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

lies within the first frequency spectrum and is modulated in quadrature with the first carrier
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[0008]  One feature of digital transmission systems is the inherent ability to simultaneously

transmit both digitized audio and data. Digital audio information is often compressed for
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bits.

[0014]  The protocol data units can be processed in a plurality of logical channels and each
logical channel is scrambled and encoded separately, to form a maximal-length scrambling
sequence using linear feedback shift register with a primitive polynomial.

[0015]  The plurality of bits can be interleaved, assigned to partitions, and mapped to
frequency partitions.

[0016]  Transmitters that broadcast in accordance with the above method are also included.



[0015] The plurality of bits can be interleaved,
assigned to partitions, and nmapped to frequency
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pstel lation mapper. [0028] FIG 11 is a functional
'ock diagram of a DAB nodul ator. [0029] FIG 12 is a
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[0028]  FIG. 11 is a functional block diagram of a DAB modulator.
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[0029] FIG. 12 is a functional block diagram that illustrates the relationship between
protocol layers for both transmit and receive systems.

[0030] FIG. 13 is a schematic representation of various transport frames used in the DAB
system.

[0031] FIG. 14 is a schematic representation of a frame of data used in a DAB system.
[0032] FIG. 15 is another schematic representation of a frame of data used in a DAB

system,



[0031] FIG 14 is a schematic representation of a
frame of data used in a DAB system [0032] FIG 15 is
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iden@AGdtiof 3bivade &, %&ﬁaﬁ%r@gaﬁ%rﬁé@ﬂaﬁ&Fsﬁgﬁl@ﬂéﬁalsﬁrgg%s ervice data,
to various transport signhal processing as discu sed
and fauxilipiyr applitdionasedvicee gate st subgectsnthbseGsigalaso vhmimis trad8port signal
30.and 32. T resul ting signal.s ar ltipl exed by
procEirgrboinsed e Pelay B g Pric e sk B 0o 32 e
D SYsaRMr3 Gnulfipexd 8Y kabice! ' i issi
e LSRR e o LA RDERR 41 ) BhiS 18 hamisin
subsgstemad6. obhd digigaldsignad ondihal38tie ¢hadmehgodeidtds shiven dydllag 40 and the

di j A trated bl ock 44. The_ . .
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one ofgtipluralityd IBEGIDAB receivers 43.gnal bit rate and baseband
' and to increase _the robustness of

j-gn processin 19523 .
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chandel. ribtis elidwes & digh quatity dudeo @xnd plusgnaiabodats tgbedransmitted in band

0038], 1 BOC DAB signal s can pbe transmtted in a hybrid
segniegfisand at sy l?d'F’lﬁgV}ﬂ @chlaq)td@terfere with the existing analog signals.

[0038] IBOC DAB signals can be transmitted in a hybrid format including an analog

modulated carrier in combination with a plurality of digitally modulated carriers or in an all-
digital format wherein the analog modulated carrier is not used.
[0039]  Channel encoding is used to add redundancy to each of the logical channels to

improve the reliability of the transmitted information. The code rate defines the increase in



nodul ated carrier in conbination with a plurality of
digitally nodul ated carriers or in an all- digital
wo osoamse7oder ei n t he analog nodul at ed carri er iBCTUB2003/032917
enc ding is used to add
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[004Q]T/ USBRORHHOERP EAcodin. %fohﬁaﬁb QBed? WOSIRAIERANNBAcoding is a form of
resulting from channel encoding. The code rate is the
forvwagd egopeorgetipa chermecbenceiling thas msnets eoding bitsiiriben comtlrmws stream of

mfo%!itgd @o%it/g]o? LHI{ g?}r)ggcll(ét%@l l Utufegng}n'h 0G0 ng encoder a convolutional

encédef WeY BeRbi) tnd ¢ b@Hhi 198 f@d&%ﬂ BF oG thilgrebﬂﬁg m;’%er ts
coding bits into a continuous streamof “infornation

[0041) s Dweimymleia}ppmdldes atfixedstime dtlayean odaldfk@oachah@ik carrying the
enco der, convol uti onal encoder has nmeno and its
samg i H"flatf%n ' deliat nowsapenacy; Fhadme! AR S0 23 Fdingsand impulsive
nois[e.0041] Diversity delay provides a fixed tinme delay in
one of two channels carrying the sane information to

[00423f eaFIG1ahissh Athemaic yrepriasshtaion m@hymm $BOU Waveform 50. The
f adi ng and I mpu] si ve noi se. aé[50042 FIG 2 is a

wavstoraia¢lndes anpnalog maeduiated Bignal SRyenaied ipth @ater wh g baadeast channel

AL e A I p—

56 ihianatpppt sitiebaintl \58pEndy eoyid sk of reﬁvbﬂg(%ﬁé’deﬂ)bﬁhogonally frequency
freq uenci;%gl vision nultiplexed subcarriers 56 in
divigjgp gpul @nybeariersn@0 4n s dewer pldeb%ldl 3. oTh@\ﬂbgila}ly modulated

subcé%g rgrr ?térpg&g%%% Ia IXW]I; %’e‘? gelnéeh c}hﬁ% éﬁ)arf%m]é]lotgﬁlﬂa* gl mx to comply
withnieduired eHanngll bigaslr medks. arie Bighaly asddubite BsutRUB erd @edivided into

| evel than the anal og nodul ated carrier to conply
partiffops, apd qgyArions seheaines arp gieaignatad les. refirencgi gjibcatiers. A frequency

parti[ﬁ%g % Q?oqlg o‘fq@%}'}bﬁ ngarlEefS%:c\éh%}%ﬁg 2% 8?t8fs§$cté'zﬂiegso and onedreference

variou bcarriers
subcattiwgarriers. A frequency partition is a group of 19
OFDM subcarriers containing 18 data subcarriers and
[004He rBicehygbrid Wae/afwar mpbudes O C3log TR -inptulawdd veigred oplos digitally

es al ed si gn us digitally
modyffid EFRaS R B 3 8neard] i ceepf sp e frequency
locafiéifs. | PRAb@stadter QY@AbYs %%%%efédeﬂ&%n M6 thAHRb %éﬁ%m@eform of

subcarrier |locations are nunbered from-546 to
FIG| 2, th¢subgawésts are apflocaBbii +356 toheS46uindaBié er sS4ar elthg Waveform will

I tiong #356 to .+546 an -546. Thi s wavef or
norm§be’ §55 g o aniiaLhmUinAGP e PreEH4R PRSP Fofhe Al Digia
wavéidaae precedi ng conversion to the Al Digital

waveform [0044] The digital signal is transmtted in
[004d]i meiFhe digital sgmhé e taissnitiedin péhasi deinofiddbasds @mnaitieg side of the

nal, as _shown in FIG 2. Each primary main
anal%gwg’g)gg@a I, &8 ngprsﬁpllg ddGe L. tgaph primary r%am s1dgband 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 primary main sidebands, are additional
reference subcarriers. The amplitude of each subcarrier can be scaled by an amplitude scale
factor.

[0045] FIG. 3 is a schematic representation of an extended hybrid FM IBOC waveform 70.

The extended hybrid waveform is created by adding primary extended sidebands 72, 74 to the
6



frequency partitions, which are all ocated anong

subcarriers 356 through 545, or -356 through -545.
wemsasavers 546 and -546, al so included in theCpUsIoas/g32917

mai n si debands, are addjtional reference subcarriers.
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resent. | bri d vvavefor di n
ol SRS Bheohibek MBomEch GRS B S B Eh a2y e i S waveform
2l I '
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DlgltaiGWaYdﬁaﬂm he anal og FM si gnal pI us digitally
dul %d primary main subcarriers (subcarrlers +356
10047+ shechaprmaryseainsidebany inghles der fsauengy [pagitionmeyd an additional

I n
refeﬁg%eg%%%%g E@ﬂﬁ%%@ﬁﬁggoﬁmﬁr@ﬁ% 348 10, rra??6 ﬁ%&g@ §46 The upper
princhey éxtended sidebdnida lincludesabdanisra B3 PieaghiB58 C(SﬁB faiguency %artltlon) 318

con§§§S|on to the ALl Dgital waveform [0047] Eac

thropgh QWﬁaﬁrW%vQYelbaampns}aar@éesthxowh Bp2 dloun éryquency partitions). The

0 e r Il
QOB B0 SANAL DR wiERHERCTR) BGRB8 g ey
paﬂmﬁﬂﬁ -3 hearalpheBss Qt}vlorfbdqjdeleﬁytp%l’tdﬁiﬁsﬁ o€l emrtﬁﬁougﬁl C$5ﬂ@0ur frequency
subcarrlers 337 throu 355 (one freguency partition),

partitions). {he é@@htuésef fachsa a@@u@mﬁ ssaled by pwaaplituge scalegfactor.

004l 025 358 okl ERRABLARE b PP Byl o 0. e
all- digifaD Ugdvefothb if @BEstiut@lUBH GlisabRAY tthd Iaﬁaub g%iagughryo Hg[%mdmg the

-355 (two frequency partitions), or
bandwiglr of rtheypsinesry (hgital i sidebasds 8Zh é4arap<|i i adddg tfwesgolwer secondary

s BRSBTS Rl e

illusthted @hﬂbﬁl@{enFMchﬁﬁpdl\gﬂM@f ROANERd sibt@rried ht ﬁbgdrh@ﬂ locations -346 to

waveformis constructed by disabling the anal og
+546;iwjthent arf anlalog M pigndi ng the bandwi dth of the primary
git debands 82, 84, and addi ng .| owner wer
loo@écorﬁa?‘ffh QT o 6 A BT SANERCY HeATaREy llrOPR Eateaded jrequency
anEBﬁ R |
P A P FHar A BL R, APAEI STl Bgeh sccondary
mdebaﬂdcedscr hay &na&ecemrbanalm r(S]}»/R)caaﬂlfomsSedﬁﬂﬁarydExtdtﬁiéﬁ (SX) frequency

Wit hout . anal og F n 0049] .In addition to the
partifighs. ik cﬁ%wgy 'yﬁt?%q%@ [Ve%uthe Pesondary Mpfgdpquency partitions
t
e RS 0 B TS SRE ok RS BB e o
the ®nt¢eband al so has ten Secondary Main (SM and four
iﬁconda y Extended (SX) frequency partitions. Unlike
[00 pracheesonsiatetdehind afrewpretts ¢ smalictespmiisry Pratpated (SP) region

0. DRCRUIRY, B HHC TRy AP SARS. bRl 57 IS, e

sidethandsnare referred to as “protected” because they are located in the area of spectrum least

likely to be affected ’by analog or digital interference. An additional reference subcarrier is
placed at the center of the channel (0). Frequency partition ordering of the SP region does not

apply since the SP region does not contain frequency partitions.



