer 2 Lagardeotsthalspstem

factor_sel ect, and o . . L
protocol stack. BEach channel enters Layer 1 in discrete transier frames, with a unique size

* andrate determined by the service mode. Transfer frames that carry information 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

il



P3 interleaver select are sent fromLayer 2 to Layer
1, while synchronization information is sent from
layer 1 to Layer 2. [0085] A system control data
sequence is a sequence of bits destined for eacK7?March2007
reference subcarrier representing the various system
WO 1838+ conponents rel ayed between Layer Il‘é’\?ﬁi““%

2. Several bits of the systemcontrol data sequence

logical bhavingla aareaﬂeﬂutﬁk by wpdbolasech goRt.r BMSedlf etsm Khg dipderscore

rlma res trol data
mdlcatqsgli‘aéﬁ‘?bé@ yfcf %ssear‘:;/eg%rcont rol data
[0078] nts%faﬁ'rﬁ}ﬁﬁ% rin%ﬁ&ks e il e ii{théh iogical chp@ed td ‘thxten” and
configuration of lﬁgratl ng paraneters specifyin

mitigate Kigoa) glnp@dlcmgsewh@r Meefpay &) demgdulated i atcea\f%@}al: gyelog

e RIS, U F A Gl sl

domaint dﬁt@|an@faztfirﬁhb€éiv&&dyhtlﬂﬁuzaﬁbdeSScréﬂﬂ:émgawelsecbta peevgat long
service nodes are MPI

streamspty 1'sTphe "¢ OR PG df‘-fﬁepa&ﬂﬂﬁaﬁ“yda sa}ﬁ% sposgriisiie I e
synchrcg%%ﬁor?rﬁl%e&g Al YR rrdREGSe aﬁ@to NEhek thdﬂsgreraﬁ@ﬁeqtﬁﬁﬁl

ey configure the second ary | ogical channels.
compo:ieﬁaaﬂ TheAnodnitaladignah fieetcraimbling isi ofiendoysaat thet medulation level

' ts L1 SDUs t.ransfer fr

after coggy Haer e (EATRm BRI A PRt gred atpaenb o s SEUEE is dott b
- the logﬁﬁdzﬁandeﬂﬁ{ﬁdr 1d estfodénB forfcvhaintencd. ITh &if ame, the ﬂ%rdﬁ&oﬂ lﬁts are
ogi cal channels to higher |ayer protocals.

scrambledgwblah restlinned somgveat spsaspbledhmeddatgd signa); c“eﬂoithﬁa Eeneﬁé of
scrmnbﬁ%geir\égxhg g?c%%@hm\%ﬂ%ﬂ%foﬁ% %@‘fq Eﬁﬁan S0 Loy 93S

ur primary Togica nels whi ch "are used
the mc&iﬁérhd@ﬂhi&wﬁh@scﬂﬂhﬁ‘l& f.bdalftddec#delthe[]laj;a tal wavef or ns. They

re denoted as P1, P2, P3, an S Ta le 1.s \r/ﬁl% )
00791 5 &wquwmw B TRV ais e oA R L AP
selected %3 ﬁ"n@_ls ﬁ)ﬁ@nﬁﬂh aspyg § P el fcrambiBls| HBItHAnSTEY YoMy of

a Approxinmate Informati on Rate of Primary
scrambledgbiesa forCehnefl the dtive dsgicaht chainetsor e spranbdere generates a

sl 385 SR A BRng T MR YA e
: generatWPr% a%eﬁ”f&d&ﬁ:k%h@i&%ﬂ&ed Hybrid MP4 98 NA 50 1
t ended brid Wb 25 74 25 1 Extended Hybri

. Al
{00801 D| dihaahel cmh@g sompgsepth funetone of saampling e anA?HGHEﬁ?%& gnd

interleaving shown in FIG. 10. Each logical channel is scrambled and encoded separately

and in parallel. All parallel scramblers are identical, but operate at different rates,
| depending on the active “service mode. Each scrambler generates a maximal-length
- scrambling sequénce using a linear feedback shift register with primitive polynomial. 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. ' |
[0081] Layer 1 of the FM system converts information and system control from Layer 2
~ (1.2) into the FM waveform for transmissib_n in the VHF band. Information and control is
: .tfansported‘ in discrete transfer frames via multiple logical channels through the Layer 1
: service access point (SAP) These transfer frames are also referred to as Layer I service

- data units (SDUs)
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MP7 25 98 25 1 Extended Hybrid, Al Digital [0089]
There are six secondary |ogical channels that are used
only with the All Digital waveform They are dgﬂg&edh
as S1, S2, S3, S4, S5, and SIDS. Table 2 shows arch 2007
approximate information rate supported by e
WO Xe¥MM4ry | ogi cal channel as a function o?CT’g%&Q?W?fEF%/

service node. Table 2. Approxi mte |Information Rate of

[0082] Se dtom cbachy frequgiayapartitivan deh sub@siers ek trpishosdSneangey the L1

tion Rate (kbits/sec l\/b
SDUs. (RIS Fnmes Fgeeen Ve Shsft et Sibestie e Ryibata
from 0 Qt tﬁe écrﬂr leredplefiy BH540RIMRE efi@ofhOcandel )ﬁjel]ueﬂ:ygalloﬁuow
25 06 I A[00901 Logical channels Pl through P3

[0083) an dl‘HBl L1 D8 glarySh eazeeamﬁebngatecttpmlmgomdw wupiteomeded The

dat while the Pri vce
sevice St DB BTSN S AR DR By Clep e Rk Rdon
charact@i'is%cg%?'e%lﬁ thelfcal emhdl. | R%r RRésdinPahy lré‘@lrélhlaﬁé of candidate
i nformation. [0091] The perfornmance of each | og| cal
apphcantmn h@hen poworphystietelectiendies Bodes hilougH spigbbeconfigure the
: zat f nc
i 051 02 RS UG0S \LRERLSE by e
selmudmbawé@amd%ﬂtdilrmgmv siboaley Mnﬂ)ex[iaisums an eonﬁmuon with a

conponents of these characterization ,14 27 rch 200
hybrid wrﬂ@@ammvpﬂp@rﬂbé%@é}@s é@ge%‘i‘i&ﬁﬂ{ op e, content

latencysﬁtﬁvdegfeﬁ'@%ﬁl gﬁﬂfl %“ el 1l}gb§r BeichiNBamheGEORNRLME Snherent

act ive | ogi cal channel,
flexibilith f dte;system,ewlnmtn supgomsmmam:emprdehvw efivariens elassowaf digital
raneters. In addition, the service node specifies
a“dm‘"?'ﬁgatf‘r am ng and synchronl zation of the transfer

[00841f r émér i BEOHaHvRaGHeR 6ot ibRTig&l 2 fohagitelthe LHBOP Pysiem

processi ng stages shown in FIG 10 are denoted b

Controa leg:ssoal Tondvsen Cenrok Chanse! (SESrHetiaitepers conig) ang) statu

‘ h t
| mfonnét&o?lg :%lluraﬁg %c%miagﬂ ?erﬁ&edn%ﬁ?(%g{rrblp@ rﬁﬂ\?e sg%lgga foﬁael&lﬁ,tr?ﬁ&
P3 intedigslict baddis altehent droth Ljyer 2redlayet htvitdle sgrbrdnivati®i infrmation is

i ndicates_that the Iogl cal channel is processed
sent from Lpyer i@ F4¥ethan the "unprined” channel and is

: {WSS]deSA' 8&9}1 | ﬁ e%fu?z&la% &éguéhcg lof Hify &%neﬁ%:téa&f‘reﬁ%‘rence

the's rumw t cated bandw dt h. he
subcar&rrrgirmeumgeth& varpus sysii @mtrf:knomomv@ relayeddietivase |lam dend

Layer r@:: g%‘[‘?&“&f 2‘& %ggﬁé’q %ﬁ?‘gaéa%a %Sézfge Ft% chan n & hag

- Gl 1675 5hoSE 12 A o hawnel comesidita infa@&33ndTine
Comowed f%AP 160 defines th(;3 ﬁ}tﬂg?f ace between Layer 2 and

| secondmaen@doonHOhéatsyM@m |
_. 10086] A service mode is a specific configuration of operatmg parameters specifying

throughput, performance Jevel, and selected logical channels. The service modes dictate ail

permissible configurations of -the logical channels. Thgre are a total of eleven service

 modes. The seven primary service modes are MP1, MP2, MP3, MP4, MP5, MP6, and

_ - MPT. They configure the primary logical channels. The four secondary service modes are
- MS1, MS2, MS3, and MS4. They configure the secondary logical channels.

[6087] A logical channel is a signal path that conducts .1 SDUs in transfer frames into

- Layer 1 with a specific grade of service, deteﬁnined by service modé Layer 1 of the FM air

- interface provides ten logical channels to higher layer protocols. N ot all loglcal channels are

used in every service mode. .
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protocol stack. Each channel ent ers Layer 1 in
di screte transfer frames, with unique size and rate
deternmined by the service node. Transfer frames_that

carry information fromLayer 2 are referred to24dareh 2007

SDUs. [0094] The scranmbling function, illustrated as
WO 0483022462, randoni zes the digital data i nPCEERA03/030569
| ogi cal channel to mtigate signal periodicities. At

{0088] he Therepu foof priney kagircalrdhla:im’eg; wlfntlmré hed withheth hehgadid and
channel _vect s r et hei r nt it but are

All Déﬁltgﬁ Wﬁ‘&&‘?rg’ﬁeglr as & Evbg%r i pfm‘%’F@% Table jl shpws the

approi:iﬁﬁ&fahfoﬁhameﬁate'%a o By t)ﬁxhé&?tlgg?{ S elbds%hm&ﬁiﬁ] of
uses_convol uti ona codlng ancy tot

primagy; sgivicgimagat a i n each | ogi cal channel to inprove its

 CranaB % baiisgi e B ERIGe Gpl oioal ChseRacn o

t he Appgjmﬁitemf@ﬁﬁgémt@@bmg&ye the refitabiTTty of the
Servicé dnsm-tted information _The codé¢ rate defines the

Modé N¢Féase j2 ove{R8ad on EPIBSJded (‘Wg@kmresul ti ng from
: (,ncl El € o L) The de—+ate Ye—-at+-e—of

N[Pll nforgmatl oiﬁ i £ $7V0 the t'ot al num’gg‘m f bits after’

MP2codiopg. [[09@6] Cemvol utifqnal encogkiGaddFryBnlor M of
fodward-error-coarrecti o _channel lencoding _that

MP3j nd 88t s ci¥idng b2Es intqla conti 1E®&asdedﬂ{ybam of

11 bits-to—form-a—predi¢ FHet-ure-
MP4Un| gﬁuu“ wléck aﬁ%oder; a} cgnvol JEF@F@#}@hegder has
MP5 ey, aqnpt Its]ogitput ifg a Tung§ ’Ekt@ﬁ%eﬁﬁ-}yﬁﬂ&r [‘biﬁtgld

prévious finputs! [0097] [The size ogica
MPfich%aﬁ’irhel vieddt or s| NBA i ner ¢dsed in Extended Hybogaxlt Digitat

add v ot o Ao noc tho 1L neranca. i
noeo O AT

ttg,z-cod ate—TThe-code—rate—de |
MP7 v éPhead odﬁ cped chandel resu F?tﬁ@deflmﬁ?dcﬁ%ﬁ}%@
encoding. It is the ratio of infornation BIts to the
: total nunber of -bits after coding. 15 27 March 2007
- [0089T» immswmm/lmmwmmsm a{eoaesqmymmemamm@m

ch onf Y oServy verS|
wavef‘%f% agh%gg[%a élgte& gg’sg?eg o8P g@ cal*? @ﬁ%ﬁ%‘?“? '

approxbhate Elﬁbﬁrmn&efaszt@ﬁ&deﬁSca&x $dcdREry TofMBal GBAMRYI dsth fuRGRnQr
two channels carrying the sane information to defeat

| Secondﬁ‘aﬁe’?%"ﬁﬁoéﬁary channel inpairnments such as fading and
~inmpul sive noise. [0100] At the output of the channel

 entadler, Apprexinag InfmahaRisd ofS26ddhs Liogicall Chahibd 1
i de ty.but are distinguished now by the "G

SUb‘:Séﬂvﬁé (Apperxim4tPhifdrmation Rata (hiw/'s&cdr Vi ce  nodes, P1
and| Malde ar eg;ls-ilsgt L¢3 Pl gyl :Igﬂﬁyed I etinds! ayed
ver §i at—th uutpd,u. 1C r-er-eay-Ae—+hA—tH me and
fre*@hr‘\l OQQ ghm 2 ()(‘ké'lﬁ%!‘ is._e MO :
m t | Mbe t|#8 ¢fiteckas of Oburl# eftors. ] Adl Digirair|l eavi ng
techpisgued sar ¢4vaill@refipt o ftghe M- T adiARcp siiM!|r onment
and TQniki ) DYy SETV rode—j att|stics
of .@t:p‘,l}%.g :Trﬁ th d/l—ll: hnnnelmlg]‘ﬂ with

adj acent channel |nterference af fects | arge groups of
- [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 chamnels 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, interieaver depth, and diversity delay afe the components of these characterization
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subcarriers, for exanple, the upper sideband or the
| oner sideband, or portions of these sidebands. The
interleaving results in placing code bits such
the remmi ning good code bits (unaffected by £$§2“6h2007
|nterference) can accomodat e a reasonabl e good
WO BBH04r ed" noncat ast rophi ¢ code. Furt hePARHPRHOF G069

mul ti path fading statistics in the typical nobile VHF

Parameggian ey sarde meds Bniguele sonfigates dhese sethpanents avithin Layer 1 for

a
oo Do Anafipel ThebE el 3 “Inel hpreserton
parametdrﬂTEInfaddimg thd ®ivied inode spatifiescthe fratnivg and Byrehtoamaton dfithe
i nt er | eavi ng of the code bits. The

nd frequenc
‘Ians'fe‘f[? 31{@;2 ep @FV%‘Q&CM peby pl oi ted in the OFDM
10092] de o2 r&&ﬁ%ge%g&s' SRVhNE 116596 L Hého%édgﬂy E'lﬁ@@él'cxsmel

nmor e ro ust rmance in the c annel
subscnplr oEersstamples gt channelhdasipphtiont @SESIIHampted witlerani ‘5 . after

LA S B HELED, b aBeflon o
PY'o) s flat GORG) Snaifd id frodtied iRy Mok Th R b S W el

portion of transmtted spectrum The interleaver
and is dmtmadﬁoﬂ@m«nyrs&bn dm s diféefréne portivh of theeptatiain waluplthmgalzoﬁﬂcd

* bandwigf§e T Sinele s fruiSa potaded for § oetcnlcratoe) R JFoia B sy ot
data is( AREWdRhO alilR FBEEdnE U veb®AO 2Fadly 1pRA ERMhEIOkas a

rocessi ng, as illustrated in block 168, ‘generates a

dedicateghtcrambles pnd @y@uélﬁm@dﬁtrol dat a sequences that include
contr ol t S.