the center. [0050] Each secondary sideband al so

supports a small Secondary Protected (SP) region 90,
w@2004084708li ng 12 OFDM subcarriers and ref er encECT/US2003/032917

subcarriers 279 and -279. The sidebands are referred

[002H as a%wﬁﬁceedaéﬁdMaBb%id@medtsm sapaarticat élﬂ‘édugfnlﬁ()rm artlaaugh -190.

gL S ST R 28,2 e
&uﬂ@andtdéfedl §deb§1|1diﬁﬁﬂld@§ sutegrrieRNME thRfu ﬁh 98 ChHad Additional reference
Fr eqlgency partition ordering of t SP regi on

subm Bt Theplowgr Seqpndany Hixtgded @giemnddudsdersostubwneml h91 through -

266 e B oNes s PRiss e R o miPGaraR 261 tiebigha2TS, plus

ddifiBAd] SeferREAIbAfisr 270N TAY §dtal R ued
iy The u%per Secondarry Extended]fge?ltlzllebC ngar} E%ﬁgggtére]aﬁodlgﬂal Spectrum

is 38uB¢hHei ete abglituderafigbh 2@BarrEndan he smqquleby aiBexmphude ycale factor.
Pr ot ct ed eband j ncl.u s sub arrier 7 through
The§9<‘é)n ;myﬁgieg:ﬂ%il e spale fep@ leo Agly opg @f the four may

be sé]@&@dfo%% RAasyt %g@gﬁgﬂi d i ncl udes subcarriers
-191 thrglggh - 566 and t egefeogwer Secondary Protected

[0032]debEIt 5iis e fudtona block diagems of tAE fighdl pest@ksing?pi8iocll Ibers 100 of a
addi t| onal reference subcarrier -279. The total

tfan%mlétah dye éparflighal ppdio breadeesting sysingi £4P. 3 plusiraigsrhowrontrol and

o3 B8 e D SR s SRR enrce o

IBOQmigiahmdtmmmadtasdﬁdﬁcal e factors can be user
sel ect abl e. Any one of the four may be selected for
[0033p1 i Eea i syptemo camebes ased diar jbr@ildﬁeb/andss spO0B2] inkluGings a Station

ey B A T -

bloclts 902 ahd poudi 0 br oadcasti ng system FI G 5 illust rat es
how control and information signals are passed
[0034]r ouTihe t9H8 pw@videsisthe ayeessanf comeolpand ddedtifebiok ihformation that

S BT 20, ARk B S, chO T
supﬁ Edé’érﬁ%@ ﬁi@SISOfbcellvg§ s Gth! 4 ?l g?f éﬂg@@at LD tﬁ':%ld[geu status

xiltary Application Service ITTustrate
can ﬂW biiohdakis Oiﬁ2thanﬁmih@1&y IBOQ5SPhtaThevisk I_guicnl | Clesnth€PIDS) and/or

Secqiga; Doty DB CORIEAAT B L bIOBEAbAmek JEFcbABGHIORS a virtully
unlifited tn%bb%@@f Qu%ﬁlt hl?(f‘% ed’i‘aﬁﬂeahﬁ 1[a1 fa'?g { Fxé (operate concurrently.

services. The SI'S recefves |npu
Auxdizpy appdicatiors cso be hddedtaneny tisteai the fuman be br oadcast

er the Primary |1 BOC Data Service Logical Channel
[00-‘% a9§ daRderice igkexigrri é@fyrepgw SRR iStg@a]jS 95 BB)strpted by arrows
108 91 891 AHARNEL S B EHS LIS S bt 4 Bl g servie o)

dataa;(gnla] odhietface 105 amﬁbah by@tﬁﬂwul 14eMtheMata s8EVied infdiface outputs data to
pplications can be added at any tinme in the future.
a Chfwégﬂultmlﬁ@f a1eevRiph Brodpees iransiet frames acidlpsteaedshicamen 118 for use

by t}éﬁ@&/ﬁjam'sﬁor%ys{elrﬂ %, aﬁ%%jfeHXd & qu_‘vgler 1 (L1) of the protocol stack.

[0056] The AM and FM systems share a common system protocol stack, but differ
primarily in the Layer 1 (L1) physical design. The upper layers are common to both the AM
and FM systems.



108 and 110. A main program application 112 al so
supplies a main programservice (MPS) data signal to
WO paoe0d@e®e 106 as shown by arrow 114. The dat aPGRUS1008032917
i nterface outputs data to a channel nultiplexer 116,
[00%A chThe Jaiae Brogram sYasyice rpipassvea sthe | ¢xistingasnsdogh yadio-poogramming

roud 1] R 5E s BB AR 2P0 ELSE B PR srvio
can [iRA&R] di%fim At tiad AirbdBotHeRiISs WHIREHR AAd agem

rotocol stack, but differ primrily i'n the Layer 1
[0038] ) Ahgomirohsyseesingmaged He trmpfer ahdpecsssing f dgndad stems from the

DD BP0 TG 1710 B CRPHEN SRS Ko gl araR And data flow within
the pofoetl stk ff&ﬁ?th%’f)\eﬁgéc'ﬁge BPHR gl&fag?dgfq%l%rrg%ﬁ\geﬁgk@%aﬁon&

ormats I n both"t anal og an SSI ons.

[0059] adBiotdcoh, stdckesdvbices R0 Atadsederidl 6@ vice akcbRChbidR (SAP). The
digital data that directly correlates with the audio

infoppafienagiehaged pb R g AR isuisfrried|to 8y 8 senvicgulatagut eth8DU. The SAP is a

L : Lng _of .the data st ms_fromth
poir SE I EFeH0E REBGEREIRSeRlohe ot Wi B3 B SR anggilgetween the
broduloxt iseth e pedvidet aaddsedat a flow within the protocol

stack fromthe perspective of both broadcast and

[006@Lc ei Adirotnspl Patatinoh@DPDB5S haAged betwleers pearayees (d.¢ e&om layer n
are accessed via seryice acce i.nt SAP The )

OF U F TR T ol e et e e STy B erBeghloy e nt necessarly

iden$i@alY | BOw&RY, 200t ifan GhittePdnd TOLiveAR DG, q?r ﬁ@'sﬁﬁl\?ﬁé};eé, must preserve

convergence, defined by the servicing layer,
the pUgpostien thaicih aonfeinedstitheethe ISP, br oadcast servi ce

A S NN e N TR
to d%%/ucg I@(}?sr gxﬁéﬂe& b? g%; hQ1 |0<'11¥1?er tr{lhsﬁ‘[ittérhtg. r@e%? Iiaggrnlﬁ-!-fgcg% jthe receiver

peer are not necessari

systétondhe lgyeb o+ h PDiUapesyioadtcpdsiss df tgeehvieptofddbbcontt@l irffoi@nation (PCI)
ame |l ayer, nmust preserve the PDU portion that is
and thedippeayerlays 2 BPUWBDU. [ 0061] As shown in FIG 5, a

nd e, qof any | ayer. f the protocol
00621727 iy ey BRERG Pl hL fslis ADE R385 rom e
n+1 i@ liyeR AN thé Gandndit SidPERhydrake Pt B iackBRi 4 8pecified by the
system The |ayer n+l PDLj payl oad consists of” | ayer

layepn seryicst dd@t package isicalled o sersice slata(undy, pr SBRE AHayenppRDU includes
e [..N%2) . PDU. 62 o further erst and
the Jo 3t bBYER T abieh SPRESs, P i (e oot gyl reses the

layet RBBIU arftttdendDit @ 1afdral vib tilajdie dehadsdbcbssPofi: Layer
n+1l PDUs nust be packaged as specified by the |layer n

[006Hr vi Waen Tyat n penckag ¢hd SDUalkt tekksahs tayed o€l BB Ranthits own protocol
coni i LT oy o 365 g s
s ERERESTIORoc AYBT 1 S0 RIS e ot e, v
the preesss veesseitiallgDeyersad ssatnésrntation Igagenp thelpBdohgedst SHence, each
layero g\)@[ra%[sothg %gelzr PDU and forwards the remaining information to the next layer in the

form of an SDU.

[0064] In Fig. 6, a signal entering transmitter service access point 254 is processed as
illustrated in block 256 to produce a Layer n+1 service data unit on line 258. The Layer n+1
service data unit is received at Layer n service access point 260 and further processed as

illustrated by block 262 to form Layer n protocol data units as illustrated by line 264. The
9



control information (PCl), which may include
information received in the SCI, and creates a | ayer
wWo 200008679 e | ayer n PDU is then sent to the percT/U83008/032917
recei ving, system where _the process is

on.th | . S
tfané%ustl‘-ﬁ‘iiia&?prff’@s‘velr ey unids 31p frapsrpitted ko Hisaecaiyerané processed as shown
- t : 0 tracts.t peer
in bRICR 283 fobl Rolivel AT n S8R AUl Bl SRl R Rihyer Laver
serviayscessrpoint268fand Metiterad téSihld. re¢dd4laytin-Fi grotdRol Ruyer as illustrated

signal entering transmitter service access point %54
by ke 50y cEhatggeaiver Laypatt araserol daysr pricessss theorepeivetulcayenn service

r ' t i n |line 258. The Layer n#+l .
e a5 ot B0 VICER 202 P et Bvet L BT b cata i
signalbae aSevideniccet®goimpd74.ur t her processed as illustrated

by bl ock 262 to form Layer n protocol data units as
[006§]| usFIGit édis by flmationdsblocK hiiagr8m\Wef 200eitiOB65t95 transmitter showing

PCT/ SégOB/ 32917 trafs_m' ter Layer, rf‘écﬁr ot ocol data
compRPLS MALPITOINSTE L% + Yepal Procesung drclufine rspmbles $09sa channel

&lROWN2, lah iBtePEkved 604t © B6i8b v . saryice. .
S ata units that are iecelve ag@ﬁ?e%jgfver agléﬁangén%%ﬁng 308, a

trangrgissipe subsystess 3 Phi anl 26$stemctodabli pexedort 812.heTheerfisustter system
LI?(ﬁyer n+1 V%ot acol Ia%/er as L%I uaTtr ted. by line 270.
COntpI AFOGERROL B Y fectiXged SYStEm canpbtighal pa jias 31t o thesanalogaydio signal and

SCA 858N Qke bdBfedo RS tYeinlgﬁlissﬁgﬂtsﬁb%% e? oﬁ $inS BN ﬁ?%’ 8%1%2%@& from

272 and sends the resulting recél ayer n+
the REt Eransmiissions Syirsybtemtie tizensemplificd ycanplifiep@hdtmRodag circuit 318 and

0065]. FI i.S functional block diagramof a
Sentb%?‘??‘h?fllﬁgzg¥?rr ngﬁ?sttt er showi ng conponents that
rf tehy [ J 0 j including a .
[OOGS@r a ér8h§61|(-)f,% X‘Z[{oél aﬁlhéei?aagﬁgn ootg?ﬁ% ,sysge}ln 1y uéip‘?ge%\%?snmer 170
and 3Gdcei veF DIR.maRpitragsndifier incuB¥d bawaly4 aaaaretémecetPi8y addio and data