100931 br 212111 g‘és 66 d%% eel?{eéﬁg%sns? u eearr tf g‘a‘?ﬁm} ?agtth% system

protocolrethdk. EaciSclﬂﬁﬁ! gun&tsidyer)lzn disqrete tiapSf@rtRmnRe, with il 3ize and

. OFDM Subcarrier Mpping,. shown in block 170, assigns

rate deippmpingd Rythe seqviss nwé?r ri‘eae§fer Erprmesythat carpk {ndormagpn fram Layer 2

are refefBd fo 25 11 @pigae OFDM subcarriers. One row of each active
Interleaver matrix i's processed every OFDM synbol T.

; [0094] t 0 The sclablingrfancionpillustvatat asrblock 168 reltoiszea the d1g1tal datain -

ncy-donmi n representation of the sig ;
cach 10@&8';)131?5 o 20 SEBert el petodiisbe ol e WUBUgy o PRl
function, rtﬁ@lofgﬁﬁledhﬁﬁle? ] '}&ﬁﬁtth&ﬁﬁeﬁ hut dRcdil ed{/%em e “8”
servi ce node. Sone control 7 March 2007

subscrigtO@ 44, (BB224 PCT/ 1J820031030569 information is needed

‘o053 2 el GHIEof ERER) o BUES R (AR Ih bl o

- add xedumiaﬁdsmtth@mgitﬂ GENEY @bh Yol cliath@nd eamede ith RlaBliyGhRh

nal Ceneration, _as shown_in block 172, generat es

presenceﬁ chypgg] ﬂlapmﬁmnﬁ drhange] engpding igwseddRwids redyn

of
the 1og1tgzﬁ %hén'ﬂa ase F’e‘iﬁmhgfd(?ﬁ;e%ag%ﬁxdﬁ@ Lrgmgnﬁgg%:p% doalBite

defines ﬂyenbcrbase [de\&ﬂieacT ba aTodetsohiamel roulGubiymtchannehancetiognTha
: bl, o 174 rmat s .t he base veform for )

oo raBiS R TG &1 BHOTPRBOLEHS ' HE IORPVEIhSr RS 2 corin

- [0096] SU@oE#BHtIdn&rb?mbdiﬁé ikd@fo?ﬂﬁ"ﬂ?% gﬁ?—&&ﬁ‘—%@ﬁ@%ﬂ%ﬁﬁ@l encoding

f requency up-conver sion. tion
that insentsagoslinigthiitis imfo taheonkignuis cstreamoéﬁzﬁormammb@ fouioom |aqmed1ctable

' snucturtg:)gﬁiél%t ae@ﬁjlﬂc%cg&% 2 9011%8111{1&%1 grpcgde%%gsbilngg%r),, Em&M output Ba

. function of current and previous inputs.

. [0097] The size of the logical channel vectors is increased in fnverse proportion to the

" " code rate. The code rate defines the increase in overhead on a coded channel resulting from -

channel encoding. Tt is the ratio of information bits o the total number of bits after coding.
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to forma conposite Hybrid signal, s(t), ready for
transm ssion. (0106] The Extended Hybrid waveformis
created by adding Primary Extended sidebands t e
Primary Main sidebands present in the Hybrid wagré%‘f}ﬁzom
as shown in FIG 3. Depending on the service node,
WO &3040, or four frequency partitions caRCHBESHHMEE6Y o

the i nner edge of each Primary Min sideband. [0107] ,

[0098) EacTheRniotiigy teblimiques axde:baﬁgilrabﬁﬁ:b)u ghagict amwdé.r mm;delay is

o o i e S0 REERGNGs S HREEhk iy
one of BAP chahh&is 'hg 1% IR Vinfoihaoded 8irelebandtationsl Wkennel

subcarriers 7 through 355 (one frequency partition),
lrnpalr@msétuhlnm@ﬁmswilmmbivﬁm@q@ency partitions), or 280

t hr r fre ueney o)
[0100] Pr |§£a&y OEE’PE S?Elg}? 3?108 Tt REl lhx%xgal CE‘B%% rv ecE(?rg Ii&%@?““m
identitf, mu@b&mlstﬁ?&sﬁea%w by gpueCybiapt (&g OD1s”). 382 féw surgibe
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'[OIOI]Su%éﬁ%a%ng i ﬁﬁlﬁ agg Howld@ blﬁ&@llgﬁ fl@% oyed to

¥he Si i cance
mitigate nieoeiedtshjft ifire Rekotsh erhepatetleawrxgrmctmxgmm taxlnrhxb tarie VHE
subjected to inpair nt.co

) f )
fading pRIQUEFTE ang e SPRLEYF et éﬁfH’SFE e % m ' zﬁm"ﬁw& ading
in the [\fﬁiﬂ%}an-ﬁae aftinks \Qﬂg'a ﬁ&n%ﬂﬁlﬁ&r iﬁtérﬁr&l@@%fféét&tlﬁge %ibups of

di sabling the anal og signal, fully expanding
subcartiean dor eiamplst, theheppor sidebagd of diet lgwess pidelisad e, pmsaxﬁdhqsg

d de
sidevatdf The B Gopn ARG Bptaciinoae Uit nutl palle HIEGAY Bodgore
bits (ldaBicteal by\ﬁh‘iﬁiﬁfdi{bé)sc@h ewomntbdhte Ga  bascnBbil® 94oodh éplﬁylﬁteé’m
Control Channel (SCCH) passes_discrete transfer fra

- moncatpfroplyh epdst  Fetheraeray tie nil%ﬁll@ﬂh&@%rﬁ%{%@nﬂlﬁ aypival modile
 VHF cb&ﬁ’l@ Ireshit 1% RGeS ﬂPﬁ grg sele@iva; Lﬁﬂc ufn £ Qx@‘at lr?éﬁ% ot

ayer I'nc rimry cel\/b ntrol _
propor(id?ﬂ\@o thSesne gpepd. SFhese cﬁequehtz,dmdeam fading(sﬁGMc;s igfilrgnce the |

interleRY (i i daUPacy B, O ey ol B3 ke rgosmsy

| ..
mterlealvﬁ{g% eﬁﬁl\zﬂgéd Ngf%ﬁcfg%%lgﬁie%uzooﬁ glé@gifgﬂﬁf Gestied i Qgﬁﬂé’mﬂy

more rmw ms&maio@a@mgc@mgalt dh thinpescessnthedngipyt chmmslsdloss their

o OB RATEF R A a5 B0
- of one bBS%dre ldg‘ibaiidi?ﬂnhéw fnd i§ @46dded With & pmﬁculhf}ﬁ)rﬁc)tﬁdfelm teamahited
data sequence designated "reserved" are controlled

 spectruft: oFho lavelweaww ignafiops feHlect thg sageiyal meapginge 408

s S%S ace |s gg) nﬁdﬁeof?i%f g’mthlyon %gﬁ'ﬁ%ﬁ Q?ﬁlb;gg%ogm

thende@(mt)pmdnloﬂthecspdwum of the state of the control
information (with the exception E i S proadcast
[0102] 5, Sygiey @‘P@F‘é roressing, 4 Mjusraed i gfﬁgﬁﬁgb iacmatgy o
system%ﬁ&@}tcﬁ& deljfent @ hhiGiEBed QBN shd Rache (SHBD ﬁs?séi’ﬁcé BRde), for
~broadcast on the reference subcarriers. This data matrix is designated “R” for “Reference.”
© [0103] . OFDM Subcarrier Mapping, shown in black 170, assigns the 1nter1¢a#er matrices

. ~and the system control matrix to the OFDM subcarriers. One row of each active interleaver

| . matrix is processed .évery OFDM symbol T; to produce one output vector X, which is a

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

‘pon-uniform interference environment and is a fanction of the service mode. Some control
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channel s. There are two basic types of service nodes:
primary, which configures primary |ogical channels,

and secondary, which configures secondary |ogic

channel's. [0111] Al waveforms require the defiﬁ#%@?ﬁ?2007
of both primary and secondary service nodes.

WO DRUBRAry si debands are not present, the wgﬁf"@'ﬂ”

service node is set to "None" I n one enbodi nent of
informdtion is y@ﬂeﬂmt the fastiaér tofenailesbrequent deinterondeg ans fspesding in

the d | f
e varigambcdte. Fitertioh Gl ot SSBID TRUBERARE U 00T ©
[0104] i/g romq srg,fb@@eﬁé?ﬁwa) asah6wA &6 blpblat 2Z] gaseri¥lthe MipRal ;Nﬁﬁhn

and MP7. The active secondary Ser‘\iffL
of the m@é@nwsmwamf@mu eBheghit digetars ar sangformesb inid i 31apeh trme-

foiVbde provides backward
dommn'\ﬂmebaétpé}[ Y‘w dggﬁl%%) con%g\ltl bility ensures that
[0105] anwmewmyﬁie@owsubspmmt asoshowh i ih| blackr 134, tfoxenaRr therdageband
Service npde that c e decoded b receiv
wavefopp forsapsaispion deoweh g ik bl s b PRy symbol
'concauﬁg&tﬂ{ %@ﬂ@%&gﬂﬁg‘fc&%&%ﬂe%fﬁmﬁ%ﬁt #héh Wﬁh? fthe Hybrid
wever |

backward conpatibility,
waveform,sthJS\fmnthpn modulyteséa wiadeg sootte Sndrombinasiinwii the gigind signgl

atl it one, i ce nodes MP1l- MP6.
to fonn,@scrg’g‘ i i sign gg%p???%’l%?e&?y i ncl udes the
(0106} P! B! Picaddd q—i}@ﬁme&avefohﬁ RBYsle@sd AN bddihg damaarﬁemmﬂab

s1debmulsrr?c} &%gw&’;{i %&Qﬁ%ﬁbqrnastb;ﬁr{e nce %% ubc ar r 1&&&&
5. Dok etk @ Ol prd Y R eSS Vﬁg&sus %sm beagoed 1

the innéred@d 6fteach Puyihiiry Mresidebarel. rmde and t he secondary

ORI %Mﬁq@&wﬁ% drarerey g by ik

AP 856 B @f54T6V\Kl‘heu er
mfereng%én“?%ﬁr as??{onxd Bot h?‘feh%aiatﬁ% P1' “or onlgy the PIT*

Prindary Egiendeld sidehande Iimzludayuhsmmrﬁﬁa threwgh 350 X0 fragency partition),

b d -
318 tigagles By a0 HERrO POt 7 S ameusbi s Seerblbeons-
The 1d¥We? ﬂi}ﬁh&?ﬂﬁﬂbﬁde&%déﬁfdw ﬁ@iu@%’&&;a{’ﬂ%l-s 3870 ugdsugw%ss afone

invalid for the All Digital waveform Oﬁlyzgrlrmr

- frequensypaititionlrod s thugegh t~31550 p frepgency garitions), or <280 through_-355
- (four fF?ﬂlf/enSé psratllu?%sgc Vh\gl'%c htu é:ﬁ %%H QI%Q&%GAT %ﬁé@ﬁg?ﬁ/ HRE9

ry service rodes hr ough

. scale fE¥r. WRBrebison gmant lbdﬂ@ehhhe Aigmﬂcalcgl ofathe vamoeted rhits - atdythe

: conbi nati on of these pri mar, econdar serV| CEts
 partitionp awympd to bg meRsEbiected 19 {mpy q 1is are

JocatedSR Bie Iﬂ!)l:&&)ﬁ)%%&d%ﬂ%ﬁ&condar y service rmde contr oI (SSM

‘[0108] The All D1g1ta1 waveform is coustructed by dlsabhng the analog signal, fully
~ expanding the bandwidth of the primary digital sidebands, and adding lower-power
secondary sidebands in the spectrum vacated by the analog signal. The spectram of the All
Digital waveform is shown in FIG. 4. B
s ‘[0109] The Systsm 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 fo Layer 1, includes Primary Service Mode Control (PSM), Secondary Service
- Mode Control (SSM), and Amphtude Scale Factor Select (ASF). Status information passed
~from Layer 2 to Layer 1 is the P3 Interleaver Select P31S) (for Extended Hybrid and All
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are received fromLayer 2 via the SCCH at the rate Rf.
Servi ce node changes are invoked only on an LI frame
boundary. However, not all service node changes e
effected seam essly (w thout disruption of Lay%?il}i]ar&zom
_ service). [0117] In service nodes MP2 - MP5 and MP7,
WO 204g030204| ogi cal channel may utilize eitherPCTAUSZP3O30SE}
| ong interleaver depth (tinme span). The | ong
Digitaliwavelpinessondy). dbpsthtus wfovmador pabigs fromhlzayer k fod.aydy ropnsists of

' | eaver .dept Ho I i nt.er.| eav .
Absoloh 1 CH RS2 e Pl bR EY Bloptc Chfon BEY JaRlbd Bk bis of
the sysiati dbhtrafcfa&cae?uehmwed ‘epefvgd't arseoieiled ford Lges abowe Ilie

. heard. This [ong_ tuning tine is unacceptable in sone
via thecprmay resrgd gapirql datp Bferiacs and the sqadary [reservgf PR df2
. h . ) . . :
e s P FANRR DBt 1Tl 09 100
control dnformmttion {with the exdeptionsif QAFIN) RBisbadndst bretha rdferage subcarriers.

i nterl eaver can . encapsulate bjts from severa )
10110 ¢ o e 36 Vicee g dictates iy aBHEvon g ERanRg 8% thealpsical

channelsS ThereR@S RFESRlc-typkl 6f Rriide RoddsaP@inlafy, MalcwREMtigures primary
robust ness and content avail abili té delay. If delay is

logical chanaélel@né skcoudara whicheorfigures sgsonday logigaicharmels. a

spegific case, to he e.ore | npaortant factor
o1y 3P 6, e G e e AR R ) S B AL g, e
modes.| ¥ Bdcofdhry Q84b3hdRRESnot blesdn® Bhtsdeb@Earyiservices 81d8é [#e6ta6l ' None™.
under a given tinme and content conbination, to be the

In one gwbedimansif thmsysieme a dotal oftelpyvan servise grodes swppasbihe delveyy o
. . Sel ect (P31S) is

vanous?:é%lg:ﬁlég(gls?& %‘r]#%lés d\-}gl:éhaéi ttgtaglﬁ@%@gl%%en the systemis
[0112] t r RieMactitd prgmarp saeicy medenSds) lfdl designd®tl ast MIPS, MIPE2, MP3,

[ red b L. en, the tate of P31 nge as
wied, ML B amd M, T St iccondianrigs mas S TS et
MS1, Nige, $3Y nkBvisgode MP2 - MPS5 or MP7, there will be a '
: discontinuity i-n the transm ssion of the P3 I ogical

[0113] c hakfee Prim@rya Sgeivei Motih eprotidase baskwagll Sodpatihdity. af Bedkward -

the operation of any.other |ogical channel. 0120
compartifly BREHR A Pbeef R o ekt B epr BB BRBanv S i6Chgge -
that catl Bk @eddbd b bl RReiOdr. HHHAY s@iicd modA bitrBasintints, fradi@ thén -

an ordered, one-di nensional collection of data bits of

~ binary }9BHH0r jagrd reservgd hiop riuicn sxpagionn (Hgrevery | tog prsuise daghgierd
- comp a@?ﬁi’?@ﬁ %‘%&5{4{1 [”?I%a ssr@nn}%c%%g%ges tllg&g%g%tad? Ig Q%W e, gcgma[f:aﬁbnﬁty

-with onklofitfe seivicadsded KPe g, t As aminidbspbackealdicompaibilithinivdes
LEN).. Thi s 'uni ver sal nunber.i n hene a(fsurre

wenf 445
the PISlegical; ghannef. 4hq ssewmAiqﬂmogg%%W?@a @fl%é@cf@!{me over the
' referenéléhnduﬁ&{rﬁ&g, ahli "R 12006110 &aE £ d:hﬁﬂrlgﬁfhﬁﬂ cAP ALY rfediuml §Sfhty

e start .of every subSequent frame occurs at an
digital audict Anptsenyise magdetthadlie backwaifd cointpatible ¥Gth-hybrid service modes
: 7 .March Q7 WD 2004/ 0 24 PCT/ US2003/ 030569 .t ha
MPLMELJF 315 VO etV B TR PR S R i By ot o

“Nonenunber determ ned by subtracting
[o114) A pnmary service mode may maintain backward compatibility with primaxy
 service modes MP5 and MP6 in one of two configurations. Both the P1 and P’ or only the
P1’ logical channels may be supported. | | |

- [0115]  When broédcasting secondary sidcbands in the All VDigit‘al waveform, active
- primary and secoﬂdarj service modes are both reqmred Service modes MP1 through MP4

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



the GPS start tine (OO 00: 00 on January 6, 1980) from
the current GPS tine (making allowance for the GPS
epoch), expressing the difference in seconds a
multiplying the result by the frame rate, 2\9%‘:\'{?}12007
GPS epoch starts every 1024 weeks. The second epoch
WO Heyum2ht ni dni ght bet ween August 21 and ARfFHER0IHI0569

1999. [0121] The ALFN, which is passed to Layer 2 via

may betphizedSEHsarbndatyeserateandles MY thmugh MS4 vdeh daohad@slurkﬁethe All

del i ery f T riti.cal progra
Digial e  Anvscpbmai o aese FPBAGR T Sgontebn iioF gy i
allowagk@ch LI frame may be considered to include sixteen LI

bl ocks of duration Th. The LI Bl ock Count (BC)
[0116] i ndirignanesertiteemedssionird (P aseseeandary service made egatipl (SHMY

e ekl 0T ST G 3 6,
only o &Mal flameoagdary. NHoweldr, dotalfserviddia@le chaspeBCai be pﬁaﬂmﬁ

to L;\%er 2 via the SCCH at the rate Ro. It is
- seamlesshyd 3 %@sawnﬁm@flﬂwefle%eeﬂr&é subcarriers and is used by

[0117']t h%gﬁ %iﬁ%&es é\gp L Pt amfﬁﬂmﬂszl@éléai)&m&& g]unﬁ‘ib cither

[ Tu I on at1onship o bl ock
a short fm‘ langtarieawh dwpm {timepan)1 The lohp mtqzrleam Kiyptb ischetra mebustihan

secondar ands |nde ende al ed,i\n
the shog dpPHAIH oD GovRy T B Jore EReanr @hont 436 Becihon) Tesals inpy
long dc@odc tBhEwhick %ﬁe&@f‘b’c&v&fx@ﬁh@% fmé %Ef@ferﬂuﬂﬁchaﬁ%eﬂibﬁd Cmaisaeng
service node. One of four anplitude scale factors,

tuning me tsmwgnaldem spmes@lee 60 e shaghintgrleayergpb¥dst er for

R

Q._,D

or sel®ection
interleay&Sinkapstlate® 6@ iantl of Wis Lo? awighal RPUSGRIH: a\Meninterleaver can

transmtting the Hybrid_or Extende rid Wavfor
encapsylpip Jits fropyseveral epnsecative Pbn TPFAW&I% ?F*V %%ﬁ éoqgrfate paver Is a

7 paramelr. g#&e 13%9%6}2 E@tﬂ@éﬂqpﬂgﬁlekoau@ t&ﬁ‘ﬁv@ﬁbﬁw Qe ® delayis

seant essly a boun ary w t hout _
considetkds anmtimne by tspazificdiser fiopa lspnmﬁcrcasﬁ,a;oebe the gwraimportant §aces]

' The- rimary syste coptrol, data ce co
then a g Biopyie! mak g Elpa kP Tl NS, Jh b ges i
consrde%éff Lfder %%eh%méj ﬁi@coﬁ%ﬂﬂ&ﬁﬁ]ﬁn&ﬁ@ﬂtt@lbﬁ&h@mﬁ)ﬁﬁp@ﬂaﬂ factor,

deSi gnated reserved. These bits are control | ed by
thenalbeg/mtesleabomeytdselﬁcadt he primary reserved control data

i nt r on d
o1, D8 G Sl R A T R Sk W e
‘systemtiahﬁ&ns %ﬁxt erdide D0ULS m’ur o7 ldy bit islignored bﬁLl When thc
: ecifie ade of seryi oe The (mary | ogica
- state o% hanges(ag detpctedbon aphl framg fl%fy) e t Wag g, service

mode 1\}Elg%i' c aI_5 Og m%% »giglgna Sicﬁgu u§% t?ﬁel r safif B b P logical

- channell h@hagee in 2t stae of A3IBEd ewos affierd tlmompferaymned apy othee logical
service node. [0127] For a given service node, the
channelyr 5de of . service of a particul ar |ogical channel may
be [ t i@fel |
0 FetSinMted UaRl ta Cbe% Ged B £ esiadfolifle! B fiafBs of
[0120) ar'gﬂrgret ers: trans?‘d y , %dgnoy, and 20 27@fl\/lar ch 2007
dutatlon Te. A transfer frame is ati ordered one-dimensional collection of data bits of

" ‘gpecified length ongmatmg in Layer 2, grouped for processing through a logical channel. T

- order to Icference all transmissions to absolute time, each L1 frame is associated with an

. Absolute L1 Frame Number (ALEN). This umversal frame numbenng scheme assumes that
- the start of ALFN 0 occurred at 00:00:00 Universal Time Coord;natcd (UTC) on January 6,
11980. The start of every subsequent L1 frame occurs at an exact integer multiple of Tr after
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WD 2004/ 030224 PCTI US2003/ 030569 r obust ness. -Channel
code rate, interleaver depth, diversity delay, and
spectral mapping are the determ nants of the
characterization paraneters. [0128] Transfer def7 flageh 2007
the throughput of a |ogical channel. The
WOWIEBR26r i ented operations of Layer 1 (suRGH/EE003/030569

interleaving) require that it process data in discrete

that instanbingies. Tl comest AREN bar bat hbinary (mnmbm:csmmed bnsibtragiinga

e t hroughput f r ns_of rans
the 6§ 0t fsne (0. B, 1o ' J9E iy g e, o B efine
atlowanoé férhhe GPSOGIocHf edprakiag e d1ffé&’ﬁﬁﬁ in38¢onds; GAR thiultipl¥ihg the
Layer 1 framg? effectivel def| nes the ali gnmant of

result bmheé}:aese rafepRe n@a@ﬁ’step%ﬁh CYGTH HR24) weekhi Eln%ﬁegon epoch
nber F.,:.2, where
began ot AR bAGpRA AR A IRLEE 11 30, DS e is T C

[0121] as She AT whichois phesaRiol Isayedi vidGhe SGQH dt hiad rateSR:S;Balsel:Etdﬁ

transfer fra wthin Li_frane,n. Thus, the_ BC
schedulf i, deiian Ob LE-oriif RSCASTRROE oF i MOF POaREpeR Pl e

transmiéd i .t he LI frame. The transfer frame nunber is not
broadcast as part of the transmtted HD Radi o signal.
[0122] [ 0 Eaeli LmawnmyéfemonﬂdeaW® 1a¢1edecayxtdmﬂeulocltsrctfulymtma§l“er

The Ll-tj%lgclf_ﬁggxilt @3@) 1g¢$<éates§% .PBsmo fe thEic ! rlza)tgigl B@ Lfewlltﬁﬂf

frame. =A# L1Tlockl BSunk af io0sigifidshie tgfaﬁrkﬁfﬁf L{ e, waile atBCtdIGIS
Li frame rate is ternmed the transfer frarre nodul us.

chigﬂaFéFheéi“ﬁ]rIah@P@?mfﬂP bddramadul us of 1, t he BC range is
[0123] 3 al "ﬁé( ﬁd)is %gssecf Q)rLagerti AR He&ocH E‘e %: ﬂ?s B ad;c%% o&?&

ge rs a singlein tween
refercncﬁlsgﬂﬂi‘neriandﬁhsﬁsed bjombmemerllamdrin Qynalndmhayaar lis

1000 SR P it L B RS iy o
The prichaty sldebiibi§ AlERcdHdaty 3y dSHe Hd@;Sb%ﬁ&{ﬂy sEAdEFin ]a§19htu@e The 8

transfer frame 182 divided 1nto pairs, and
primarytsidebuidescalé fastnes, 38ahdd ,wmdlscﬂl@fablomodcsmn{rﬁd Bpthe chmce of -

sevice SRR { B JRPRAT S0t L e S, DRSSt BBy

broadcabteiN¥dr Sappek6h (ty a8NGH 6O @édéﬁd:ﬂ% QidosiRds.! ITHesecdnai) @b -
t hroughput. Interleaver depth is also a factor,

amplitughe sealds dagtora pelectipn f(ASHR s arcelvad rfrﬁinlly2 vitofeuSEEH.  When

tansmitifls P TR Rp@hach H T ShATRE Wi b s 1y, men

 trensmitting éecyl Digitahwavigray chdngds ta ASPgias bk eﬁ'émhfehnﬂeﬁqbp&% 1dn
a transfer frame as |é1 traverses Layer |. The | atency

frame boynary Vi GpoRtAiSCORFINHLPr FIEUpign IR LAVERd SN Lrh of i ts
[0125] ' NYRE GRS systert confrol Bt Ly contains three bits designated reserved

and the secondary system control data sequence contains six bits designated reserved.

~ These bits are controlled by layers above L1 via the primary reserved control data interface
. ~and the secondaiy reserved control data interface: '

" 7 [0126] A Iogical channel is a signa path that conducts L1 SDUs through Layer 1 with 2
-speciﬁed grade of _se;rVice. The primary logical channels are P1; P2, P3, and PIDS. The

.. secondary logical channels are S1, S2, §3, $4, 'SS and SIDS. Logical channels are defined

-by their charactenzatlon parameters and couﬁgured by the service mode.

o [0127]  Xor a given service mode, the grade of service of a parucular logical channel may

be uniquely quantified using three charact¢nzahon parameters: transfer, latency, and
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WD 2004/ 030224 - PCT/ US2003/ 030569 depth and diversity "
delay. It does not include processing delays in Layer
1, nor does it include delays inmposed in upper
| ayers. [0134] The interleaver depth determ nes2{ fygrch 2007
anmount of delay inposed on a |ogical channel by an
WO 30p@BPR2¢aver . One enbodi nent of the syst enPEHpi2p430569
three interleaver depths: Li block, LI block pair,
robustegssl Charfnelarode rdbé, \neterkdater ddpthagtiversitadedsy, enpipastat mapping ame
l.ogi cal hannel 5. [0135] Hi gher |ayers assign
thedeﬁewgg?"%h?fitg‘ﬁc feoFeaPERelRtel s with the requisite
[0128] at ERG¥fer WBARNHRe SROYIHRAE BPOL IGRLES Sy % 11,1961@6}&&1%3
0136 obu e

are specified for the system stness is t
operatigns pf kdyent (such egyintealeavitgd menpiire ttiat i priessadala whdisonaé transfer

i |.r ts..such.as noi,se, interference, d,f.adi ng. .
frames, Hfe AL Sheabll 8t 0% ool hielisfi adied if femd of
transfek fiyme sike Gih bitk)Pant Mandfér fradcabiedmeHz, Ar IHRIMEHBET Sraldferframes

IH%i cates a very hif&lg_l evel of resistance to channel
per seqopdha Thisd ey 1 fgmingeliect by dafizesthe glignment ofdilcsEs a

029 Bk e B SO R oo L
where AP\ AERR Witn ?vglfg %ec@ﬁxgtg ;ﬁgﬁ@% a&gfngt%& aﬁxﬁln?lc#bg%g% BC

service node. mappl ng, ‘channe
range thattiespanweddryteatvasferifrphdwithind 1dianers | Thos (ke B range indicates

det ermm ne t he robustness a | ogjical channel. )
the postior-of e ?ﬁ%ﬁgﬁi e s dhe Pl e e tgystercfgans pygnbep is not
broadchist h@partvst tROVWREmItRN BID RRREGLIR! 1 nterference
protection, and frequency diversity of a |o0gical

[0130] ¢ h oA Ernsfazieames bre contlupigd fhmeugh depss 1rad buesif tigsstatey:

I ntroduci ng redundancy into the [|ogical channel.

+ [titlek freavee, dept-b-i nfl uences performance in nultipath
fadi ng, thereby Taffecting the robustness of the
| ogi cal channel. Finally, some logical channels in’

. @m;ﬁgﬁﬁkkﬁmggxigeinndes del ay transfer franes by a.