._transm ssion subsystem 310, and a system control .
signgls gp dwes} /Sansl 156h cAnnligation epeederss 8% camvert thetaudio and data signals into

. : . ' trol si I line.
maiRp3ERRE QS G FARNES saR Ph I TOE 8 s oftEf god Rt Signats on
line d86.i Thesedignalstdie ptocesledrbsp & inafspdrtiimd ShidipleR BubsyG8m3IBE: A modem

The outgut signal from the RF Transm ssion Subsystem
190 jegnyesis rihe, igapsten Eamps ty apiPRY framespnl lingt 198i whickicaw tet amplified and

o AR50 19,0 30 SODA 6 RPSHRE 08 2.3
4

including a transmtter 170 and a receiver 172. The
transmtter includes inputs 174 and 176 for receiving
[0064Udi olherrecaieard72 sarginalude amanténmasl 94 28d aovefi@6hal front end circuits 195

o SN PR SOEE AReRLT H By B8 oe 1. 1
modeaIva|cdniits thdRcdi®dd moddn FAERYIAS Bon Bt PSR Y Hﬁefgn% )(/)f gackets on

. signals on |line 186. These signals are processe
line t198nspotransaerd and| de-phlbsiplexerb 206t imniudid@. a Ahaek demiBilexer and an

.. converts the transfer f s t ut put franes on |ine . i
integf 454 i S5tV Btk rdte Gptater diapledento e TR e myos Arpice audio
signd B3 141200, anfl %ﬁ élgégg{éh Rata QB si g oNBUE DOL. "B pSilatib® Bl ddders 206

in FIGs. 2,
convert these signals to audio and data output signals on line 208 and 210.

[0068]  FIG. 9 is a functional block diagram of modem/physical Layer 1 processing for a
transmitter. Audio and data are passed from the higher protocol layers to the physical layer
(Layer 1), which defines the functions of a modem, through a plurality of Layer 1 service
access point (SAP) 322.

10



[0067] The receiver 172 can include an antenna 194 and
conventional front end circuits 195 that receive the
wo ec@ndsi7bi ed signal and produce the recei ved npdBEDS2003/032917
anmes on line 196. The nodem 197 converts the

f
[006ilcei Vg Liodiabn defiapse the intesface dativesn Eayan@sanidnLayee 1f off the system

profloRBB 138 e KiReafl b RARIRBRE iiepnau roneh s,
PID3N81 ahroubh S50 ad SIDSat #heé Ghiingitet EANSH %_Era%‘e‘anmgé LaridtPRf service

: transfer frames into a main programservice audio
modgp.garh elrpnnphentore Lagerdl imdiseretecfransted fatea, with ai unique size and rate

' lL,.on line 204. Application decoders. 206 conver
dercpin e oy Wi s ecomati (e s oGP OB fhaver 2 are
refedB8tAkd_12919us[ 0068] FIG 9 is a functional block

di agram of noden physi cal Layer 1 processing for a

[0070]ansThd t@rceptrofdiogicanchariat]e and eheprafimetior fsoagentrhletohthgB@hsport and

rot.ocol. |ayers to the physical |ayer (Layer 1), .
tran{RiSSiAn (il L Sroeh thin SBOEnrStm. o Arasiey! ¢hanpelgls @ signal path that

I T o —
the ldgichhetmntdi elesighations deliduedsvibatnhd dytein theddgclayininel isdormatted as a

t he system protocol stack. Layer 2 provides a
vectBl.yrality of |ogical channels, designated as P1

. .S 5, | DS, Th i 2
10074, 8 B DL R 0 T 1 BB o anc
mitigael ignaliReiddichRR ReenaRd wasefbay & delddl Sl LA ventional analog FM

transfer frames, with a unique size and rate
demgdylatori Fbe by in Rechslegicplcehannel cire Wrambledrto frangdopsze thattime-domain

Carr.y i oation from.Lay 2 are eferr to LI. .
dars Gt B B SRR e Bl (bR ATREPEr fa i logica
charingBCfedrAhd B.1 GAM, radlselebel b thé 86156 MhodRNAThd HRPHE0E el ramblers

of data through the IBOC System A |ogical channel is

are thansfeg Aegmes £ tsCrabiled Litnfvn cech ofatheractiveSiogicat thapogls. The scrambler
er 1 with.a specified grad f seryice.,h The
eenci S} orebfaliOin REC bhisFos e er el M gt data veetors. The
codd gsﬁkfaair%alih@e&fééa@aa@d}ﬂt'égﬂtae | ogi cal channel is
formatted as a vector. [0071] Scranbling random zes
[00%2e oFhyinnel caltwg compssashthe dghaitins adfaserahbling, ‘chirirek Biicoding, and

. nd. iti gat ian ri,odicities when the waveform
lntef??vw&%awﬁéﬁ E{fii 12’- %aeg ﬁ% chnmel 13 setaghledhand encoded separately and
in pASIARJ U RbAG el REnIES akdiRAGHL R Cha; i

" pscr anbl eg toerandorri ze t]he t(itarfe- 8Prgﬂlatne g?ﬁ%%ngﬁg’l ctlfpendmg on
the aative sewiogemody n&hcto sirambleoigencFites ianpartimat-lenpthescrambling sequence

. scranbl ers are, the active | ogical _channels from.the
using 3 184gg7 fesdback St igisfss WiHoPEBIUE ROlYRRAEAL Fh s ke sorambled
t r 15f : S . a . .
trang¥er, TS GE SHERLREY 1T Tndduft, %%C}HE HEDaRbeiBEHHE it with the

corrgspoadibg bit of therseraathding seqwecedor andom code which is

dulo-2 summed with the input data vectors. The code
[Oﬁéznergﬁo A0is;a Junciigeal bleckedipgiam ofihe sighal gionsteljation @eapping 306. A

. codi i . tions.of scranblin
mgn%}bgﬂ%gl atlglg %@?ﬁl&?@%ﬁ&%‘s g@'-ealsf HOG'd Blurah%/ of 1n|ierfégvers dhd produces
signals that are scaled by scaler 348 and mapped to OFDM subcarriers by OFDM subcarrier

mapper 350. Interleaving is applied to the logical channels in the RF/Transmission subsystem.
Interleaving comprises six parallel interleaving processes (IPs) designated as: PM, PX, SM,
SX, SP, and SB. An IP can contain one or more interleavers, and, in some cases, a transfer

frame multiplexer. The service mode determines which inputs and IPs are active at any given
11



interleaving shown in FIG 10. Each |ogical channel is
scranbl ed and encoded separately and in parallel. Al
w@anoaloB@abs scranbl ers are identical, but operatBCHUS2003/032917

di ff r ent rates, depending on _t he active service
timeyd gddifign Hox tieamtsr viee medrsrehesssths Phdegien chanselyis ractwe a P3IS control
I r f
bit @%éﬁé&’g?ﬁ%a?«%% H?ﬁextnn\ﬁgs \gg t@%roémﬂ)a or g&&d@tﬁ]ﬁ%ﬁVPf ispergployed. The

univeee aftihgds {6 drsles¥ing banBe lcﬁarﬂﬁll@ﬁcéﬂ&ﬂtrmsféfqga%é% ffom the primary
addi ng the associated input bit with the

logiga) p]pfg)@g]@ Adithigugh P3 and PIRS, aed thaedondary dagicah cleanngl® 8T Fjrough S5 and
SIDE %?Pn%r veal“ouﬁzélgst' ona bl.ock di agram of the signal

cons Ion A signal constellation

[00THPPERm tfcd %aes\/ﬁﬁnzzmﬁ %& NP Q}@P@'w i8d1! o may utilize either a
interleavers and pro signals that are scalma’lby

short oimd bong M&leiwdr depfipiichet spa)i- itk Sartpciaterleves dépth (bl robust than the

rri er 350. Interl aving is applied to the
shorf MG PO WeEr, s 1R S aHirdbosh LSbsspendshesults in a long
decdd@ltfhd r | t&n! | - i
S R e Wi i B %@ Sy RAGRE s long wning
timedin dnasaeptahie nRoo®casssdoad shon mnﬁexd)afavanis asddnt er | eavers,

ﬁ In sone cases, a transfer franme nultiplexer. The

(005, v lenassbod atterisavers graqplative ﬁeﬁpwsthamrdm the BDAtlength. A short
£LQ36795 P 32 :

1ntel?élar\{€r.n¥rf ddgest gf% r?%%léggﬁ ﬁ)gg’ GCESae ISl #{2@0 f%lh 3%1‘1% H]éeﬂeaver can

encapfulhto disafromhanaal coseaatveVEDUS Pﬂleslefﬁg!h bPkhe Ring mterleaver is a
obtai ned from |l ayer L2 determ nes whether a |ong

paragicr Theteds |agtzadeptt |b§t\@¢plr@%alessrmi camting @V@@bﬂﬁy dclp)at ¥f delay is

I h co e ns
consﬁdr%gergégtt EF élk’&’?%{lkl@ g%a ﬁ;cacsfhc us‘é % a PCC(I; hC Cﬁlﬁ (%.i% Bﬁb%elnmr% Hta]hortant factor
thenP3 shord ilttGven idhyt te sd@tal) dadutidgOf Hite@ HBRREISs. S I robustness is
t hrough_ S5 and SI DS. The interleaver outputs are

consifiergd, Brder agign4ime gndsenighiceonthirpsion NP be MRSmaredmpPRanttfitor, then a

ma tilize either a short or a
longI %eh@a%{ﬁlqg%vﬁ]&%gept% l(Jt: rriezspaln) The | ong

[0076]t erA£aN&in ‘ﬂ?@“{@ 95th€Dsry§tefrP@61‘§1tol th&hel o §CF§12CU ﬁ)asses the channel
i nterl eaver depth. However, the |ong iInter it
codipgb dnden theglizetiom b Yher eppet ﬂzglersn SgstémnQonté Poatesdingrassembles and
affe ts recei ver tun{%% i me bﬁfore audi o can be

d1ffeﬁ%1§1|aﬁy |%§F§1“?%Fﬁ| (i;fgbltst eMLCORHY ggtﬁtsggpeélcg)n destiped for each
refe@ﬁ&es%bczﬁﬁe@ B exhpB! thERVEE up T §F Fé%cre{x&%ﬁ%]:aﬁ@fg gmﬂﬁbered 0..

short interleavers are relative terms wth regar
60, diseritmmd ﬂern@lwut Ashs KM spﬁc&uhreav’l@he amtnhqas of aetie&nam subcarriers

nt of bits P whi | e
oo TRLN a3t B0 e s il B n s cxample
Syst&R THRAGHE PNBeds %Salwa_ﬁeoukﬁﬁgﬁlmpgystté?ﬁ C!)l%ﬁg dafdl s%ﬁﬁéi@éfse, tegardless of
is a paraneter. There is a tradeoff between
servicopipdeness and content availability delay. If delay is

nsi at a given tine by a specific user for a
(0077362 .W%@@aﬂt% PDiMLASHENE lﬁltﬁ%%?rvﬁlammfla%& B freqqen@npamuons
For @acﬁ hefite Eﬁ%ﬁé&v@@ﬁﬁ&*@lﬁ]@@uggcﬁﬁ%& qvlalgp%?# ass d%r% a row of bits from