. fixed duratioh t® realize time diversity. This
di versity del ay aIsg af fects robustness, since it

« ML %ﬁ”}q epfects-of the nobile radio channel.
F%}g%?& or%ﬁt%@ﬁqthroughput of a | ogical channel at
the LI SAP can be célculated using these tables and

The ratidef fthd trandferofrdony fa & tHelLD WedieUtate( i tefindd 66 @ansfer frame
transfer frame rate (

__trapsfer f i bi t He
| m°d“1“[56 %Bf%%aﬁfgf%%ﬁ%é@ i 12@%@ &angg i Hwaydh: £l F@Watm)mfer

i i RLLEr | :

B % e e 4P alGlyd ¥ PHle TR b Bl g 1. Syl

transfer] betwernskayer 3umdd ayerhleis ilinsmtedt io FIGr dfiudheit@asfechuns et
. of.fsets. f. 1 channel center frequency. [0140] The

relatlonglgaﬁ %‘Sfﬂ"é{ﬁaﬁ%@@"’s re a conmon, absolute tine

[0131] r eTRGETCHlustifestal @hdividbd hRRS He 1503 RmsRf Faflé 122 &Gla¥a

) aligned as they enter the Li SAP. Each transfer franme
into blogk paizss ngracteansfer fiahe; 184 dividedsitorbléokare nunber F',..2 ,

- [0132] \g’g%&tﬁl lrﬁaptp{r]lg a%hFclﬂhnn%P g:o e :ralgg dlet%mt]igg tlligectrgnas.?egeoftzp ?ggical |

- channel, since spectral mapping limits cdpacity 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 logicat '
. channel. : ' - '

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

traverses Layer 1. The latency of a logical channel is defined as the sum of its interleaver _
21




- subcarristsy omfsbquncyt pattiticney as ilmteatéds ig BIGY, auad. bjn teshifigurds, the

. 101401  The logical channels share a common, absolute time reference, so that al transfer

27 March 2007 WD 2004/ 030224 PCT/ US2003/ 030569
desi gnates the position of the transfer frame within:

the indexed L1 frame. This nunbering schenme allo
all transfer frames to be referenced to an abs,ogd@mhzo07

transm ssion tine. [0141] FIG 18 through FIG 20 show
WO J0RH930324i ng and al i gnnent of all transfer F¢EHERE03/03056
received at the LI SAP for each service node. The
depth gnd, givarify ideleyss ftr doee nothiatlude peesding glelgs it heyes ¢y nérodoes it
; . cal channels carry information in transfer
1nclud??§ Sé{nggsc\glg'rvpﬁrgayﬁfration: LI frame (Tf), LI
[0134bl oTke fterleatck- depthOdetdrninth QRK afnbiil: of EREY M AKAL SPRBRal

h ég)\&eral Li frames, around an arbitrary LI" franme
channgj Oy qg dptsriegyer AOpaembodipens o€ the system gmplopothred antorieayéralepths:

L1 blde bBLk ndi PHRCL SE) l.i gned. .The Layer .1 .
CELRCBB0. plt PR B P Ulfr a6 s MR oS ¥ gica
channggncept ual interface between Layer 2 and Layer 1 that

I S 1 to both the AMand FM systens. It serves to
o135, | Hiar e pstas fafomgaon ©rlesiesl chtoels vidk the eaupwig igiemsy
“through k@9#e mblle #$R8Gor) Kix 1atciPikyard sﬁegg%hfﬁﬁﬁhé mentation,

but _rather provides a fornal Inition of the
[0136]s er RplustnessHathe abiliyobelogiehchaayed to ithaighdldhyetel Anpaiatints

ir .use, [0142]. Th Pis d i bed usi .
R L R N R R T TC—
Layer B o HM bk afterfay® €A Qbbusiey ottt ih@ieatéscwégrn Rlgh 3Ry &F reéi&ﬁﬂce

content) with a specific LI Logical annel or wt
to chagnel yrppaisments) whilgswrobewmsse af 11 inslidates adpweraplsthnoen fir tchareel-

inducell Qb€ AL G5K ] Lty ] | a servjce data uni

nes oS AN Sl S Ry bR 0

channe] befdieseleétimg  service mpdé.mi ti ve asserted by L1. L2
primtive carrying the

responds with a RESP (Response I
10137101 P9l eaping cheele o Bifarfgledber deth sy romson delay
determbRY® n ' L4 : '
dtermRYRE 1oAY Kploal TR SRl MR ot YR B8
semngMaﬁwog@r legdl aspaetial antefesamcapvleedon. and wemymfddﬂg ofa
gl 18300 B B S i B e
. logical sabeieh| diitBrleadeddpll iBRERes PBISBlansd) ﬁﬁﬁﬁi&palﬁ'ptiaﬂiﬁlﬂg, by

.inputs to the scranblers are the active [ogica
affecting e sehmigess of thenlogicel chapuel.a Finalin| sovedogitay chirmelsan chxain

: ' Livered in _di.scr.ete.transfer.
servieeris GHiGREnBPHTes ¥ 0a Hieh YEERN of nOUACHR® HreRe, Hhis
diversitfyr detaysalsf affects avbdsa@sshisinge fitomitRaeh 1ef cffddg Fahé Bobile radio

L *ogical channel s. These transfer frames are passed to
channe -
he channel encodi ng process for forward error

[0138] COTHRFhAHM- ! |
(0135 SIS RRAIOR- okl o 1ol Shunfll BHETY, 0P off Be e
using these tablpeanddhe folowiag formelannde. A schemati c di agr am of

ATl A b BT g o
011 el o g [Pl o Brov

' addi ng the associated input bit.with the :
»annotatecp gequgncms represent otisets from the channel center frequency. '

 frames are precisely aligned as they enter the L1 SAP. Each transfer frame is assigned a

. unique transfer frame number Fr ., where n is the ALFN, and m1:m? is the BC range that
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correspondlng bit of the scranbllng sequence. 23 --.-

27 March 2007 WD 20041030224 PCT/ US2003/ 030569 [ 0146]

The first bit of a scranmbled transfer frane is

generated by nodul o-2 adding the first bit of g#dfarch2007

input transfer frane with the scranbling bit generated
WORNEM®RHe shift register is set to the i nPETEP0&{03§56

The process then continues until the last bit of the
dﬁlgﬂﬁmdhe pasHios foé the tfana‘ﬁd’ramb withia izl 1ﬁdﬂaxec[ D1 4céine OT8R MAINbering

e erfor eb ncreasi ng the
schenfé 0% Attt PR S 65 IR bt o Giises o SR

[0141'] ”pfﬂ{G”!?S‘ﬁougﬂ‘%Q hm\@hobvnthg Itighngzgld 3 ?}'ﬁh&ﬁ%%l transfer frames
encodi n Lgn&lgwocess is characterized by two nmain

receivsg @t the for pacheiviey na@e. (Tho diagiame n]i;istryte tiche| dapexﬂmg on

the Se%gé}g?a%}?alcl g(rﬂ%@ ) and Conﬁ%i’]lléjl}l 0 encougl g}g@g Gigtign:
L1 frantea(@9f T bxﬁa@msag) oxSEIf IﬁlBEEld fg) tEaE1S dia Sl sh & bR 99 FrdiRS,
| e

ct| e | ogi cal annel s. out puts of "t he channel
aroun ToREy %@%%%Ouaﬁ%v at AN pe At pach Frb Srape bewnslatye thethiansfer
ﬁamﬁ%&oﬁgcgs:e g r an { é r?egtgucgr%ééel(s %Aﬁgfs?:@) ﬁqg %Q\Ql%et%nzed

~ concepimaldniedaoeibagvetu ha'_ster E rand Lﬁ)}ﬂaﬂ@]that is dohﬁ:dﬁrts llbbﬁlLGhé QM haﬁdWEM

‘ f or, not ati onal cnelen t he | ogical chann
syt 0t SRS b 8 o R D gt o i ok ok dt doss no
1y faQPEcEREmT !
I O e e
YSF

ﬂOWbPW’e&ﬁ radLayer L phd theirnseo  two channel s and del ayed

loa2f> HEXABIE skl GRETMGR T Sk BiRRE Shsibeuly pies

of a patiedlmekge ofliifoanmioh €ebntrohdicr sk cohtedth Fit] 'aVsﬁécﬁﬁé ¥1 98kieu
fixed at NddTf, where N is the nunber of

Chmm@f%rﬁ@fhelrl ifsell kg useR epntant.jte be dediverad wnaltered & the receiveramtityeis

far Sialsris .
callodd e s AL SOISTAR 2 et T POSAL by Bb PRl ory
- primitiv assetidrbycliel. a2 smhdnwith a KEP (Rasponss) imrgftxl%e Iaﬁxgﬁhgsﬁbkdata o
o Sy LS A B ARy
Ormawﬁm%tﬁ:d ﬁ?%ﬁéﬁh&%a@m ni ng in the receiver. -

[0151] Convol utional "encodi ng i ncludes three primary
[0143lopelhg bignin: eanbﬂqaqal clagipel ag@mmalbled)tq rapdomgize thentpe-dodain

o BT ke ShRBRBL Bofie 1 le 5 ARER e en peAll

o scramlﬂét@,@;deforemlwg@laﬁma.t generator polynonmals to forma

grou of nother codes. A rate i convolutional encoder

. [0144],, 1 Bh i8pis torfhe sraemiless greghe active bxgicevémgmlmn ther 16 AP, 91
selectel] bZe éer\tft:e mghel Tl{ésesmpﬁtrs QR éieﬁlgergd o&ilgc rete grann'?' tlm)ﬂleg Cl'the

nsi on
-outputs of the scramblers are transfer frames of scrambled bits for each of the active logical

.~ channels. These transfer frames are passed to the channel encoding process for forward
- error correction. '
- [0145] Al parallel scramblers are identical, but operate at different rates, depending on

~ the active service mode. A schematic diagram of the scrambler is shown in FIG. 19. Fach
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.
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- 10150] en&?ﬂ‘m@l@gmno
o B WEEOTRES ) By PAEF LRI i oSS G

91,0 g11 A gL, NI G=g2,0 92,1 Ag2,Nr =MMMM
-9n"' 0 gn,1 A gn,N-1 24 27 March 2007 WD 2004/ 030224
PCT/ US2003/ 030569 where N is the length of S and =1,

2,K, n indexes the codeword bits for a given |%bMafCh2007

bit. In the FM system n = 3 or 4. Each colum of G

WO 20e46388€ént s t he encoded out put for a gi verPCI/HEEOIHE.
[0153] Sone service nodes require puncturing of a

[0146] otThe first bitexhea rscrambleg twoderdrame is ge@rmcybmgmm-z eddieg the

first b1ttoﬁltfl-&j&$‘1h?r%e aI | OWI ?gc&hltg ngg{iq%artte Hae %8@%5(@13&1‘

is set toTHE fititfal GrakeS 'H%Ei%éb@@ﬂke@&&{nnﬁ’es RIABE ik 18t BR ok 84 iffput dster
every P encod bits, certain bits gh,: are not

ﬁmel%ﬁcmﬂﬁﬁdtted A puncture matrix spanning the encoded

unct ure ] n which enc I {=S
r0147) 2, Spéf oo o i, BRr el DR bt BBl
the sigtll lin eRCREQEcDbE Shaaheldnmplinhieker Akrshown fid/RIG. 20)ahe channel
attern [0154] After the nother code bhits

uncture
encodmﬁrtz@ocs&pas(ysima@megi et gperatians:p Aims deday. 309- @@@Wﬁﬂy
delay a&f’cfa‘ﬁ%ﬁ Sﬁogﬂéhb'aﬂé %%aua&ﬁpan%ﬁ tenating the

nto a single vector Gas follows:
[0148] Cy ’;’Ih%rqmﬁ 29 chekhﬁmpl m&img préeas de UandferAraddes of sciambled bits B

carried %glugg fleAgg\t? gsi n%ls % Odu%gli bclgtﬂy;c g g%o Bg grocéss gre

| transfer USarrts Gt ehboded %1t§\|‘as7so&§te&\|w?th %laeh'\bf]thg AetWellodici Qj&ﬁﬂals Thge

last 6 bits of a given transfer frame are used
OUtPlIttranBMM@@rftmesedmﬁymrbmnﬁ@mt@ﬂ t he correspondl ng

o140 BN B U S5 Bl 58l 10 o

a pa:ncﬁlbmdgs of prohd&'ﬁﬂg hn@li’éprés@ntmh Bharthahdygbtatdn®y ks subktipeen
di fferent g}écal channel s. [0156] The channel .
servics inadsclegicd ghanclsdlasdeb 1 may by gplit into

time, diveisity R8the affectéd ]Dgchlagmnm]s ﬂh@phmi, EhvaaﬁEeaéthe\dwarsrty delay is -
ser ce no VP2, I\/P3 015 Pl.. P2
fixed atPgdd nyhase %gl I‘%@Pd‘é’lmbﬁﬁ Sgpiﬁﬁgleéé{“;&é W)ééé‘Fa\}P'& of a-

' transfer TRER. '\fn’z_’addltfaﬂ!ﬂydeﬁ}’cafe% T@ﬁﬂnﬁm&%ﬂeﬁws%bm%a R aR! cﬁve?sﬁlgs

active 1 n service node
delayed|sigyils 4 enshrgrthasitis @laafe@dtanneés ﬁPri aglérSl")@ee m@lmmo@ﬂ in

e i e SR 62l SIIAES RISl oo

diversity &ghtdhg RNBORESer.
[0151]  Convolutional encoding includes three primary operations: mother code

‘generation, puncturing,' and paraliel-to-serial conversion. Bach of these operations is

-described below.

[0152] A convolutional endoder employs select generator polynomials to form a group

| 1 . ‘ . .
~ of mother codes. A rate — convolutional encoder outputs n encoded bits g, , for every input

n

' bits, i=0,LK ,N—1inS, creating a codeword matrix G of dimension nXN :

810 | E:T A giyg
830 821 A oy
M M MM

g no g n,l A‘ g n,_N—l




are active in service node M52. Only SI, S2, 85,: and
SIDS | ogical channels are active in service node.
M53. Only S1, S2, S3, S5, and SIDS | ogi cal channel s

are active in service node M54. [0158] I nterl ed/iMgreh 2007

is conprised of six parallel interleaving processes
WO 2qo830224pN] PX, SM SX, SP, and SB, shownP{HUS3003/039569
An | P contains one or nore interleavers, and, in sone
where Vds @8 lengthtof angidelr =1,2Xp: imdees mee;néaword' hits fona givéneaputivg-
rocess (IP) is a series of 25 -------- --- 27 March
In the Emystem 26021 /40 Fpolp el pf Qsemsgm@ Srrooded AP Tt 2 given
erformed on one or nore coded transfer franes
vectors) to reorder their bits into one or nore
[0153]i Nt S6the Sateice MRided egBinpvpomeurngnéfen htiar eodtwerd fregrolure &

particul ar portion of the transmitted s
shghtlx bighey codgaratee hpredy a;l}ewgoeehta“ lf#O ig ﬁﬁ gg] e J2pR
physmﬁrb%n@&ﬁi{hvel" tc:oﬁ org 'niﬁﬁfk Gl Q?unctdr&i @&E’i"atﬂuﬁ&urefpéﬁod POFRr
service no ogi cal channel is active,

every ¥ Bcoldd Sits¢ Qéi'tahﬂﬂnts glgl Ereeht gthmeiitddr Arplutude gtrixi sparsiing the
: whet her a | ong or short interleaver is enpl oyed... The

encodadrbitd @vae mincturttisd fefines which leeandedbitsare radsenitied. Repeating

channel -encoded transfer fr I mar
the punche BXqygratgnsoded b %Qf&}&ﬁafgrgfsf%‘af%ﬁ?ﬁg ‘3{}? %“"m
Sec | ured, @'iﬁraﬁéﬂ&senal
[0154] Ol%gt?laf%tﬂé&ﬁggedgs C[fnlgtr}r@?gg%,@%?&ég??g from tgl I" acjive
conVerpm maltigexeh Kheay by comatehating dhe cauaEDM G 3utochsingle vector G as
Mappi ng, which maps a row of bits from each
fOHOWF ‘nterleaver matrix to its respect ive upper and | ower

- angs. AS nction that

té'd'é’g’"%lﬂv {gf"" 4‘1’ b|%"§ aegﬁ" ”ﬁlputg” ang outputs a
Anoth Eﬁdlénébﬁe&ﬁ?ﬁeﬂﬁén@@cﬁ'b%s The reordering of bits

efore transm ssion mtigates the inpact of burst

G=b1gr prs, £3USLL.0Y, 31,089 8,5 8PS gaR4 &, AL @5 S RNE €5 d 162]
The interleaver function uses a two-di nensional matrix

input

| {0155}t 0 Tholsi bits ofectien tohsferiannat veddo em@albﬁ the. delpyigleménts

o the gt o oS B TR b, P e
frame§ Haf Béﬁévﬁl& B&Sding! bIBFksWs tikpBrtidd qnllﬁmﬁﬂnﬁ@vafgnﬁaﬁrmween

interleaver partition can be ‘viewed as a smaller
deferenﬂdglpdwuamtﬂSJ nt erl eaver. [01631 FIG 22 shows an

i nt aver, matrix used
tonsef 1 Tt EERTEN Rl R o b 5 e M servioo modo s
1 specxﬁﬁdibélb&' Y Service ML B! only BEaﬂdBIBSIIW chamngls hoe abtéve. Only

divided into. J inter]eaver partitions.

P, P3; anddID8 deigel ghennals 410 FP'?W§ lraﬁewe?elaﬂdeh MP2BMES: @Hl\épa‘b er

bl o ternl
01570, ORGP 5L R RSP Boph0E i 0 s

Only 13 PI’.,I dnd PIDS Moghcap haenels m’e ecti\aan ewrvnamode(l\/ﬂﬂﬁe Quity PRI PE
iven interl eaver wt

and PISIgpea sOumei i JERVEDSETVICG I m ONYS4: $1dnd W osigH

channd19 b8 2bERVA seRRE ikt R51L SOy SP9$ % &, S5, and SIDS logical chanuels

aré active in service mode MS2. Only S1, S2, S5, and SIDS logical channels are active in

- service mode MS3. Only 1, S2, 83, 85, and SIDS ldgical channels are active in service.

modc MS4.

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

some cases, a transfer frame multiplexer. The interleaving_proc_ess (IP) is a series of
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subdi vi sion of the overall interleaver matrix. Each
interleaver partition contains C colums (C= 24 or
36) and 32B rows where B is the nunber of inter|eaver

bl ocks. [0164] The input to each interleaver |527aMafCh2007

vector of channel encoded bits |ndexed fromi =

32)x (J - c) matrix of bits destined for OFDM
marup@@t@@apmfoaned\wemg mo(erpee] trappier frapesi (Meptass) tercoricetheis bidy
into ong f ?texlaga&% x:ggncées M tolgeecfa'ng%lﬁgllfeﬁ?;e\égnedqg} %f?]arxuéufr% B%ru%% ﬁjt:
thetralﬁfnn&,ddp@uﬁﬁ;l br oadcast ing systemthat 26 27 March

07 WD 2004/ 030224 PCTI US2003/ 030569 can i ncl ude
[0159]t h| e stvisstneste detepraings whigh gt apd FRscargfotive alcanly g fige.
[
In addlhﬁlg‘rf]%@p&; léfrg%é é}%déﬁ]\?ﬁsé??ﬁns g?}tl&gil o'c%hn «?%a;ngetﬂéih%u\!@ kle@H3S control
bit obteinerd/ ﬁbmt LD deterniinésewhatizer er lonf atr s}ermtdEavem rie employdie The

ver function |n t st.e
aniverse i B A egiyoneiagh g SheopelEaraged EHURS PEF bl the primary
logicallcRAREk PR ViBbudhP3SAA PIIS, tafd h@lswn&?mg&a&hh&mts 1fih@egH &
vari ous paraneters of the convol utional interleaver
andSDéﬁ}uatl ons. Table 3. Interleaver Paraneters

nt.er l.eaver Paraneter. | nt .eaver
(02601, "Rl b Bt Y Frob Ny EAek SE YT B R hileredh o DEDRE
SubcarT8tMapping, Bhicll Rephal ehess ot fion &bll aerRaved knatleSo fXe kespective
interleaver partition. C The nunber of colums per
upper gug desyer giehapdss| ock. M Factor used in interl eaver
[0161]parAﬁ Iﬂté?fé N z?ﬂx'ﬁ@tﬂln aleaik aLEQ8: obe 12! it{i BB, and ontputs a
nnen VEC used to control ere |ve Y
matrix ot nberdemg bit. Tint eoddedngosf hita befotel tomsmission hitigates eelimpsat of

mat ri x B.Nu of, b s per transfer frame The
bmfﬁﬁ%ﬁﬁﬁ”é%ﬁ%‘rngpgwﬂﬁmt H¥5Ver input sequence. May N

[0162]S pafhenfﬁieﬂbdirleﬁﬁﬁlf:@cﬁﬁﬁééﬁ al 8B SensloBNOAI Y Vih Ii‘ec@der a vector of ™

: convol utional interleaver, each wite to ;
channe]-prceddddaise thmﬂeavmﬁo%@dwidulal medtdtws ar gre@m; df epppded -

t.he..i nt er| eaver. neth bi s
bt toyf giilef i YRR M eueyprchBfont By ChE AR ol AF
1nteﬂea51b12ﬁmtﬁﬁ caflgt ¥ibwabds a@ﬁfaﬂéﬁnde@eﬂ&l&ﬁdﬂﬁrléa@eﬂan age this

Thus, the term nol ogy associated with the

[0163] c orﬁl@r 23 shows jan jinerdaeyes aatnx pepd by thegP YL dhs This fnferigayepmattix
e APIERIGE e BB gy O A0
 interledvat partitizav.e Eaaqum:mvermiﬁommmmmm Beintetedver Bloeks. An

interleaver block spans 32 rows and C columns. Thus the dimensions for each interleaver

partition in a given interleaver matsix are:(B-32)xC . For a given interleaver within an IP,
the interleaver matrix size can vary with service mode. An interleaver partition is a logical
subdivision of the overall interleaver matsix. Each interleaver partition contains C columns

(C=24 or 36} and 32B rows where B is the number of mterleaver blocks.

{0164]  The input to each interleaver is a vector of channel encoded b1ts indexed from i=

- 0,1,...,N-1. The output of each interleaver is a (8- 32)>< (7 - C) matrix of bits destined for |

OFDM Subcarrier Mappmg
- [0165] The mapping of each encoded b1t to a location in the interleaver matrix is
calculated using a set of equations. In one embodiment of a digital broadcasting system that

26



read sequentially across rows. It may take mJItipIe'

transfer frames to fill this matrix. It is full after
N bits have been processed. Qutput interleaver ri
- A matri x of dinmension NV - 321 x (J C cont alzﬁ% %2007

11 interleaved bits read fromthe internal
WO%OPﬂ"Eﬂzéaver matrix. The nunber of bits i nP¢HPE20HEEFT «
is equal to the size of the input transfer frame or

can inchue éhtétl@vennon, Bhers agy Eoufitynes ©f interdeayers dhaigare psed to process
ross rows starting at row 0, colum O.

Slgnalsﬁ@?%§ﬁa é:nurrber of transfer frames per

[0166] i ntIatsI ﬁwﬁbn rI'BltafeB Xo acpmamutwnbl infedlbSR} thed rprévides \ame of the

vol utional _interl ea)r/",g {Ae st eps needed to pr.oces
mteﬂeaé%f ClRRAdhe DABSYYFMa f e iiIca L sulafieR sgh for e cRuKoIy

b é luti al
O EMBORURONE LSRR oo
interlea@r elypations. b,

and N using Tabl es 4 and 5 set forth
bel ow. 2

ot o Pk g i

vect or,

FERGE h

IREH&dver J
Balfndidpt €

3. For eachl Oto N1, Wite a bi
[nal i nt erh@AuREr Pitdidies Diginfi@na cal cul af

int

n assi gnment counter
of this vector
I

to
fed bit

VeI pattitons néiR’e tﬁ%"
h(:

| aUURESS™DFRE, bF e eH
[Satgutat Tne%mbegm ré D &Eteﬂeawﬁwﬁoq@pgu

U.'IIKJ.,

agh
The;ngher 0f ¢9 1l wr Ll =

rtiop as

| Eactorapsed in mfgleams R

row and
r eagRow

cBartiden @fsignimeni Meabernusied tp rﬁoaﬁfoleﬁl@enelaﬁ’m
ordéfli{g of AR @Yer patitid@oin trnmterlgavisODatfixe

t heBbi t

| Haskbérad it et tlamdfaifiaale i nterl eaver matr

the .fol
intgrlea

DNé REMBRVHEINE peOlnkifRa®t ilple sejteRie! bl\)/[ayN

V §fan MRAPIE iransi®k th@EOW = | NT( (i

urm = (T MOD by MOD™C™ INCTenent s [part

™ C)

W teCot tion;
- ]. 10169] The interl eaver equations are set forth
01671 belWit a'Eb&volmﬁcaa] intevlesvenfeatihiwsite ioviba intedeavaranatiie nustbe

foliowe?lrtgnégea % £ éﬂt@ﬁ%\é ﬁat}ut OSllncr:g %{el totaY enIJIFl)'l%gl‘ }){ gilgs {)emg

interleaved is greater than the transfer frame size, an additional matrix is needed to manage

 this flow. Thus, the terminology associated with the_ convolutional interleaver is as follows:

o Intemnal interleaver matrix — The interleaver matrix of dimension (B-32)x(7-C) 10
which bits are’ written using the interleaver equation set, and froni which bits are
read sequentially across rows. It may take multiple transfer frames to fill this matrix.

It is full after N bits have been processed.

Output interieaver matnx A matrix of dimension Dy .32 |x(7 - C) contalmng b

interleaved Bits read from the internal inferleaver matrix. The number of bits in this
matrix is Vequal to the size of the inpilt transfer frame or parameter b. Bits are written
to this matrix sequentially across rows starting at row 0, column 0. the that the
_ -number of transfer frames per interleavér matrix cquais N/b.

[0168]

b1t of an input sequence of length N are as follows:

For a given convolutional interleaver, the steps needed to process each encoded
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~ using:

the invention, first definne a supporting paraneter
whi ch represents the nunber of bits in an interleaver
bl ock: Bk-bits =32C [01701 Then -define a second
supporting parameter: Bk adj=32C-1 [0171] An fhifich 2007
into v _can be conputed to retrieve the interl eaver '
WO 80 on assignment  using: fi~(2 M par PEHESR0343369 R
M4 MOD J 28 27 March 2007 WD 2004/ 030224
- BCT/ USS90vaD e Bagrangsiers 1. B, 60 M vb. qnda¥ vsingiEables 4apd p2pt
A Vegﬁ’g‘[}b% partition assignnent counters, pt, can be
assi °h each counter havi ng a length equal to
the nuihare GF pRdtibn issipNdent TRMLABEOR i, ad 811 £R080 e 1ngth
partition, is. fi_then: Pt, = pt [partition,] The
par t i ¢fithis vederieghdleht counter for a given partition is
kRncr time an allocation is nmade to that
l|E3)"arti |%&qfﬁ§e%|r}\r1ﬂ1’ti al val ue of each of the partition
assi gnmens OptRtadistoitlse ig@tnal intdleayed InbB)x wngngcaduated bit
appl i cabl e paraneters, a Bl ock Assignnoent withi aﬁh
I nt er | eaver addigssy pasedy Py thegequehaish et BRrha BpPY; nEF %@t"

followi ng e i on: TS , )
b ok = ot C PpRkof fetch ot fpartition], and caloulate lgcky tew;, and

1 BRI tS I 3poh il 41w andtPMinbe bEngeal 1Whali th 8 Snternal
interleaver block is determ ned by using the

appl i cabl e paRed®irehsix. apply the foll owi ng equati on:
((11 Pt= MOD Bk bus row, = INT C, [0175]. The Colum
Assi gnment \Rieadhianbit frem; the dellavdng row| ad icolusandelt the ntgmgl
usi ng the a r&éa%&%an. arameters, apply the follow ng
equation: colum, = (pt, 11)MOD C [0176] The Primary
Mai n | nterl eaviragifowecady MOP)C) nter | eaves the bits
mapped to the ' _Npj ~debands depicted in FIG
rghdCHRint THHBD i

2 through FIG I's active in all primry
e Write the bit read from the internal interleaver matrix to the

following row and coluran of the output interleaver matrix: .
writeRow = INT({ MOD ) MOD C) - >
writeColumn = MOD b)MOD C "

s Increment pt [partition;].

[01691 ‘The interleaver equations are set forth below. The interleaver of this invention *

. ‘can be used by the PX 1P when P3IS = | 1o interleave f_:{c transfer frames. To implement
. the invention, first define a-supporting paraméter which represents the number of bits in an

interleaver block:

Bk _bits =32-C

{01701  Then define a second supporting parameter:

Bk _adi=32-C~-1
[0171]  An index into ¥ can be computed to retrieve the inter]eaver'parﬁﬁon assignment

e )
partIndex; = 7 /L MODY
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-service nodes (MP1 through MP7). The PM I P disperses
mul tiple logical channels into a single interleaver
matrix, PM [0177] The interleaving process nust
maintain a specific transfer frame alignment and’March2007
synchroni zation at its output. For a given | ogical

WO 240028, the BC range m:n2 indicates wHEWS2003(6556k s
arespanned by the designated transfer frame. The ALFN
nis the absolute LI frame nunber. [0178] FIG 23
sho%g‘tl"ﬂe—liip?[gﬂ‘gﬁ‘} service nodes MP2 through MP4 when
P31S=1. In these service nodes, the PX IP interl eaves

[0172] Paoy bm&stffgamﬁaﬁ hétt Qowlers, M, Qan Bk aislphed wWitlawash coler
27 March 2007 WO 2004/030224 PCT/ US2003/ 030569 natri, x

having aehgthuequalt to themmbeofpartitonh e Tl APpIAPTipta canies fQfe partition; 1s.
matrix) using the Interleaver of this invention. The -

then: servi ce node dependent interleaver paraneter val ues
are shown in Tables 4 and 5. Although the transfer
fmargt dparétidngd conmon, the size of the P3o transfer
franmes varies with service node. Consequently, the