I'T'mted robustness. ness i's
eachuniddeavar ganrieion tto it respdctbenraen©opditingt ir0s coﬁ@leﬁ%u&ﬂiﬁ vector X.
‘gjgtge i nportant factor, then a long interleaver may be

m control data sequence bits from a row of matrix R, the matrix of system
control data sequences, are mapped to the active reference subcarrier locations in X. The
service mode dictates which interleaver matrices and which elements of R are active. FIG. 10
shows the inputs, output, and component functions of OFDM Subcarrier Mapping.
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[0076] As shown in FIG 9, the systemcontrol channe
(SCCH) bypasses the channel coding. Under the
wal2oogosi7eh of the upper |ayers, System Contr ol PCT/US2003/032917
Processing assenbles and differentially encodes a
[OOZghueWbé ITQIU'ESoilot @FDM/ §t1|mm‘rmrMapﬂlngiﬁlraadesymhme&e a row of bits from
I n. on

eaclé e ge{e ference g‘i‘) i er g
%Hﬁ ipter ﬁ‘é‘?rem%ltf% A WG P Re ths iy p pystem control data
seqiBhOReT EHe Qutﬁgt froRDOFSiIN tS'hb@éi'ﬁ&dMaﬁgﬂg G0 Lcht BEDIE B¥ibol can be a

spectrum The nunber of reference carriers
single oaniples vedtor, X, of leepthvi@98f or m depends on the service

g?ﬂe. glovvever in this exanple, System Control
[0077h c e Ths rjeriaxes Mmatsicep Grrsying thepuses pudierandalata ﬂTMdBKé .. SB) are
maBANE DPOR: crRAARARInR lnd RPENLR JIBricl DT o s mapped to

I er pprng :assigns i Ler | eaver
BPSK eans¢ilyiopaiointt iafd $he re‘Fﬁén&adilbca’iﬁél*sV erhds& PhhY Bfe then scaled in
matri x, OFDM Subcarri er Ing assigns a row of bits
amplitylp and JeRpred te ﬁheéfaaﬁéllgn?fb Svboagriers. s This peasss xesults in a vector,

X, SRS HRAS Albla b GFOMTLEE MR NEER o o 1 ow
[0080] MeOFDM Righdl &adttioy r@éenfe\ésaoﬁ{pleﬁ Rl cydRnthin OFDM symbols

sequences, are mapped to the active reference
frorg Sld?camemaMapmsg,u amd)qutfiie tinwedumaie puisde represeatings the digital

pori{ it FMTEGE S 8aone he | npute, outputs and
[00% O gﬁ%c(t)lﬂgﬂf’s%?l a?g}aiﬁﬁﬁg[ t@%fi £ eﬁ’clﬁ'ri]%g £Q EISWector X of

04/ 036795 PCT/ US20
leng‘fFDMeﬁtdselan’rg the ciMapleix vgniteliatioachalry ftrodachIOFIEMIsabeifier in OFDM
[ active interleaver matri x and a row of

symgpt & Foppiion ety T oo M desrve
aboiﬁ%iﬁer%@:ﬁ& th&R bﬁ%ﬁ@f)ﬂt a[h%{n i %\Afe%l{%QHé LL &by ?%ﬂ}&éﬁﬁg a single

si ngle conpl ex vec
OFIoM dyerbgl. hIrilﬂﬁifollb@ﬁlégdesdﬁ;ﬂldnntmrduewr@i igmipehd&iSto X because of the

s ”ﬁgrbwqé@azi% SiaBEEPrSFTton. dor I Mol isgierheed to th time
donﬁﬂpgf‘ idcheet Fgﬁll%rrﬁ%{ 1 a%ﬁnﬁl dcréa?e 0 %§l§1e domaln symbol, y,(t).

con atl on poil erence supcarrier

TheTheme qa"r(aEDNB Signal Geatragemnies cbﬂlpleamhsdbuﬁiﬁ tﬁﬁ&dﬂfﬁ@lﬁqdﬂse y.(t),
to their assigned OFDM subcarriers. Thi sNProcess

reprpesating deidigisel pdiop of eyt MIBOSH ik £onPIoM smbobBt put

D e T R LIN - —

ThiOvbMfeiralgeonVer@makl hinbiHed avith Bk alYABE nktdiulAWaudio (in the hybrid
out puts tine-domain pul ses representing the digital

and @Wﬂ@h hbbl‘l(i FodeEn) toBoets it edmpleGOB)C RI2 wanpligrmtfor transmission.

Thi s\(/qeggml ﬁ%{' 2[% ]ﬁlﬁf 1 lolr% FSIT @g%thqnlah E%fn;ﬁ ?12{%% |o£ )gOBRﬁB modulator.
The qmﬁslﬁt?kif QIFDM sYgiiaL!;Qﬁe f@tplie@eh 1isEBYD ahd SR subREH fo g:rQMenatlon as

. For notational conveni ence, the output of
ShOW]FEJMbEch?aﬁ"f i The nenwpiengted stgpeistasel upa@wse@ iagl shawn irs block 356 to
t her erred t

procfélgzg rtlgegsﬁlgaéﬁ olf1 éhgdﬁzlynra?%ulated s&bcarners on 1ne §58ve‘ﬁle angiog program
signal is supplied on line 360 and optional SCA subcarriers can be supplied on line 362. The
analog program signal and the optional SCA subcarriers are modulated by the analog FM
modulator 364. The modulated analog carrier, and SCA if present, and the digitally
modulated subcarriers are combined in combiner 366 to produce the DAB waveform on line
368.
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OFDM synbol . In the followi ng description, the
subscript is appended to X because of the

wa@k@niotd7eance of n to OFDM Signal Cenerati on. ROEUSHDM32917
synbol is transfornmed to the time domain by a

[00831]3 cr Elatre Fpelrseearalt issues f afr tima redigamapie that dhe taadeistioe system must

L

Gl l)(e[T(Pfo)et R ER #he Ay, 4R "‘8%‘% % K

° lsllogng );13 synb% n. [008 Il(%lcea?yn qs%lsp]mlsstgg properly

ahgmdewrtlm Bt c&hm‘tead ih sorheserviae cundes sormelshadnneie ackopmpdasely delayed by a
veform This waveformis upconverted and conbi ned

fixegyamouphio %ﬁgma@dﬁﬁsdmeaf@dcca@an@gmt the weecibigiprliayer hpepvides for the
t et e
i ERES P (ST Rl S G o IO 70 P TR ey
provideGalighinentofGhe tdntessts af fhenehsfentthméd. ock di agram of a
DAB nodul ator. The plurality of OFDM signals are
wo&‘ﬂppl Thmp@maw &qg’l%momddd By &ayt?) @2).cmables the system to support three

indeB0 fenat n_as 5?’8 o Fi(lﬁ ¢ 354. The concatenated
(Y gna {TanspQy u%rg%ﬁ?/gsr & dg in block 356 to
produce 1t h®faf Proghaint Serffce Nudid Bhah¥porpdul at ed _
subcarriers on |ine 358. The anal og program signal is
suppl i ed- oRadip hénkeBgvigndrassperbnal SCA subcarriers can
be suppl [ e]?) | ine 362. The anal og program si gnal
and the Op POnEMSREN subcarriers are modul at ed by the

Unusaibf1 28 hiabé béBﬁCiﬁJ:l@H&f todfidw foPRIdImsHal ﬁfﬁ@.@oﬁg‘ﬁﬂ t08 future.
carrier, and SCA if present, and the digitally

[008&dul ECGedl2s waaﬁumtmnal bloek ochagnamethan rilustnatbs ey red@onshdp between

368. V\D

protgcd)g g‘u Vot 62t7@§1 }p%pf @Lr7f)ott1 @@Btgﬁns rggeive systems. Service
acceS€N&hRl40D Smea%dgbﬂm e tﬁlnérgiglgPﬁ Leil@MOE B! Sléﬁ%nh’lﬁﬁll P1Bgram and

system nust address. ties so equi pped
radie liek wignhlsf ﬂﬁlafeslgnaksrmmptdoestemas illseatpd ap&EDS yraatpogﬂﬂdck 406, MPA

enypaitUerE 418 re LS aheN o Ristocn 156 b arnd KIst P Mustratd by
11nes‘le2.h 4??%Hd %’D e'Thé‘ﬂQn%pBrtg&l‘lHﬁy 51%6 Bﬁdﬂ?@ﬁ% MER and RLS SDU’s, on

channel s are purpose xed “anount
linessdl5o Hi® diad @171 iwddcetsart Welivendal 1ol saoyict actése poat €l ef traﬂsﬁyﬁerr Layer 2.
rovides fqor the tine alignnment of the transf

The efirader Lot IOEFE ey signal? ay HEIsHpigH & b}ﬁ%f‘%@éq’ produce Layer 2
PDU QYR NI ?ustr r a@ge Q%jdgfgg?{"élrﬁ thndnliGed R)rﬁag/glt 5 ofthe tr&@wgr aé'ld processed

trans e prinmary Service provi
as slywit &y block 4222p, predueb| SI3UTshihatsats tsend tooths Upgher tprdtbo"o@ Qayers of the

i ndependent  transport services as shown in FIG

recely PEB §PIIFE 8esest RNt D¥r MR SmdRLYtranspert f'}mEWPﬂé 426 428 and
430 REMYIHE Cfﬁﬁf@%mrtﬂe fécellvgpfu;{fl&:}gg&ﬁ thgré&g?ﬁg ! ?&ﬁlc@@l}(tﬁut signals at

een | to allow for Itional Transports
servich dath pbintsed32] HB&HI BBG. 12 is a functional block
diagramthat illustrates the relationship between

[0086] ~ A special transport/data link can be used for transmitting SIS data on PIDS and
SIDS Layer 1 logical channels. For these logical channels, Layer 2 does not perform a
multiplexing function, but rather just passes the transport PDUs directly into the Layer 1
PIDS or SIDS logical channel. The IDS transport PDU is the only PDU contained within the
PIDS or SIDS Layer 1 logical channel. The PIDS and SIDS channels are not multiplexed

because SIS information must be transmitted in a known channel. This implies that the PIDS
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protocol Layer 2 and hi gher protocol layers for both
the transmit and receive systens. Service access
WwW@eians67400, 402 and 404 in the transnitter reP€i/vU82003/032917
.1 BOC data service, main programand radio |ink
willgjay ¢antgin qiher tipghef ganspert jnigesatiey hsadditias tthaPBEIS intoo small to