- nber.of interleaver e A Woly" ;
he poftiPR icishipap it € Haldoh i odieals o an atlocation
is madd @it pa@ues. RaniafEivelie Vidaok of the partitien dskigesent Mraiters is set
: t hrough MP4, P31 S=1 Service Mde J BCMbIlo N M2
t00. 2 32 36 4 [0,1] 4608 NNA 73728 W 4 32 36 2 [0,1, 2, 3]
9216 N Aol Wiphnblecd? idnmen? s, the OhielIBARR
01731y i\@ S)@é@ﬁ%ﬁ?@’&] tﬁ%r’é’gﬁ%tﬁﬁ%( [gigsée of the internal
Partitidnri$ dstéravined by apglying the follb@im23muaticmnsf er frames, the

interleaver is described as processing e P30
trapsferifr t.a tyr Every-ti m#:a yy5p Written
R M
interleaver, a bit is read sequentiall fromthis
- [(0174] Mt TR REVALRishRblt Witk &R ih@tkeavet Blockis deldrmingd 2§ winghht
: is equal to the length of one M. transfer franme for
. applicablerpsirasnetars wpply the follew RGP ase. . Thus for every P30
transfer  frane processedlby the interl eaver, the PXI

out put 1Pk MODBIpiet e y filled. Describing the
pf° ced¥n this ganner nmalkes the subcarrier mapping
procedures described bel ow conpletely transparent to

the state of P3ES. After the. i | . . |
o175 o B B GRRen o BARE R SL s P
. . > i 1 A | . | . ..
| apphc%)zl)énﬁpa?ﬁn&é}éi a??l?ﬂiétfo}l éq;lbiﬁfdﬂa interl eaver matrix i's

letely | ed, and the processing flow resets.
[ Q480], 4 ( pRr AYidopat appl i cations, because the

interl'eaver is convol utional, the nunber of

- [0176]  The Primary Main Interleaving Process (IP) interleaves 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 inultiple logical channels into a
' single interleaver matrix, PM. - -
B [0177]  The interfleaving process must maintain a specific transfer frame alignment and
~ synchronization at its output. For a given logical channel, the BC range m1:m2 indicates
o 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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bits input to and output fromthe interleaver can be
any length less than or equal to N, the capacity of
the internal interleaver matrix. The concept of
internal interleaver matrix is described here %@plar‘:hzom
not ati onal conveni ence. Table 5. PX Interl eaver
WO BM/RE er Val ues- Servi ce Modes MP5 and MST/USRA#3/830§69
Service Mde J BCMy blo N M5 4 32 36 2 ]
matrix {16} dait3ther 24 BX N(the outpatsaterloapat matdy) wingzhg fyterlogvenpf this

g el S BB IR B

and 5. URRSugh M sfeSRaine RN tomhof R 8565 binfhe P35 erhdfesiraraesd
. differentially encodes a sequence of bits _sgst eﬁ <
varies igh sereice e, Sergewrady, the aumbra of ﬂl?i?ﬂea'éeécfﬁ“{“@ NERUED 9.4
o) a%ri{%lgr'vaﬂgpere are up to 61 reference subcarriers,
7 nbered 0 > 60, distributed t hr oughout the OFDM
spect ruble 4] X NurdesveoPararnétar Gihes-Seubicdviodasr s
broadcast in a guvyerhwaphoiRs,Pelfepends on the service
node. However, System Control Processing _always -
obkpuics |alil |61 $ystem control| datajsequences,
33&@9' €59 ;_BOfCS i ce mpde. [10182] |The bitgyinfeach
i e—32 rfatT1+x e

interlea%
nu

N H
PJ1 1T Ul C -

r
MR, el S conuenad R0E ol ar [ 1328
>
a

MBSr erti|32 136 EhdBuba3] n acddPébind VA | WVHEPE | 24,

s e leiue 1o [[0)E3, 081576 [RSuBR tNEAS poSioaR der .

nceptual 1y, this process can bé viewed EEC as 61 -
parallel differential encoders. For an individual

[0179] di fAlefoagi thakizeofhe mtemdl ixeriates nofrisds 16 Py rensie|fames,jtie

) of r are processed sequentially, from.i = DRI 3 R
interloavpis 4Rt 8 PHRGPBINECRRE 3o SRS i2meist 6 i%{ftm{‘%a itis

itten b | | Ghderi itAmteTiBhver, 2Rt s id selySentially
wntten%%é%ﬁe%@g{ag%%%% th }.?{r!}%eap‘))?evi glfjesl ¥ st or eo?_ outspdgt n_bi ty .
from 8] inattik Whd puphtcrequentidly ta BBt Wasizaol BKL is @upljtpitie lengipof =

: resul ting output. pit stream.wil] rever I _
one P3p Sty fBthe ot Fonisiac i §R Bafiool cond B toPRefy dAuEEE
frame tbdch @0 B9 thehicBBARA e PX1 ButphtQdd isColMeBlofied i Bascribing -
Mappi ng assigns interleaver partitions o freg&gg&w .

‘the prosegst int thisnmanneFarakesa e spbeartier TAPRIRY prRogRAUTGFREcS
L | hgn ‘ ot i EARIMERHNP3
compleltsetl:f %%Sggrgl@rtwggff Ela% %ﬁﬁtl%’ its ?]%:%%@? %U\? e ?sr equgrlmy =0
 transfePiithéd dn@Ni6 PX1 hetrkeshhexbeon fijled andeadtput, the iemblninterleaver
~°_addition, _systemcontral ‘aat a sequence bits froma row
matrx WORP&F?J-)’ ﬁl‘ﬁﬁﬁ‘p@'ﬂl W%PIPFF@S%% OV EPseti-of erence subcarrier
' "'[0180}! 0GR L QSat laBpibatioh8 SocaflsY gﬁ%mﬁﬁé&%ﬂk edrbRS oD thé number of
i nterleaver trices and which elements of R are

-~ bits input td arel ovfuGirofitths hoerdeavdrean bpatydengsiy _tepsuth,an gﬁgquﬂ to N, the
rcapacitg-%%%qgtgltnal ifnyer getwlexg Ql%tl‘i(})(f T%%Mlc%lpjtbo agzriﬁtgrrnal'\ﬁféﬁéﬂgr matrix is
described here for notational convenience.

Table 5. PX Interleaver Paraméter Values-Service Modes
MP5 and MP7, P31S=1

1 Service - , 1 o
Mode |JIB} C M| ¥ b Ip N
MP5 {4 [32]36 |2 |[0,1,2,3] | 9216 |N/A | 147456
IMP7 |4 132]36 12 |[0,1,2,3] {9216 | N/A { 147456
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[0184] The inputs to OFDM Subcarrier Mapping are a row
of bits fromeach active interleaves matrix and a row
of bits fromR, the matrix of systemcontrol da
sequences. [0185] The out put from OFDM Subcarré'gMamhzom
Mappi ng for each OFDM synbol is a single conplex
WO 8¢939224 X of | ength 1093. The vector is PAHEXEWR/BIEM
k =0,1,2,.:.,1092. The elenent of X corresponds to
[01814 ubdémder € diketmdG)f.the npiex layeds 0Syétedn Comtrdl (R0ced iRl astdR2es
bcarrier Nunmber -546,-545 -544 544 545 546 Active
and F1ZlRle Sopds' s SARRC B bt GeHEl 49BN (BiEcaarORP et fo
~each RAGEhcaGlibARTek NHRELRY 8 18781 LbfkreRleCsubfiiidid, Hefedld1. 60,
_ .same instance of X. [0186] The Signal Constellation
distribpigd shsoughayhithe QFDM prerirenoThdiunsber ebmfefanoersuibasreers broadgast

. itions and,individual bits fead from R to | ex
in a g1 ey BT B4, I 8 Bt i RfoRVery S3iRom s Jitrsiing
alway\GutAQe 4l 6BORRA JIaH6IdSRQOHEAR0 368 dIsse6f icPRceRRdd. €S t he

ppropriate anplitude gain factor to these conplex
[o182] 5| J&s bitsip cge polupn of dhe P2 ek BRiX dssynbladeby the | Systgm

" ContrSl I : i . .
o 00 Se QN Ass Pl B BN oRbodl P o RS silleic, ot
and aelogtpghtosthematinR muh@ssmeverddro Codteptulllye BRNpocas cah be viewed

ding t d b [ K t to the
as 61 SgipliFeditiotntil cpcodemo For a iyl ditfamifabgtcodes. the bits of a
singleicBfugiinl j8Ft @Fc FFBdckded sechiefthilly AtorR L9 1 S310T ORESSRA &K?(ﬁ)ﬁata

Ts. Rows are processed sequentially, starting w
sequencg ditrip input toondiffersniiad encodpreat agtivhe. r Bhis inpht bit is modnleo-2 added

: ' v, f, o the pext |nstan ..th
with (R bleioud SonctC i oRET  so S0 B Thap R i, Rl e
resultifig b&tput bitvstrdafi BB revedde woldity e4thrday b imput b €4 1€ aWB nitial

bits are processed by interleaver - partition.

trix
Swteoggchﬁi_?ﬁfe“é‘aﬂ%@%m@ol ums within an interleaver o
. ar . . \ . e .
S BN SR aRicE RABA: piehl e P RS Pepey papions.
 For eagiybutiverinterleaved miiin, QFDIM SupommieyMppping bdsipns a Tow of bits from

sappi n roceeds sequentialty. The first tw col ums
each GGG brythioRlo IR sPRCDFY BedRsReSiagrt

=t

_ _ : oftj 1) e OB DIRE RN Yestor . |
X. In haBtisH, 8¥stdo Sont &R delyfncdHitRsm Q5od of Reclgé"ﬁg]még 9 the active

partition, and the last two colums of an I eaver
referengg suboaitisn logridongdm Xe dTheoservies ot dicjates which rintedeaverumitsces |

o b u ditign. 189]... To p_each adj acent

- and ol e KMl R 47 PO BBl o B BSSREn
functigis bE@FDMeSubchisiediTbgpingM t hi n the vector X, the
: foll owing steps are taken: .1. Read a pair of bits from
[0184), 4 The b5 g URRRM, FobRATHet PN e charnsy ofybitg fromamach Resive

. ._mtcrlcé‘veghl‘!nﬁf: 58 b W oPHs Frond ﬂ,ﬁh@h%&i&%??ys&ﬁ?&&h&iﬂah}os\éﬁ lences.
I ndexed columm 1's nmappe as an I't, an SIHTE
[0185]r eaThd owpattftom OFDRESubcartiexdpiny 1ofBach OFDVIRGMbESs a sitkle

.complex vector, X, of length 1093. The vector is indexed from % =0,1,2,....1092. The k™

" element of X corresponds to subcarrier (k-546). |

Indexinto X | 0 | 1 | 2 1090 | 1091 {1092

Subcarcier 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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bit. 2. Map the bit pair fr'omStep 1 tb a conpl ex
constellation value. The I bit nmps to the real

conmponent and the Q bit maps to the imagi nary
conponent of the constellation value. 3. Scal &t ]March 2007

onponents of the conplex constell atj I
WO@?@% gep 2 using an appropriate anpl itu%P@%§%é°%8569
fu factor. The anplitude scale factor is chosen based on
netin, ppalies therapprpsite ampiide 2tip factordo sheso potaplyx siluksh AFid Lain
factor i) BeterVidhddhyOihe Ared % h onstellation
val ue fromyCS}Peép 3 tolg?%/g&ae%p?%%@lﬁgﬁgsgtﬁ%ﬁ apper maps the
scaled] papdix Reftellaivoevaligh o thel appropatie i elenintsSoff B3 GuRIE vEEW X.

ime and a row of Ris processed every 1S. Each
Elemefls X ol Sorbading (aBlite spairepstote g ommie visdenddd
0187fro : .pits of.this vector ar ed
(01871 Foecef acite ineiafi ol a3y Bhpie e Brpecirdved oo Bobe e
procesgl sequentialty s@AMZ withh@ORALRABREE 6). PEHeRDE AR #3056 Teaver
matd [glgliﬂeSn nce the output vector X contains conplex
XAV e¥en ireresssth) BRiNsY Bkpee af that iNedeaveromprp is presassed,
 startinftwitl Yl BwENt of X 1. Read a bit value froma row
vector of R 2. Map the bit to a conplex, binary phase
[0188]shi Fer k egjvengropBpiSK) imtedraat melrixc bits ard bobdseud Waknt@lcader
a1 SC e.l and component s .of the conpl ex o 7
parsiticd afts b el Ouuras STBTG 2h v SRR PR B Rt edieual
comples atuadibmied PhasaNghif: @ eﬁ%g@i@&r}bdﬁ ' ﬁcan—% N
_to the st a?e of ASF. §l2§ p the sfg{aélggggtiggste Fs;%@jﬁlg
frequeney nagittion. Iiyis Tagppingvecaeds sequsniéally. Gthe Xirftdwo tblemns (0r anelrit)
£ | Sl.gnal neratign recejves
? an %ﬁ%ftex, re‘&u“é"g?:“_\?‘- orcr?g:i[%h@ s?‘%a&“g HW%SW& uency
partitiou bichthei lest tivapplunms ofind intilgiveSpiriiter 8 Mipied ﬁxe%ndigg

L epresent.i the digital portion of the FM signal.
Summ%%ﬁ&@%?rﬁla?%ﬂWRy #Mam of OFDM Signal Generation is
' [0189]S h OV 1 e4df adfabent LOMR boail BBthis %}4% 902 cubearsier &
Gener atilggn ias?aa "conpl e%?al\-gg&;t[? g{:&ghtgp&}vgﬁ %%O%s“hc‘mer '

locatiop withiadbmvdciog Xt the followingesteps arestblednd at i on val ues for each ”
not at i onal

OF ier..ipn OF I .. .For . .
CF b AR ik el e ik oy or
descr a given o810ME paid ifle BRtead TRnt 118 1GWR Shdek cdiumﬁ?stsﬂfﬂged !

it referred to the vector X as representing a sing
: as an I'bit, and the bit read from the higher indexed column is mapped as a Q

=

- bit.

2. Map the bi; pair from Step 1 to a complex constellation value. The I bit
maps to the real component and the Q bit maps to thé_imaginary' component |
of the coustellation value.

3. Scale the I and Q components of the complex constellation value 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

| ‘[0190] Referenca 'subcanier matrix R is read one row at a time énd a row of R is
- nproc_esscd every Ts. Each row of R is a vector of bits of length 61, indexed frdm 01to 60. |
Selected bits of this vector are mapped to reference subcarriers acéording to éervice mode.
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OFDM synbol . I'n the foll owi ng description, the

subscript is appended to X because of the

significance of n to OFDM Si gnal Cenerati on.