I £t Dbl ock. 4 A .transport bl ock 408 and
Wa‘%ﬁé‘%|h§€‘§e?§it6retq8lrﬁ‘:‘(to"oa8§’8v ﬁbéph%}“l%%lﬁg-d RLS PDU s as
0087] ustigted | ALd. s The tra :
[ fu] ncti o}ir?s aﬁg%V% &Hggﬁ?gﬂ%g’s 4%/20561 gﬂg%%{ﬁ%mﬁ[%ys%ﬂ&g ﬁ%’& 1 logical
chanrieh éwith 1tbe e4¢dptiandof4RIDS wind SEDSY). e The! strvetuesl of ohes BaWrCE allows a
oi nt, 418 i%k transmtter Layer 2. The

access
tranmoléht@?ﬁ gf"éﬁ theultipExedieedses these signal s as

- - 2 P
008 A0 B0 A PR Bl Bt o

not peyéde Rlddtortah orirRARIZURTPEINAfRHRGES $Athin &8 IANOYY tdfore it performs
bl ock 422 to produce SDU s that are sent to the higher

Physi¢abimpdsm pragassiag of theraputlecRPVe rWithindugyhr e\ @information added
s J: S, MPA and RLS transport function )
by B56FE ARt B b e Bl i SoBOGRE foon R e i an
indeperidehie chapholc@slicatddetoSl. D PEN $the FeREHA GEHAHIRH! andil WHAShot require
at service data points 432, 434 and 436. [0086] A
bandyyjdtty fpmythe dapesr t petdeas. | PEkinfermation wsé ¢ytichronization information are
coman@&?ﬂI};%h%err%c%c%%ﬁalon PIDS and SIDS Layer 1
ogl cal ¢ =

anne these | ogical channels, Layer 2

0089]es Twd syeRht Rreftdm ' : Lo ;
Ot D e 8 Sehr S TP ol Muth respect
to Layer p| Biysed ositpd dyeyi service mamivethe system| fpSvitlesamsbipid LBBL1 logical

i s t only, PDU contai ned within the PIDS or SIDS
charpllse P Riiperapt SR0RGPe +ilbixiCaanels apdhe Ruampeistis defining
then®V &y Pt eabl bdrl L SRl ] ' ik ' t i

t rzg?}sm tt e%lér?%éa knoﬁggﬁgﬁﬁ%geﬁr t%ﬁssqllcglrr‘gf %agfsl Ltqge:\ftl 1tB %é:al channel
are: P| DS 14 WD 2004/ 036795 PCT/ US2003/ 032917 wi |l not

contain other types of transport information. In

addition, the PIDS is too small to warrant the header

bits requiﬁggsf&cprgllnggyef or nultiplexing. [0087] Layer

2 allows these transports to be active within any

active bayhRtnstedFagineadte channel (with the exception of

PIDS and SIDS). The structure of the Layer 2 allows a

transpoft Rabystngssr ves the mul ti pl exi ng needs. [0088]

An L2 PDU ig eguival ent to a Layer 1 (LI) PDU or

transfer flra‘WtS Layer 1 does not provide additional
0 r ' | [ L i st re
OO oy i gt KA S HaEL bt b o'y Ll 4 311 Gra vrpa
Trangmow,), Milsehi2nis lasstare th,thaLhydPA seirvit® nivat a0 caflf@datiddy The 1.2 PDU

. La E_r@%gpdesi gnat ed as the system control data )

s1ze %% n gxahange fat pegeantiolied by Layee dendem totalnBRFesize Layer 2
i ' e ri.erns)y and :

eI 815 bl e L TR R YL IRE gme e

minuR@ie L2 POT owtrhend. and synchroni zation information are

ﬁ nbined into one reference channel. [0089] The system
[009: eﬂ(ﬁe}pélg}asmlt@sxlr@{eéZ argessipppmdottniransyst and receive perspectives.

On thPRhhIME §1Idé,oﬂ§ye¥\”2t Ilgqﬁi?e%pcgg tfollowing operational parameters for each active
Layer 1 logical channel (with the exception of PIDS and SIDS):

* A flag that indicates that each L2 PDU contains a Main Program Audio
(MPA) Transport PDU

* A maximum size allocated for MPA transport PDU
15



to Layer 1. Based on the Layer 1 service node, the

system provides nmultiple Layer 1 |logical channels.
wab@4msather of active Layer 1 |ogical channel spenusioh®032917

characteristics defining themvary for each service

nmode. Tie ddldgthatigndihatesibresack 12RDGcortaink FixadRLSIPDU(s)

| ogi cal ch%nnel, are: Tranafer Frane_size Tr ansf er

Frame rat e/ Mpxpwa fasdlocpigd £ RLY BBYKS) W t h r(Especf]I
L .. .
[00%@ At h oﬁégéﬂag(gﬁl’eblﬁé)ég fing)lg?c%ia rch%trng\f}gu%yge}( teirhlél%ir_c%g;ééﬁoiﬂayer 2 that it

ranspor I's a

requis\ende2 PDUE Bayed ofMlid pattdtiedefthe abave’DY sighakah@MPA transport
L2 PDU exchange rate are controlled by Layer 1. The

andfopthg RpSuosrewede ey respeciia (RRIY's (MPA Hsarrpgrt ZWHU MEiAed RLS PDU
I TR TN T AT LTS NERTNE VN -
[0093] USWiRheBayeRY® redeiRsORRS MPW tfraﬁﬁgbl@olt’]ﬁU§ ritarﬂ%f&‘ﬁlin%gdif there is

S
recei ve perspectives. On the transmt side, Layer
oppe@episticesandividth aivhitablen gOppetuaistiondata ivalefinet & the fuausedampacity of a

Layg belinal & hiph o (RE algodifi of 1y J6oK RistEned oh tiepMPA encoder
but i&fuﬂ? RtiRLae ’ﬁn%ﬂqﬁcﬁ? %ﬁ@v%&oand(iw@ﬂaﬂea%%e&%graﬁgﬁm If so,

maxi mum si ze al l'ocated for transport P
Lay@02 4ndiGaa0thi POTheIRIDO 3hd 3RO RLS pravidesign tdpaortimisticcRE.SPDU to be

. . L2 tai Fi xed RLS PDU A [
S G P B o 2 15, 1L LS POUS) e
onbgpe”ofed 28508 DS0AE e Bl ERCE SRRSO RINERLS i e

the Hafer A @I atoowesent D thé gpiabdpridihBaydPA 16giedl $haine]l bpnd/ or
the RLS to _provide their resgective PDU s (MPA

Transporlt ©setinglayen 2/CE flagg pasgd 0a rortent anéreé:QCbH&E e
' | LN eci fic Layer
t1r ?23 imc %t eg%rg%&lngé ﬂa§eF g(#&é]fﬁ%)%%g%a%ie?bys Pe ceives the

MPA t r aids plasértiPPMPA tndIRLSIPDUiHitd LayleR2 PO ground the spread PCI
opportuni stic bandw dth avail able. Opportunistic data
[0093] deForpeBIRS or REDS hevesd logirat thapnek Layerllaindicates to Layer 2 that it
ich.,a fixed tes. has

reau BT DT, P cntishEE BT et Y i gpeeive POU.
e L F anaor T T e e cates this 1o the

[0096]S ot teheivel ddepnotvietiesn aperatiymal parainstetsc FRIterPDihisoadapt to the
cont?g%rat%or;lcblell'lndgetgroil&agt%% t g thtrioéchzggél it is tuned to.

[0097] The L2 PDU structure is such that once the PCI information has been extracted,
the entire L2 PDU (possibly containing a combination of MPA Transport PDU, Opportunistic
RLS PDU, and Fixed RLS PDU) can be routed in its entirety to either the MPA ‘Transport or
RLS Transports. Based on the L2 PDU structure, these transports can process their specific
PDUs and discard PDUs that do not relate to them. This provides an extra level of robustness
for a receiver implementation and it is recommended that receiver designs make use of this
property to provide a higher level of robustness. The system allows for various
configurations in which L1 channels (available at the receiver) are present or not present

based on station configuration. This uniqueness of Layer 1 leads to specific methods applied

at 1.2 to efficiently identify the transport data that is contained in an L1 channel.
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[ 0094] Once Layer 2 has received PDUs fromthe MPA

transport and/or RLS, it creates the Layer 2 PDUto
wheoog®si793 0 t he appropriate Layer 1 |ogical cheemes20b3032917

1. Creating Layer 2 PCl flags based on content and
[009$] o dRefyr t@FIGdBdadamgvdraiger of theChridus A@sPUrsasstute?. ABE structure

. Jnpserting MPA and. RLS P into Layer 2 PDU around

can B, iEEReL S0 e Uah et 107 pibd I gpeanstanathor 1
i cal . I ' [ r,. [

016008 8 kSRR LYE 2 P AL 13,19 S0 R ol S,
extrd¢ta and dédodeOthp TAVPTEBItS. SBhsed[paahé V.2 PeDUhe réRWRFE c2n route the entire

forwards the PIDS PDU directly to Layer 1. [0096] The
L2 PRV tpetheq apryopréate rdastinasione & YIPOndiransperanandeos RLS (fixed and
opp rﬁ%&’ it nust adapt to the configuration being

roadcast on the station/channel it is tuned to.

[010P09 7ForTine PHBS OBt bpichiéanhg (! fé&eﬁela&an%ﬁﬁezﬁlg %Deuc%Qed L2 PDU

i nformati on has been éextracted, the entire L
to thedPSsIphspodtont ai ni ng a conbi nati on of MPA Transport

Eﬁu ,ﬁ? ortuni sti, RLS PDU, and Fixed RLS P can be
[010%ut e ? AYSI§R Pé?]\tlﬁ?qseﬁly? oolk ppRicatineangpericesn s hbe I3 and SIDS
logigﬂ-}%ha_ﬁrﬁksﬁg rd(e&icat@&‘%(?ﬁax%?)ﬁfétﬁ% 413 158#1%&& y fnglrs]t dlgehgc%'ﬁired quickly

transports can process speci
for dhiasdiag dppldatonhads dentiofed gkeibesly thdrdi&na spEdiatized IY$ d@ssport that
an extra level of robustness for a receiver o
creafitghe nny STPS RS oIS S DSk #Heh dGeeical sharmeb e Ppehe transmit side,
Layél‘ef hﬁﬂés ﬂi‘i@‘ﬁpg%d%‘m*s%ﬁm g ?Bﬁe{rt]]y?ﬁ&tlgr @‘ﬁlnﬂgrl oﬁltﬁb%rceive side
[ evel of robustness. e systemallows”for various
Layerdnfoutps itise PIySsandrSTIMSI RDUS to thb ADS @lafspogvai | abl e at the
receiver) are present or not present based on station

[01Q3nf i furentingred Tohust beadsndReDsisodenlenedrinledchaefstheovarious logical

i | j.ed L2 ffici
oo BB O TS AR A AT ot ot v
The GG Latesl the\86ni2A04H 188 1962 CTheFH103p10318Y éne Bp@@&g&wing five

. Refer to FIG 13 for _an overview of the various L2
indigatioge eQrrespondipgtosthe BPUsteictusesy be different for each
transfer frame and for each LI |ogical channel. [0100]

A recei ver ThegS1048Ss Alid-Sribiobdl INPRErdndpBf PEAGH active
| ogi cal channel’, and extract st}gﬁd dechgdes the L2 PC

Bits. Basenh%yldm ié—@atﬁ’@ﬁent&@_@l]ﬂ@?ﬁin&’}tﬁfrt)caﬂ route the

entire L2 PDUto the appropriate destination, i.e.

MPA Tr ams pAr ini@dcddtenRlpaylohd X eshtanihg PIPROkdabkpodt hifd opportunistic
[0101] For_the PIDS (SIDS) |ogical channel the
recei ver cRhS tigutperttileUs ecei ved L2 PDU to the IDS

Transport. [0102] The system provides SIS to all .
appl i cati oftsmaxed s@ifitc Bayloath ecoptapEng P S| benspoggpedlfixed RLS

channel s a%ﬁlsggrgbﬁzgsed to transporting SIS information
that nmust Dbe acquired quickly for scanning

appl i cagi qgsl}qjﬁéﬁtcgﬁt%h{ g@&}‘ﬁ %?Xﬂaﬁﬁ'f?é X/[l;/{] ?rra%sﬂo%t, a(l)pportunistic RLS

speci al i ze ransp
transport, and fixed RLS PDUs

[0104] FIG. 13 schematically illustrates the five types of headers 440, 442, 444, 446 and
448. When the L2 PDU content is audio-oriented (MPA Transport), opportunistic data can
still be inserted into the payload (Opp RLS), and additional signaling is provided by RLS
such that the boundaries of the Opportunistic RLS PDU can be found and processed by the

RLS. However, as mentioned previously, the entire payload is associated with the main
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creates the PIDS/ SIDS PDU for a PIDS/ SIDS Layer 1

| ogi cal channel. On the transmt side, Layer 2 routes
WO b@4PsdS and SIDS PDUs to Layer 1 directly. SPai/Uszony032917

on the receive side Layer 2 routes the PIDS and SI DS
pro@Rgsautiy EVHRA (TIDgispertnandds handlgl gcjucyrduepo sighaléeng conbxirstd within the

w3580 ol i SEB) RHAL S5 S Bt AR oty and RS
proc%%ﬁﬁg%s%tﬂl@ﬁﬁy%hpqm@,@ s) and the AM system The

i ndi cates 'the contént of the payl oad. The header

[0105ovi WEenahepaflodd@2fRDUPvémngns b Fexedi RIS PBIU, @f$xtended header 444
corresponding to the PDU structures: The payload is

is daplgyed withihthedRERpA her BrrgdosanteDU rqgyirep Adiliional ndications. A
. .orient ed Tr a ' .
s A SRR S TR o BB i, e e o

serviRleS transport PDUs A m xed content payl oad,
contai ning MPA transport and fixed RLS transport PDUs
[0106)i xEbe signalingtis paytranster fowm DI handvives motregpioe any knowledge of
Qpport.uni sti c Ris transport, and fixed RLS PDUs
pre‘f%‘%(ﬁf

JutHreirangier SameS et i cal Iy il lustrates the five
0107 €S AWenBeAE R Fer 440h FéA ‘9;&3
0P bR, S 0 1950 0 s
PClofjbe paylnadhéaderdatone ezampls cbhdistbef 2Abiey, tmdad oved thidw@ansfer frame.

| oad EQOp RLS), and additional signaling is
Wl@‘?ﬁvi libehepderyngludes,ene eheight qyelip permaations, GWotthkough CW7, of a 24
- URi St C f .processed b . .
it SRR S GaBtSa R B8 U030 BISSRIRES B ppeind
Tablealy| badnitlse RaBAGH Gllestlatd thetappropriae sedubn¥¥) bARMDBE BT obtained
PCT/ US20Q3/ 032917 progr am audi OW( MPA Transport) and
from thefdaysay 2hovas Theeontenigial 2 seleated @V #rg devignate hgvibg hi 2 2o, has).
the audi o payl oad. Such signaling enables the audio
processi ng (MPA Transport) and RLS processing to use
t he payl oad properly. [0105] Wen the payload (L2 PDU)

contains a Fixed RLS PDU, an extended header 444 s
depl oyed wi t hilRPlere Grpasic Herdeppsggnecidicationspy

requitres—addit+onat—ndirecatons—A—detter—i-
proviided by RLS, indicating [the payl oad MPAtS | Fixed | Opp.
assodiated with each type of| Heexduiignl |O4Q8br TRRLS RLS

Seqiin@® 3 BiflgylFHRaB& SdhaRe! er frianguicAidd) amgyoes nepy | ppuy

S f oy
Cwh I T

P

d TGt 00T G E R0 T 00} - R TRIC, 1k Yess shopoin | No
CWE| G iﬁqulrl@q)Qld@élQQﬁ)élmubad)xélﬁlﬂicﬂﬁe hézder PCNo The| Yes

cwpay! 9300 1eader10001 @1206xaNP! (€0:3208C5t S | Ofes24 bi { Fes No

cws P eG4 0615 16661 o1 F00T) A 6kCCBIBL | Yes Yes | Yes

CW,y [011100110010110001101100] | 0x732C6C No Yes No

CWs [101100011100110010110001] | 0xB1CCB1 | Reserved | TBD TBD
CWs [000111001100101100011011] | 0x1CCB1B | Reserved | TBD TBD
CW, [110001110011001011000110] | 0xC732C6 Reserved | TBD TBD

[0109]  As shown in FIG. 14, the header bits are preferably evenly spread over most of the
transfer frame. The payload is quantified in units of bytes. Any excess payload that does not
constitute a byte is located at the end of the payload. The hy header bit can be offset from the
beginning of the transfer frame by N bytes. Header bit hy is offset from hg by Nosset bits.
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[0108] The header includes one of eight cyclic

per mut ati ons, CW through CW, of a 24 bit sequence.
\Ndh@MhﬁHder sequences and the correspondi ng i NECT/ES2005/032917

type are described in Table 1. L2 on the transmt
Eachjrgrmaigilzehaaden big inpgnetgied fom tequevices hizdsetitdry Nig. bits. These

o B Bty A P O0Rab L B I0EY 5 o105 SPTBD'Z, g8 Lt

a% 'shown 1n

le:ng'ﬁt’xli%I & iMeglBNGhbE JIDIER! thSABMRP LR ofhE DG Btk oﬁsthé/ﬂf\PBU(%ﬂgth is not

Qop. Hexadeci mal Transport RLS RLS Sequence Binary
an mt@gmbnursbrqﬁ ytes Fie iheades it sieDichddDg ditber zmzz blts as shown in Table

2. FSRAAG0RAD 15 DR oo 110! BRSPS YGRS Jts b and

o OISO I B .

(if they1act00 hpp&at O GG 1t (ﬂ]ﬁl@.ﬁi)ut@f TB2@R0Gded0 Witholaspréading, a very small
b %@%]12#00011 00110010110001 1CCB1 Reser ved TBD TBD
ut GHET1 18 Y G2 0A! Brfi SQgUeRSSRINAY Heatgforepre e the use of a

el RSP GR0LAOONERION DAYy Y ETRRER 9 e

avoidrany drhgrr thbi mighv ecduy ifsthe peededing deawditg avfL1tibiRot optimal, resulting in
transfer fr ..JThe payload is quantified in units of
CITOR\ AN ‘?eéﬁ?ﬁogﬂgé)&gpayl oad that does not constitute a
byte is located at the end of the payl oad. The ho
header bit can be offset fromthe beginning of the
transfer frane byl'dda?.t Hoydee Sprebid Rdeneldrs hl i s of f set

offsetbits— 18 WD 2004/ 036795

from han
oMo

Each remai ni ng header bit is

bOS/ 032917
ed fromthe|pgyi ous headeN it by Noffset
pend on t

Header
Length

t(%us)

L1 HsET/ US2
LenSiBPRr at

. TPEBonIRet tmfigpene o Pk o ebu ) e
)é?oof byt es, tHﬁF[ﬂe%W)ﬁéﬂ]gﬂh

n?egr al nuni ‘ weriengt |
O,?I f—the i I cngl :ISI th%"ﬁé i ||}2§a;% Eler
th[Klga(f Iel ;l

IJI LD)

<2000 an |
24 bits
nunber

24

33
%2”
| S

byt es, the eader
or 22 bj{g as shownipfmy Table Z.

emT[mNsta%t)B@]J s |24

Viterhi decoder |at

O

s 23 bits, h23 is|not used. If

L1. Erro?s (it thtﬁ%@@gr) appeaWT[@—Nstastt)&3}at1tl*é3
Sequence, nay therefore prevent tihe use of a nearty
that m ght occur if the precedi ng decodi ng at

>72@® bits,0h22 and h2B-3006 not us
Out put 1 |. ||C UC\/U bl. IIUUL Cuul T 2 Ve rm' I
1P jaE0m)
perfect PDU. Spreading the sequence elimnates the
and geserngpasithefollomdegil ting in errors on the edges of the

recei ved_after heihg decoded by
burst o errors may corf Qﬁﬁ Sﬁﬁgﬁﬁkaé 22

[0110] 00 EH® redtiGerN QFSIE Fedefvid £ $hsibP fraﬁa\é%{n any L%?F&%sses the frame
PDU.

frame content

/

boundaries of extended content, if such boundaries exist

frame integrity management

handling exceptions

Using the spread parameters for a given logical channel in a given L1 service mode, the 1.2

header bits are collected and put into a continuous 24 (or 22) bit structure, marked as S;.y. A
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Tabl e 2. Header Spread Paraneters LI PDU Header
Length, L Nstart Noffset Length (Bits) (L MOD 8) _
W@ Biou®y670Bi ts) (Bits) <72000 0 120 | NT[ (L- Nstp€t/psR43/032917
- 124 7 120 INT[(L-Nstart)/23] - 1 23 1-6 120
corqe}qpp(l IProgsssaeh the zeqeivediseggence WAHHOACH phssiifle @Rpected sequence, can then

takéi)\%‘[;a(ZL Nstart)/24] - 1 24 7 L-30000 INT[(L-Nstart)/23]
3 1-6 L-30000 INT[(L-Nstart)/22] - 1 22 [0110]

[01T10F r ¥REIS tran WFSI éﬂnﬂgnegi WiRA S REr E}{?Zﬁ?)o%f (ﬁrgw ng channel

L2, processes t rarre term nes _
frarhe.ame cont ent boundarl es of extended content, if such

aries exist frame integrity managenent
[Olﬁgﬂdl iThg PEX QY im0 b}éﬁ Wdelﬂgﬂé ag phrovedingdfatét dihe niast S]gmflcant bit

of eggmvﬁﬂd g%%fro% nctjﬂg ?egf“ Cléa}yFr % ?%%ﬂ%}rﬁa H'Igac?c%{sshlpbselgggdﬁrst —1. e bit 0 is the

firsClsininitetleaua BAL( OThe PDPEdnt& s betdefifed B%éﬁr%f*al @ente Fe1dsAvithin the
19 WD 2004/ 036795 PCT/ US2003/ 032917 correlation