The output. of OFDM Signal Generation is a conp{l—zylamhzow

baseband, time-domain pulse yn(t), representin

WO 28044139234 portl on of the FM ED Radi o si gnalPG14y52 569

synbol- n. Let X .Mbe the scaled constellation points

[0191] f r GmcéﬂBMufpubmtor Kevon s pomglet galueshthe feljovhng stepsaey tekda
fj% L-1 ijndexes the OFDM subcarriers. Let

tomap?/ﬁ’("?? wrigelmeAPiS re- domai n out put of OFDM Si gnal

Cenerela 0Bickae kbR dlod veatoheR. Then yn(t) s written
in terns of .N as follows: r

ynet )Mm( the- bﬂl’TO p. comijlex, binary phge Wh’é‘r lée}ﬁn& (RpSK)-modulated
00, o<tt < co. L = 1093 is the total nunber of OFDM
subcaf Mg}agon\éz%: TS and Mare the OFDM synbol duration

and. Gidl¥ thaIDgaRT Qicempsiaei afghe caspectdnvellytion 3AIR Disip theh
2007 WD 2004/030224 PCT/tJS20Q3/ 0303%[2 0195 The

pul seperaRatn guplinge sale fagtor andy &gt s Sr agspraingr
if 0 ) if aT <_ e<Tco{2r]|fT<e
T(ltOthes : -%sfééé\z(;here where a is the cyclic prefix

Wi dt iantig staled constelistionewilyer toobd appiropriate dammt of X for the
subcarrier spacing. [0196] The Transm ssion Subsystem

f or nETECRISEVISS TOend FM wavef orm for  transm ssi on
(01923 t iy sidaet &a&%ra@ihﬁ @é&@ives &S, Beguch&Lldihian smmmsymbols

concat enati on and requency up-conver si on.
from OEDY! SutwagienMapping, and whippisriine-¢amay Brlses féﬁfe@%@%@é ligital

f
pocion;§Jo ) O Foroshl bt b FCHOMH ot ersion i
Shown@ummm Waveform [0197] The |nput to this mdule is a
co baseband, tinme-donain OFDM synbol t
[0193] | %@tlﬁ@t@@ﬁw&a@ SRETHEN 1 comEiet dfﬁcthXsﬁgﬂlﬁmL
.'represe | B9y on&él@%oh%aﬁlzﬁb chRRHDNsBagHr SDOFDNI symbol «

rce, optional subsidiary comuni cations
n. For alutahmal mtwemmce( tﬁ%)stpst gh@FEM Sutearder Mapping ﬂcangqdr@ove o

ST =0 NG TN RN S iy

- OFDM %&mﬁi’n 8 Folfowhnd \Gelsé-tah, thE Sbkcript i’sgfpﬁéﬁd@ﬁ td Hﬁbeé‘dube of the .

tal Transm ssi on
s1gmﬁcance of n to OFDM Signal Generation.

[6194] = The output.of OFDM Signal ! Generation is 2 complex, baseband, time-domain
pulse yx(t), representing the digital postion of the FM HD Radio signal for OFDM symbol n.
-Let Xu[k] be the scaled constellation points from OFDM Subcarrier Mapping for the "
symbol, where k = 0, 1, ..., L-1 indexes the OFDM _subcarri_ers. Let y,u(t) denote the time-
 domain output of OFDM Signal Generation for the n' symbol. Then ya(s) is written in
terms of X,[k] as follows: ' '

T 'M.'("“ :)
%)= h(t nT)ZX [k]- e e

k=0

wheren =0, 1, ..., 00,0 <t < oo, I = 1093 is the total number of OFDM subcarriers, and Ty
and Af are the OFDM symbol dumtion and OFDM subcarrier spacing, respectively.

33



Subsystem and FIG 28 for a functional block diagram
of the Hybrid and Extended Hybrid transm ssion
subsystens. [0199] Wen broadcasting the Hybrid or

Ext ended Hybrid waveform the anal og- nodul at ed?F¥aph 2007

signal is conbined with the digitally-nodul ated RF

WO 04$38324t 0 produce the VHF FM waveform sRETYUS200348/0569

. broadcasting service nodes MPl - MP4 the upper |ayers
[0195] eStBRbuBEsHApRE feRtibd WEN defaleds:onshi p bet ween t he
anal og and digital signals. In this case, service

node changes_to.any other Hybrid or Extended Hybrid
wavef o f= ot causg A <t erruptions or
di scontli nui t2aE iin the anal og signal. In service nodes

MP5 - 7, no precise;tipgyngeLel ationship is

re}qg%;& d. B%t_gget he agal og zﬁnd digital portifons of the

wavef ofm fr tered aqp S rrier frequency.

[ 0200] [FHi%ESpAvention ﬁfo@i‘(g%sfala%ﬁe hod for

interl eaving bi1s of a digjtal signal representative

of dat aland/or -audi o i F*§¥éf"§i t al audi o broadcasti ng
: system the nethod 34 27.March 2007 WD 2004/ 030224
where BT (H/SIAREBONER, EOTY + Shnis thbecciytreral of the WFIIN mgbarrier

plurality of bits of theMigital signal to a matrix;
spacing@nd reading the bits fromthe matrix, wherein at

| east one of the witing _ and reading steps. follqws &,
[0196] o rilhes deanswmission Subsyeem| fymals hthe baseRgnd E@&u@’m’? gfm for
transmfB6] ARSLAORCUBIConARANSEREAQR b8 WGHhbéXconBldliaS afd

y one nore patterns and/or fornulas, wherein the
frequerivg dipessessiar. elmnaltdition, whemntrangmittisg dheddybridsorsiétiengied dHybnrd

formylas is describ ahove. [0201]..The nunber of .hi
wavelqeps. g qqr@liﬂ%%&ﬁg‘?d%éﬁ g\ e ey o e & il &8
digitaIWa@é?érfn‘?r frame of the digital signal. The bits in the

matrix are arr"anged.i naplurality of partitions, and
 [0197leacThegfipit e tinmotlele i caaple, hasehens, Emetdopmain QYDME symbol,.

. | ock 2 ch_of the parntifi LG .
0, o5 G g R08h FRR0ufh lioR? P LA oA LD Pt
input fedhR B @lalogAdtrct Norlpl With ftichilaubsidinyaomphmivatitrs anthorifation
scranbl ed. [0203] The invention also encoppas

| S a
* (SCA)migeald vhen tpmsmtiiog sha Hypridiog Exgndsd ey aveioom. TR otfput of
mism{)cﬁﬁrigﬁg@?_ﬁlm G fogﬁta and/or audio in a digital audio
br I ng sys

oadcas em the method conprising the st eps
{0198]of : RefarceiFGZY for plfutcabaal plook diagtam off the Alli Rjgital [Traismission

- Subsy;tegzaggc}]tgf(g ﬁé rirg%qt 3: glgfff%\é\f I{I}’f!é(n‘ﬁaﬂt"?l}g ?P h\tﬁﬁ@&’gfiﬁn@%‘;&é%g tH yhrd

-uansmggiomﬁ,s Il P9 an d reading steps foll ows a _
non-squuem i al addressing scheme; .nappi.ng the bits to

- [0199]a pWhemibidagcastifg ¢lar Hybuid oF dixsdnded Habridlr wasfarm; g

thry 2RARE-
caf L .Ssignals. .. [0 The.bit . el 4
modu N 5 Sl 5o el PR ey pieg BRR R EHER Hpauce e
VHF 1 $Wabdbrin, ${t8 "W heh Brdaisashim detvice rhbdes NIPE - MR thb apped dayers
scranbl gd_ prior to the step of witing the: Itfn&fi
establigthpregisegtiming relatienshipt kstwesa thepgnalog and: digital signals. s 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 IV..[PSV ~ MP7, no
precise timing relationship is required. Both the analog and digital portions of the -
~ waveform are centered on the same carrier frequency. '
.'l " [0200]  This invention provides a ethod for interleaving bits of P digital sigoal
“representative of data émdlor audio in a digifal audio broadcasting system, the method
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[0205] In another aspect, the invention proVides‘an
apparatus for interleaving bits of a digital signa
representative of data and/or audio in a digital audio

broadcasting system The apparatus conprises: rganarch2007

for receiving a plurality of bits of a digital signal

WO 308448224t r ansni tted; means for writing t hePEiER0H3430569
matri x; and neans for reading the bits fromthe .

comprisiv thé step ofh evrizing a plurdlityad bitoefdhodigit eignd sns mrisix: W reaing

. and the neans for reading foll.ows non- ' )
the bits e g Sy BBt FBE prect A e R s Fhon
sequent/BH hddrRbiRX sGERS Y SNGRed@nfid) alidréssing behehi? @fehns Hilecating matrix

i nventi onh further enconpasses an_apparatus for '

addressty bydmaseri mgredpagiems | and/pi fosprias.i Wherpia pihe addtesses ¢ Bt in

. _data,angd/or .audi.o_i e udi o broadcasti ng
contiguys ordery §§t°f§%g\%mluﬁs %F%\C&%fh%@ appar at us conpri ses:
[0201] "EaMS nlifiber oF Btk Ui the matriR|ce b bqual wf thdnimben bf bitsdn gittapdfer

signal to be transmtted, neans faor W‘J])téh?)g tlgﬁ.blts
frame of thetdigitabisiggial. aThedyitg ifthe WAtz arparrapged ina BiERlipGyt afifiong) g

' TR ya erein at | east one of the
each ofﬁ%j)@hbﬁs dah Bl ngpgﬁg&t blodila!

or writl e neans for reading follows a
[0202] NOrEasle gf gRtpagitiondicndshidag moipeofthe hitnrepreseptatinnpips logical

the bits tao .plyraljty of carrier signals; and neans
ChannekW@?'&ﬁ@ﬁ#?%‘@l#ﬂ@%&%‘#&m&%ﬂal s. 35 27 March 2007
102031 V'O ARAH QR0 2tk ReddnidRd Q0 /a0 B@Q&Zﬁng Riigialinfemation
~“aspect, the invention provides a method for ‘
 representativet eff Hea\and/gr medieiiv addigital sudief braadgpgging A1Ystep.gihg method

_ .represent ati ve of dat / | @i Neadk O A0
compriFE 1 SRt i S erh Dol Y Bln Bt Bl et Bancitc
writing@fe bitétd 4 mBix Sreding thd bifs Yromfthe Bateik weltbrdin stdeastfone bithe writing

digital signal to a matrix; and readin h its, from

- and reaging sigps follaws apei-eavential afdsessing sehismst mAnp "rﬁ%ﬁﬁ‘ga il

e readi ; .pQn- sequenti al addressi.hg
Ofcmércﬁﬁwmm%@kgﬁg%g?%ﬂ further enconpasses a = =
[0204] metTtecthinfcal be ehanhélgodidgirbato thafkiep whwiiting the bits of the digital

. representative of data and/or, audio.in a diai :
 signal o mmeiete 1 i SHAD GRHGRHENT LR P of NEUbALe BHELE
_ e (e ineigi@ plurality of bits of a digital si-gnal;

ﬂledlgﬁ\jélisﬁg?ﬁlgslttﬁ}ée bi_}té‘s toa mtrix; reading the bits _f.._ror?
- [0205]t helnnmbihixaspedihethe inyention [peayides @neppArateor iterleavipmppits of 2

.. .witing and. 1S _for. readi ng. | - U
digial Hgpad sthomttve ot a0 A Bk il rcasing system, The
apparaflh (c8mbRses:PT AEHHS FoR Fecving® Lt Bmag@abf bithef dedipiz rsigaalv tonge
- and recei ving methods can be performed in

t the .
transmitied;gheaps fartvowingithe Pitsdy a matnxg And oeasclor (Fdng E‘Gr‘i"%frg’é‘} the
matriz SAEADASS RELAL R tah S8V ie AindXoliswOf noh-
mam"’d’fqﬁf‘i‘n;g%c‘“g@?%ﬁ%? reprf@é]t?lgtaﬁ%e of dat aeanIl or audio
sequenti4l add@isPigtsahenmyiall of Whickacha ds tiithin thy siuliiplextshiesyaqmap it KIS

conprising: means for receiving a plurality of bits of

_ a digital signal; neans for witing. the bits to a
| Mat g X i RGO SR | QleohBRell Neh t4pBarkiuk Sfot ' Biadehring  digital
‘ [omﬂnatﬁi,m%g?ei N at %%s one of#?he means for wit%lng
informetivd reprasentafios of dataliantjorf liocinsa digidraudioquresicasting system, as
- shown %dgere ?S lI'Eg apsiacarg%g?:émpﬂses:. 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 matnx, wherein at least one of the means for writing and the means

o for reading follows a non-sequential addressing scheme; means for mapping the bits to a

phurality of carrier signals; and means for transmitting the carrier signals.
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[0210] In another aspect, the invention provides an
apparatus of receiving digital information
representative of data and/or audio in a digital audio
broadcasting system the apparatus conprising. 2Addarsh 2007
for receiving a plurality of bits of a digital signal;
WO 84#38228or writing the bits of the di gi t RCTEGFHIO0305¢P a
matrix; means for reading the bits fromthe matrix,
[0207] Wheh @h(?h@tasﬂe&gﬁlb itﬂrf&ﬂilolﬁ fpravives aethed far rdem'ﬂfdvhlg é‘?ﬂﬂed 1.)1ts
means for reading_ follows a.ngn-sequenti addr essi ng
of o digghaas! sprrdenn Of A SR AP b AL e BT
oS . Thfing @GRy b SEGaY bipe! to
tho mefi3 bty e o, Wifing AR LOUEH bRONE AR i
a matrik0d HadBidhechits emphemanik, Wieven ol lenst dreof Heowmitias aud rHieg

in terns of its preferred enbodinent, it wll be
steps follqwe » aphtsquenial dESERMEY in the art that vari ous
02081 ™09l £9LAR: ROmMPAREE at:Bethéd6f Sicsioing el information
enbodi ment w thout departing fromthe scope of the
represehtatrendf data amdioetandip gn th digitalt arelic begaagsting gsysiomy Hie cpethod.

: 2007 Fl ~ .} 20 L

compighy ot o ispine Pty I of et Vet AHERLS

matrix Ofeadingih8 bk rofl 16 Alatrike Rhesiant iastwne of thedndaas fmyrising and
audio in a digital audio broadcasting system the..

means fert leeding: EMows @i neg-seqyential addresging frhiepen “H\g&}‘%ﬁaﬁ;}"%ﬁc’
bits 0 h@iakidlensl i3 iR \Gh bEPeddrhied in the

P‘f’d“%’éa‘u“ﬁ‘gt S%#'gl' glthtgggﬂerg%vt gh? E]e?%lr@;r%‘éin{éhrrﬁt rix, H'\%héer ein at

receiver St@sin i9FE3.0f the witing and reading steps follows a

non- sequenti al addressi ng schepe;. and t L3
(02093, o 'Toe eGP altR EReomDABes S oA o e s ol Pt

it oS add® ik A it Mdto bréwatdsiing dyser Ghadpptumatus
Slglmlt %S%%i{)f% a%%éain a t;%ﬁlsfer frrarremdgf t he_ di gi.t al

. comprisingn aeans3for e ving & ipbaliy ofchitsiofa Higitahsgnal; moppscfop wiiting fhe
... the internal trix a . [ gl f thy
bits to gt g uans 1ok gt g i O RLRE fald, SLALERlcad b the
meanstf&?ﬁvrﬁﬁ?%d TR i Ml SMows a ngl-suadnitinleddbsshigocieme. 5. . -5
‘ The method of claim3, wherein each of the

| . . partiti Qns.,
10210§ ncluduather asgecuficomvenian Jrrpadsscf} SBRATIS, P, decgiving el

. | ogi cal . 18 | BB bRoad M@ eCdyRednl B
inormg & Pies<HARE B gl 065 EBICCh Bl Dt dB8Ip0l e
apparaiBidingriaky: biean dasteodningla gluraity pfbitsrofet digtal signal; moans for

: representatjve of . - . . :
- writing thlg bits of the digital signal to a matrix; means for reading the bits from the matrix,

" wherein at least one of the mieans for wiiting and means for reading follows a non-sequential

addressing ‘schemé; and means for using the read bits to produce an output signal. The
-deinterleaving and recciving apparatus is shown as the receiver shown in FIG. 1.