PDY; dheskypstbit isenarmaly setdtoszstpue Habisbit s et tho ssidihder of the PDU

con b e P 0 SRS T eh o it R Pppsmat attmps
to QlarditdaStHe! abiligN#¢|broddcatBihe | sivhrded TAE FR, lQ%hl'i’pl«ilohﬁm’ﬁgg negligible

bits in length as shown in FIG 15. The nost

capagiiynyet pegnieinimigirobesnasach field is shown on the | ef tb

10153 " 7o S Pl RNy confi B s den) venabieoeipgion message felds o
ipal d

e R Soh e BENBA ORLLAL, e, the ibflage 1 feld

can bhjup thH8 bitsinalength and e messagencharenas art deteRMded 9 Miecstits of the first

mesgizt DA ST 1o A wBier b H Rt éﬁ%g@flé’s%@fe&bﬁfoﬁw field are
zerde@. I BRACAS khdnGe E}Hééé‘élgyé%s%'i h‘&ﬂh'c%n{éﬁ ?Ih@@ by MSG D 1, and

negli gi bl e capacity et mal ntai ni ng ro
mespage 13is Rgipes, OvikDlmgtiaynd eoh@ht defined I‘lﬂleNES@QDtZ In this case, the

compiseis S AtV PSRRI B PR SRRIENST Hike ARt bits at the
end lof th&messdde Ja)RalBE 3RS ded | G4 message structures are provided to meet
potential broadcaster needs. Some broadcasters may want to send short call letters, while
others may want to send long call letters. This system supports both. There is a tradeoff in
that the long station names will take longer to be received and displayed to the user at the
receiver. Each message serves a different target group and a different set of variables. Short
content would use message 1, and long content would use both message 1 and message 2.
[0114] The definitions of the MSG ID 1 and MSG ID 2 fields are identical. Any message
may be placed in either message 1 or message 2 provided that the total 56-bit available
payload length is not violated when combined with a second message. Longer messages must
use the single message option (Ext = 0).

[0115]  The station ID Number is uniquely assigned to each broadcasting facility. The
station name has both a short and a long format. The short format may be used with the two-
message PDU structure so that it may be multiplexed with other messages and thus can be

repeated frequently. The long format requires the single message structure and may be
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can be up to 58 bits in length and the nessage
contents are determ ned by the state of the first

woremgagw9i D field, MSG ID 1. Any unused bits apCt/ig20e50a32917
zeroed. If Ext =

f. the ness oad 1 field are )
exte d e(i AZRSY Wgﬁ&’g%gﬁyé' ﬁ&% %(Hmaé Rt be Bsed te ddangify statiesfsihyeimoderately
lond¢xMemg D 1, and nmessage 2 is active, with length and
contents defined by MSGID 2. In this case, the

 [01t@lbi Thel Atsolith 9 a9ér Ul&amwlﬁfﬁséag\??gng‘tﬂ:f ?glﬂg%cgltagPs the 32-bit

Aﬁemt han 54 bits. Any unused |

e HgEemeg osdy bl dlemezsriod ¢ointidennwith algestart of L1 block 0. In
t e Qv d et otential broadcaster

ol P A B B N T nrn e Sanngs b ecal fame mumber

at tHeattrhe ftds byddidbast oO$BE Gir MY/ biVBH bf hPIHE
etters. This system supports both. T%ﬁéﬂlﬁzgs QPMSGH) 1 or MSG

ID 2 96 bs¥ gne;, the ig loekddgn @RSt tane.on names wil | take
ng t Q. be received di spl ayed to the user at the
U103 Sei, Srbad iy PG Vi "ot e ndrentosgene ghenipie three
dimé’tbnal Mick VAT t _cqntent woul :
lmuse eSS a%? ?i,‘]thaeﬁ%&il@f#g %&R?@%@ﬁﬁ%sﬁ:gg{eagaé gg‘f}h P%E@%rh ormation
may bearer hie wagerifer fof pdsitih deemitedtion] Posifisn affotdRioNBSsHiR into two
mesla gnd l\%GhI Dd2- fields are_ identical. Any nessage may _
BEHT 48" 279 & loWeRorhiens s Addude &y innitsafemetass sVviGdéie. the LSB is
i kA ofraki ) ' . oad Jlenath is not
T eat wek afd loyBlfle A0bG B RSl hfedts The L5
Is eqnad dagé8l9Pudegreass e ThaeMSBnigl the Ness dUE W H¥lidakst tha laennsphere.

.0)..[011 he station I D Nunber is uniquely assigne
POSI?%)C lggg%u%é%ggfrp%t pagiensiiprthofehe gquatoro Pasiiive lomgitudes are in
. the dastth en$i a I b am T h format nay. :
®be used vgxﬁgﬁrﬁ tﬁgng%le ?%ltgtggage %Uqu ?Ougﬁpr @%§18 Heﬂﬁ’lsglplte latitude
valugseaye betweah +9(hiek €2D. WwAhythivighsitsi dE6SMERSTaARS it MHS1iEARIA96 shows

repeated frequently, The long format requires the
the f%‘i“%gPtﬁ‘ﬁé&élgggo@PPﬁ&fwﬁaﬁd may be 20 WD 2004/ 036795
/ . ende r oss |tjple PDUs, This
o PR R AR o VHRRT P 350k Fidafiy aeck R he cre
is compdeedaiastd on lalingB bigxdf Gib It - fiel @1ih6he BT
payl%%g)@r 1 Frane Nurrbler (MSG ID = OOl%econt’épglghﬁgmused message

stwhigh prg alwaysiet toeement s every LI frame period
of .LI blo . In all AM

T Chth k 0
[Ollgﬂd ngk??@?\? :%génsRéla g@géa?%téwgm tp gta%pgst gerpbsolute L1 frame number
in a sdfal €5hsids The thigatas H@reﬁt{@%@uﬁgﬁw g& Bﬁ%ﬁe& LA e %ollowing

i s broadcast over the air.
descriptiogarlal koth cafes MBS vialielofoALRBGo HeDirsniiteds 6tertthe PIOS channel is

updapSobighi Fih PF RSO0y Shotet biRime! cat eb < he abeol Ut e
[0120]r eRefeRiABRSFRNA]S %)8%%’1 :Sg/gte fPlto@gss%%? %e? ?%hitsp %J&i,slgxggivided into

br oadcast ant enna. ationn
two losteiti gtoyps,nenerlelbaed/ 616 frooughodd 1t (1611.918%) @hAIoRBUAHRd dO through d15

iWti .nformation is split into two nessages - a

(16 ]\ﬁ%ﬂ e{%]g %Jﬁﬁéﬂt% frrther sahdivided intp paighpnd mapped to the two-bit
Adv ADBNSIeR ¥t dh Pibs Bi k@%ﬁ al 16 ppters

Latitude and [ ongi toﬁgg{%gr ict)l? Rlol%irg}%t ﬁ‘é‘@a‘ﬂg ({}’ﬁaﬁﬁtarr%h’aadca“ at
blockfefheach frafiee AIFN bits d28:29 are broadcast at block 1 of each frame and ALFN
bits d16:17 are broadcast at block 7 of each frame.
[0121]  The processing sorts and sends, over time, the ALEN bits. The sorting method
consumes negligible capacity, but allows the receiver to reliably recover and maintain the

station ALFN, even when the PDU is impaired and the cyclic redundancy check (CRC) fails.
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is equal to 1/8192 degrees. The MSB is the sign bit,
whi ch indicates the hem sphere. Positive |ongitude
WO 204@367p8pr esent positions north of the equatP€T/US2003/032917
Positive |longitudes are in the eastern hem sphere.
[0122% g iATI bitadds ase Eurthenpybdigded mto-p&igs anchinkgped to the Adv ALFN
. 1ssyhle lLatitude values are between -90 and +90.
field B bRES Huher T gen

I'ng ‘ese ranges is invalid. FIG 16
012300V ayéhe SOEBLdbcol Neack! @ddsOffot | ofy ppf i gn
[ [8118]ayEach PE)U Ié tcgrrri nat ed Svmﬂ(t)thﬂégﬁq%- It C%F?% regard to
broadcastingiha dpnehmeibet. CRE) fradht euBBE: is ipart ©f dpRIDS lbgisddhamel, which

i hafied BY 1o o8 oA Mot B eBiaeSmOi: the aicuminge afdbe AGTN being
sent Z518s td B¢ %%al@?%ng #B?oe?af‘ﬂ%ﬁﬂﬁé itH %Q@cta&c‘ two bits to
the absolute L er

oadcast rane nu in a serial

[012#hshiwhile The predenmtiniéhtidh f har ®aén fdkcoWiand tbMsaSf its preferred
outlined in the follow ng description. In both cases,
embadiaerfalt yall e undemiopd by éhase akibied in tid anvthat vareusinpdfications can be
c el ks _supdat.ed Lhci.dent wth LI, bl ock of . each
madf R Hiach e PBEBAERAE PG B s th O By oo as set
forth B 0eeRsingg, the 32 bits are subdivided into two
16-bit groups, one |abeled d16 through d31 (16 LSBs)
and one | abel ed dO through d15 (16 MSBs). ALFN bits
d16: 31 are further subdivided into pairs and mapped to
the two-bit Adv ALFN field of each PIDS bl ock
starting wth block 0. ALFN bits d30: 31 are broadcast
at Dblock O of each franme, ALFN bits d28:29 are
broadcast at block 1 of each franme and ALFN bits
d16: 17 are broadcast at block 7 of each frame. [0121]
The processing sorts and sends, over tine, the ALFN
bits. The sorting nethod consunes negligible
capacity, but allows the receiver to reliably recover
and maintain the station ALFN, even when the PDU is
i mpai red and the cyclic redundancy check (CRC) fails.
21 WD 2004/ 036795 PCT/ US2003/ 032917 [0122] ALFN bits
dG 15 are further subdivided into pairs and nmapped to
the Adv ALFN field in blocks 8 through 15 as shown.
[0123] Layer 1 of the protocol stack does not handle
ALFN directly, in regard to broadcasting the frane
nunber. The frame nunber is part of the PIDS | ogica
channel, which is handled by L1. In all AM and FM
service nodes, the relevant portion of the ALFN being
sent applies to the actual franme nunber at the tine it
is broadcast. [0124] While the present invention has
been described in ternms of its preferred enbodi nent,
it will be understood by those skilled in the art that
various nodifications can be mnmade to the disclosed
enbodi ment w thout departing fromthe scope of the
invention as set forth in the clains.
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22 WD 2004/ 036795 PCT/ US2003/ 032917 What is clainmed

is: 1. Anethod for digital audio broadcasting
wa@owp0sEdhg the steps of: receiving a plural i pgr/v52003/032917

data bits to be transmtted; formatting the plurality

of dat a Whatds ¢glatmeedds:pl urality of protocol data units;

ti header .bi.t.s e I ons Wlthl t he
pr ot ocol " dat & e forgfged BRAS bropdERhed Stumtinn B i
to nodulredesvife ngmlty $0daBfbikas bé ﬁ—al%nh@ed?r oduce an
out put signal . The net hod of claim1, wherein:

i ndi vi ddemastingsthe plurdlisy elcdatiehitsintos: pimahtg@ff ptdtouod data tinits;
evenly spaced .l o s in rot.qc data units,