[0211]  While the present invention ‘has been ‘described in terms of its prefered
embodiment, it will be underéfood by those skilled in the art that various modifications can be
made to thé discldsed embodiment without depéﬁ:ing from the scope of the invention as set

forth in the claims.
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data and/or audio in a di gi't al 'audi o broadcasti ng |
system the nethod conprising the steps of; receiving

a plurality of bits of a digital signal to be
transnitted: witing the bits to an internal -t Piagh 2007
reading the bits fromthe internal matrix, wherein at

| east -one of the witing and r eadi ng siens el
non-sequential addressin |t| i '-"‘: 2004
AR Betlpit et & 505 e pih g“f" gﬁ% to a pl urallty of
carrier signals; and transmtting the carrier

si gnal s. ®hatfihelametiod of claim 7, wherein the nunber
of bits i the I % 1l mgof
of bits i 2 a trgﬁg@wfwf’:@g‘}nﬁ%ﬂﬁ OFQ% g tgﬂﬁ %rﬁnau )
Thre andténr laglib jofa didital awdip broafrestmg systene &tslm@hqdwomp@smf’ the StGP

i pternal matrix are arranged in a plurality of
Bartitions. 10. The nethod of claim9, wherein each of
t he partiWnﬁﬂ@aplmimyioﬁa&ofmeﬂighﬂaighal}omimbﬂnehkmix 37 27
March 2007 | Pl JS 2004 Pr.

~Ca ~u 11™9Rg “?Fe%ﬁg%“%ﬁ%’f“ﬁwﬁ% gatrigy, ‘é’#‘%?‘ﬂ Pg é%%‘ e "o he

Raihd dnll @AGing Reds IR noEcqutptiafaddriiging bdhdme; and
represent atlve of .a |l ogical channel. 12. The met hod of

clai m 11, Wifies e hitytaan gipt maiXeach | ogi cal channel
are scranpl ed. Tﬂénctﬁ&!ﬁof@ﬁfnh@%lﬁfeﬂ&é‘hﬁﬁﬂar of bikstih @e output

conprising the step of. ch annel codlng the bits prior
\§

mgtrixfieeasal épfhonumirer of big inatenseriame pf hadistalgiensll  si gnal
to the inger na’k‘héﬁétﬁt%qd’%f it 1 I‘@%efmﬁm& Pthe Sdt@hd mbirix are

further conpr|5|ng the step o scranmbling the bits
pmngedmaptut@tmfeghmmwrl ting the bits of the digital

signal to,the ggrgﬁ b
interl eaV| ng an? tFOEHOf I gl thsn ger?gpopﬂp res ‘gﬁﬁt at |r\llsgG
apluedityofdlocksor audio in a digital audio broadcasting
system the apparat n \¥gle
Bl ural i By of t Bebgho SRRY S er B e bRl Gl
fefoRf 61thd Bi@ eépreseRANS of Llogivt cliatuefy t he bits to an

I nt er nal %‘,at“ﬁc method of claim 5, wherein the bits in each logical channel

are scrambled. _ .
' 7. A method of broadcasting digital information representative of
- data and/or andio in a digital andio broadcasting system, the method comprising the
steps of; '
receiving a plurality of bits of a digital signal to be tansmltted,
writing the bltS to an intemal matrix;
reading the bits from the internal matrix, lwherein at least one of the
writing and reading steps follows a non-sequential addressing scheme;
' writing the bits to an output matrix;
mapping the bitstoa p_iurality of carrier signals; and
transmitting the carrier signals. _
8. The method of claim 7, wherein the number of bits in the oufput
* matrix is equal to the pumber of bits in a transfer frame of the digital signal.
9. The method of claim 7, wherein the bits in the intemal matrix are
arranged in a plurality of partitions. | | ' . | '
10.  The methiod of claifn 9, wherein each Qf the partitions _comprises

2 plurality of blocks.
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means for reading the bits fromthe internal matrix,
wherein at | east one of the neans for witing and the
nmeans for reading follows a non-sequenti al addr %
schene; and neans for witing the bits to an ou:fpl}ﬁljtaI 2007

matri x. 16. The apparatus of claim 15,

nunber of bits in the ou%—_gut matrix i s%@fﬁé‘b%ﬁeSEP 2004
ilinter LH% i < 3 B fa k¥ arS 1 % Ehei ¥ t he digital

signal. 17. The apparatus of claim15, wherein the

bits in theli ntEiensdthodwi cladn 9, aa’l:efe&r dagtngettle patitons includes a

pl ur al.j.t artiti appar atus of claim
ﬁ?“P\Bﬁé'FgFW ﬁf?ﬂtaBYe‘{%H O%Cﬁﬁ?‘ conprises a
plurality pf blreksethol 3 cidinel laﬁfﬂétéiﬁtthé&n@fin &kRioFicdlTchannel
wherei n each of the partitions includes a group of
t#SCBPP¥ds epresent ati ve of a | ogi cal channel 20. The.

apparat us pf clajeiehdd MAGTET, rﬁlﬁlﬁ?cd?ﬁ o BB

| ogi cal channel aré scranbl éd a par atus of

br oadcast | Agnel gadiag the W@ﬂ?&toltbmsfﬂetﬁﬂéﬁ@ﬁtﬂmhﬂ@@fthedfgﬂﬂ |
% t@&guﬁgmmtﬁxl n a digital audio .broadcasting

tem the apparatus conprising. neans for receiving
a pI ural i t14 of Thietsthofl 0§cleﬁrrg'l agthes¢agrpaising dhetséep of:

o gi tal s PR e SRt ke O byt Rl B e g

E@ﬁﬂllt&hB/ir&%ﬁlgnatﬁﬂ0924 1014. IPEA/ US 20 SEP 2004

nmeans. f or ading the bits fr mthelnter tr|x
wher ei n at1r ofras %tflstﬁ?é H@é‘ﬁ% VIR, o1y 9 %“5‘ el
RERREtAOE of mmrfa@dld; ﬁmlgmnammsmademhgbysadﬂ B appanus
schepe; neans for witing the bits to an output
(FREPI*PS neans for mapping the bits to a plurality of
carrier sig@galfor re@aohngrsrsﬁﬁﬁtyfo%ztstafa hilstnflGo bé@ansmitted;
carrier signals. aratus of clai'm 21,

wher ei n t%@ﬁ%éﬁu&mbﬁnﬁoﬂﬁn’{cﬁ@m%’f sput matrix is
equal to thenDRbeHing hettiit ﬁ-oﬂn%@ﬁﬁ:nﬁf mbiig, &ﬁ&éﬂﬁ%ﬁ&m one
frames. 23. The apparatus of claim 21, wherein t

iof the miegnstfaewiitngeand Abe meens fox reading followa ge@sqqheraal addrfssmg
g& %glah&y of partitions. 24. The apparatus of claim '
f wherei n each of the, partitions. conprises a
plurality mémbﬂoowh&agt%bztﬁ&mcmmamaﬁus of claim 21,

wher ein eal%h ofI‘htt: he apd%xstof ci onslsi W flar'léligetﬁe number of bits in the

| output matrix is equal to the number of bits in a transfer frame of the digital signal.

17.  The apparatus of claim 15, wherein the bits in the internal matrix
are arranged in a plurality of partitions.
18.  The apparatus of claim 17, wherein each of the partitions
compises a plurality of blocks. _
19.  The apparatus.of claim 17, wherein each of the partitions includes

“a group of the bits representative of a logical channel.

20.  The. apparatus of claim 19, wherein the hits in each logical

- channel are scrambleﬁ

2L An apparatus of broadcastmg dlgltal information representative -

of data andfor audio in a digital audlo broadcasung system, the apparatus comprising:

“means for recewmg a plurality o_f bits of a digital s_1gna1 fobe u'ansrmtted,
mieans for writing the bits of the digital signal to an intemal matrix;
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a group of the bits representative of a | ogical
channel . 26. The apparatus of claim25, wherein the
bits in each | ogical channel are scranbled. 27, The
apparatus of claim 21, further conprising: meand ]\Mg}"’hzom
channel coding the bits prior to the step of witing
the bits of the digital signal to tW@gISEP 2064

P ORI % O 287 3the Bpe MES B0 i m 25 ™ dr't ner
conprising: means for scranmbling the bits prior to the
step of mkdné fobf gpadidiparhdbifs Sromfthet iiernal ahiagyixt @herein gri@bt oh® t he
Internal matrix, 29. A_nethod_for deinterl.eavin

ob BeBrapblye B 4 08 MG el G < PPbTRCL RS of
sdl@h@ and/or audio in a digital audio broadcasting

- system the pethod conprising the steps of witing a
pl ur al i t%e28% PEWHPS s PHIR # qHPUTAE: | eaved bits of the
di gi tal -ﬁéﬁ:ﬂﬁfmap%:ﬁg&@bﬁﬂ&Eﬁl_ﬁiﬂl!ityﬂﬁhrﬁkr?%ignﬂﬁdnd eadi ng the
bits fromthe internal matrix, wherein at .| east one of
the wriBFRYOBFEmlagEHe e 4HElst ol | ows a
non-sequent i ghe AAYLESS Dim ST ERRein 8L nuhb® JTRiRGLOT
claim 29, wherein the nunber of bits in the output

ot popisix issqusbia e veoheref bittioesof 8 tppsfesTamesa transfer
frame ofq heTﬁ’é@ deidls o LiGRA1: wikdein e SBEDQAL in@inal 4G Vi NY
digital Tnformation representative of data -and/or

argigroiingediina plurelitgéfipattitiansidi o br oadcasting system the

nmet hod npr i t f Eaell RE ¢ PAikAl ity

- of convo Utigﬁéa f}'ta{aﬁtogr eavigd“gll&tg o¥ a él?egp%‘g*fo
copipgseak plural¥9 ofENDED SHEET 27 March 2007 P C "V-.:'US 0
3 .'"3 1-356 ¢ u--"a.0l "34 2ol itk
writing The gllwt%g%i“olmsgﬁd?lﬁ? é’%ﬁ%ﬁﬁiﬁ%ﬁ P ?@e %ﬂgngg? ng dtz%:/le

a fybipof the bite répie@entativesfn gicatwhanhel, wherein at | east one of .

the ne f witin nd ans for reading f.ol.| ows a
non- seq?&ﬁt i gée %ﬂ??ﬁt&%gf glﬁm%gie srem é\lﬁ&’ﬁfjéﬁl ﬁ%htlg%éafr)ead
chirieFard sorapibledluce an out put signal. 32. The nethod of
claim3 wherein the nunber . .of bits.in the output
matrix |l‘157 eq%ap?%aqsﬁg&ﬁ‘ﬂ?geﬁmg?cﬁ?wmﬁh a transfer
frame ofmdaheforihgideRlodifig BB Bits pridto (Htep PPRITIEIg the Hito bf

deinterleaving bits of a digital signal
the digital signpf Loithejalerytl 4UKa and/ or audio in a digital audio

broadcasigi NOTRYpHR4Ms of BifinBR PRFEY béinprising:
| means for scrambling the bits prior fo the step of writing the bits of the

digital signal to the internal matrix. . _
o 29. A method for deinterleaving received bits of a digital sigoal
. repreéentative of data and/or-audio in a digital audio broadcasting systcni, the method
comprising the steps of: : - L
~ writinga plurality of convolutionally interleaved bits of the digital signal
to an internal matrix; and A _ ' ‘
| feading the bits from the internal matrix, wherein at least one of the
| wiiting and r,ea'ﬂing steps follows a non-séqumtiai addressing scheme. |
 30. Themethod of claim 29, whercin the number of bits in the output
. maftit is equal fo the number of bits in a transfer frame of the digital signal.
| 31. - A method of receiving digital informﬁtion rei:r%entaﬁve of data
and/or audio in a digital Mo broadcasting system, the method comprising the steps of:
receiving a plurality of convolutionally interleaved bits of 2 digital signal;

O ' '
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conprising: nmeans for receiving-a plurality of bits of
‘a digital signal; means for witing the bits to an
internal matrix; and nmeans for reading the bits _from
the.internal matrix, wherein at |east one of tgMarch2007
means for witing and neans for reading follows a

A SEP 200

nén se'quenti al addressing schems 34. r-ris.'l
al m.. heﬁl @,l ts i sirg AN
X“-Fé“ﬁqhahﬁttﬂoﬂ'gﬁj fF EI ts in a transfer

frarre of the _digital n 35 An ‘apparat us for

recei vi ng df”étf"gg? qltﬁf"&f’%ﬁ ﬁ‘a?'épresent ative of data

and/ or audi@.didy Me $itd kbl th kiR BaRd6ASHInNG leeysmmf the
t he apparatus conprising: neans for receiyvi

pliseans for yriting widraeapy foa regflige fOAlpwgﬁgﬁrawqu%Qr@ ing scheme;
Wi ng the bits of the digital signal to an internal
matri x; neans for reading the bits fromthe internal
mat ri x, whessitheatadbiisioproegms an gtipetisignakeans for writing

and means fgr f%ﬁ%@&%&ﬁdaﬁ%l SRR RS RHB dbkts in the output

addr essi ng "“sch ns’for using the read bits
t ongboid equel ta the audperinf lxbgnaﬁamﬁﬁﬁarmtha Oizételsiongl. of

cl ai m 35, erei,n the nu t 0 f
matrix is edqual 2¥o a{"??éauﬁnﬁ% |gl It?#“ﬁ% ‘ghns gﬁeaoﬁgﬁemm
't rgesbitive badasandAR a$RHBEGRiHSHIHED broadoasting system, the apparatus

comprising:

means for receiving a plurality of bits of a digital signal;
_means for writing the bits to an internal matrix; and
means for reading the bits from the intemal matrix, wherein at least one
- of the means for writing and means for reading follows a non-sequential addressing
scheme. ' _
34, The apparatus of claim 33, wherein the number of bits in the
output matrix is equal to the number of bits ina transfer frame of the digital signal. ‘
35.  An apparatus for receiving dlgltal information representahve of
~ data and/or audio m a digital audio broadcasting system, the apparatus comprising;
means for receiving a plurality of bits of a digital signal;
means for writing the bits of the digital signal to an internal maixix-
means for reading the bits from the internal matrix, wherem at least one
.- of the means for writing and means for reading follows a non—sequennal addressing -
scheme; and
' * mieans for using the read bits to producc an output signal.
36. The apparatus of claim 35, wherein the number of- blts in the

outpﬁt matrix is equal to the number of bits in one of the transfer frames.
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