SOy TRRREE Rt bisd Arphdban SRR Wiy Hegtroiorl Wi it and
header l4ﬂllsitn$ thé pEHt@;c%@tdatfa rLﬁif& ) nﬁfaﬁha&f g)hﬁalﬁ %‘ngs%t ﬁ'oduce an

units. he nmethod of claim1 In t hea

outpyt signatonpri se one of the foll owi ng b| t sequences:
[110010 1000 01100(6%% %1‘11 {Vg01011000110110001110011]
[ 00110070110 f 9§1#41001011000110110001]

Bt e T A e e S
protéol Pteunis. hod of claim 1, further conprising the step

of : scranbli th I r lity f data bits by
gener at ?’ng aD[glg Eerﬁlr‘ild modul o-2 addi ng

t he pseydReand %ffih%@igﬁie?% 1E Bﬁ"séﬁfo B & of@he %Bﬁc%{l{qguts

of claim1l, wherein the protocol data uni
pr ocessdd i nTae méthodibf thimfl, lvdgredalthe heaaleebﬁs aoEipeRCohne of the
Q9 channel is scrambled and encoded separately.
fono?” gl’ﬁ'gsei%‘?%ﬁ* of claim6, wherein the |ogical channels

operate at differ eghooq@]'tlggop@@wé?g?djpon a service

node. 8. The netho arm each | ogi cal
channel is scranbl éQDIQélOﬁ)Qll(bllﬁﬁ&lmal)l]I]engt h

PCr ATl g, seauenyishaRhidit sk o I
[110011001011000110110001]
[011100110010110001101100]
[101100011100110010110001]
[000111001100101100011011]

[110001110011001011000110]

5. The method of claim 1, further comprising the step of:

scrambling the plurality of data bits by generating a pseudorandom code and
modulo-2 adding the pseudorandom code and the data bits.

6. The method of claim 1, wherein the protocol data units are processed in a
plurality of logical channels and each logical channel is scrambled and encoded separately.

7. The method of claim 6, wherein the logical channels operate at different
rates depending upon a service mode.

8. The method of claim 6, wherein each logical channel is scrambled using
a maximal-length scrambling sequence using linear feedback shift register with a primitive
polynomial.

9. The method of claim 1, further comprising the steps of:
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pol ynom al. 9. The nmethod of claim1, further

conprising the steps of: 23 WD 2004/036795 .
wWEOAH082003/ 032917 interl eaving the pluralityPof/uBions032917

assigned the interleaved bits to interleaver

partiti dntstleaying therplppslititeftbils; i nt er | eaver partitions to

frequencgy .partitions. . transmtter for digital

audi o bra%s&gr&eggfﬁ lﬂgaﬁfg%vﬁé?’ftg‘,@’r@{eﬁe?@éﬁi‘mﬂﬁ?& i“?—,‘gei ving a

pl ural i tyappfngdad ﬁté@kﬁx&rbmiasnétbq&gﬁé Slflf)%itiﬂﬁs@ns for

formatting the plurality of data nto a plurality

Its

of protdOol datransmittsrifer, digited pedib broadeesting comprisamcer

bits at spaced locations within the ot ocol data

ni ts. TR A g QG o B LDk n s 1 o

modul at endn® Fdi Blrhdningfhe GMBIST S dafh bild RS D1k Sk R

si gnal . 11?[1 The tran%grari tefrg{l ét? cl zfi m1 Olfﬂ \/\Ez)r el }1& %% ocol data
unit$;ndi vi dual ones of the header bits are positioned at

evenly spaced locations in the protocol data units. .

12. The %%%Wt%ﬁng pader ﬁitsrﬁtfﬂa}ce%&a@w:vvlm thegrotgeal data units;
and Of the header bits is offset froman end of the

protocol data units. 13. The transmtter of claim 10,

wher ei nmdass fieaddrg the tpotocoipdats enien® wbdilke a platdl©won garrers to

bit sequences: [110010110001101100011100]
Pmdtlﬁf‘oﬁfb‘i“?%digféfllooonloon] [001100101100011011000111]

[110011G9101%90Q1/ -QQ%]: .| 1110010110001101100]

[ 10110001110011%%15?%%61‘:00 1 mm[lgé%l}%%ém1001_01100011011]

[ 110001 1ridp 0 dq:0 04y GifkHer@dr btk 4re pstiohsdunefeily paced locations in the

claim 10, further conprising: neans for scranbling the
prOt?ﬂogij%{?P?@S'of data bits by generating a pseudorandom

code andynodiheugndflflld chllf 185GHdgRaNdom code and the

data bits. ’ '

a first one of the header bits is offset from an end of the protocol data units.

13. The transmitter of claim 10, wherein the header bits comprise one of the .
following bit sequences:
[110010110001101100011100]
[001011000110110001110011]
[001100101100011011000111]
[110011001011000110110001]
[011100110010110001101100]
[101100011100110010110001]
[000111001100101100011011]
[110001110011001011000110]
14.  The transmitter of claim 10, further comprising:
means for scrambling the plurality of data bits by generating a pseudorandom
code and modulo-2 adding the pseudorandom code and the data bits.
15.  The transmitter of claim 10, wherein the protocol data units are
processed in a plurality of logical channels and each logical channel is scrambled and encoded

separately.
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15. The transmitter of claim 10, wherein the protocol
data units are processed in a plurality of |ogical
wa@ b@nnad79s and each | ogi cal channel is scranbl ePlCEHIS2003/032917
encoded separately. 24 WD 2004/ 036795
PCT / USZd@S/ 03Ehe 17ansBitteT e ¢laiamdfi wheweinotheclogical d&@nnels operate at
i cal channel's operate at different

i e[ t he
7at égte%% P%gp%lpaosr?rvdces@P@‘? ce node. IT The
transm t1t7er Atfhe GlaRbiitedP of Hﬂﬁﬁ Qanﬁ ﬁ 20 n@l%al CRAMBLL scrambled

is scranbled wusing a maxinal eng scra

usmge@] uemmahbngtg fcranghlingf seeplbimek using flinedre fiedbaek Nbllit hregister with a
[ |ve ol ynom al. 18. The transmtter of claim 10,

prmﬁ{lj\( rising: means for interleaving the

p! uralltm Of Tk biliner A UM 100 ek dbits to

interl eaver parti tsi ons, rmbpl ng %#ﬁ\f%erl eaver

partiti amsng dorf m&mlaamng th)aIpIUrztlit@nﬁ b1t19ass1‘gniﬁg|t thedinfefleaved bits to

cei Vi n ital audi o broadcasting signal, the

inte fﬁﬁ?t g"é’ﬁﬁﬂﬂ 3RYIng @feélﬁéveépamfle@épﬁeﬁgenﬁy ﬂm@lh@%ﬁ

audi o brjgadc L 191J %Ll

carrier s)lg' rm%ﬁl‘dat egsz R wﬁ% {i’fg{:té/lrhglfiﬁ)prg occc}ngdsé‘%%l’ the method
compmingtheemphobf t he plur aI ity of prot ocgl dalta ulnl ts f

conprising. . a plurality of data bits and a plurality o

hegger ByFiying a ét%fé]ealql%@&ﬁde%ﬁgnwsxgnalmmsnﬁmpmm of carriers

t I es

modtAlcR 47 e IO Bk 3L 0K o TPl of SRER Gata unis
compmtihgd pbiralith af dutd Bits \whe agilmalityredihchdbd dlts on c&f lob&Pns within the

heia bits are positioned at evenly spaced | ocations
protege g‘ﬂ%umﬁ’@l‘ col data units. 21. The nethod of C:C?u m

19, whe f e Lts Q

From anPdeing ey bl SR Bredphfsc ' BE0e i Reshebgsianal.

of cl ai 280.19, Thémesiod of tlairh g detierdtht S conpri se one of

follow n b|t sequences:
E Tioo 10%{18\(3 9116f eHGE @ﬂr bits are positioned at evenly spaced locations in the

0110110001-110011]
prot({[cggﬁ%%% 1100011011000111] [110011001011000110110001]

[ 01110021.0010Rd methdd 0 d1h 19,[wWiH#i£0011100110010110001]

a first one of the header bits is offset from an end of the protocol data units.

22. The method of claim 19, wherein the header bits comprise one of the
following bit sequences:
[110010110001101100011100]
[001011000110110001110011]
[001100101100011011000111]
[110011001011000110110001]
[011100110010110001101100]
[101100011100110010110001]
[000111001100101100011011}
[110001110011001011000110]
23. The method of claim 19, wherein the plurality of data bits are scrambled
by generating a pseudorandom code and modulo-2 adding the pseudorandom code and the data

bits.
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[000111001100101100011011] [110001110011001011000110]

23. The nethod of claim 19, wherein the plurality of
walaia/0ki7vs are scranbl ed by generating a pseudpCHISING/032917

code and nodul o-2 addi ng the pseudorandom code and t he

data bi¥s. Zewstiabaldders HETIUSRIOGOOB Ak un2s are arranged in

: d,of claim 19, ,wherein th t ocol . dat
T O U
and eactps| 0giTgRImdtha sl aim 55 Ghaehy tﬁglogﬁa%&ﬂﬁﬁgfg%eéate at different

separately. 25. The nethod of clai m 25, erei n
rates dapending eprarmerdcaopedat e at different rates depending

upon a rvi node. , 26. . The t hod, of cl ai.m 25, _
wher ei nigachcil%ﬁgrpgg?d 6’? by zg‘sswg‘?f?lén%ﬂéd(’glﬁfﬁi Ghgngel is scrambled
i IR R u in i near.- . )
. eedbaé?mglﬁig%? Sr%egi st g r g%utérﬁgagﬁﬁg ilfrﬁnééri %gh%%ﬁy%héfrtn S .Ster with a

pringtive pimomealhod of clai m 19, wherein the plurality of

bits arg I nt gﬁi‘l eaved; ssigned to interleaver _

partitiohs; aha meed pf elamedde whergin theindwralityrof bitspse dnterleaved;
assigried f lOCHUSTRGY itidrls! QNG LR LEEsLY

%ﬁdi gital aueé i'o br oadcasttP%SmSeﬁ%Jnvgf ,%La%ﬁﬁlgn;r %geeﬁ\?/ai)ﬁe&’ o Qﬁequency
partigonypr i si ng: means for receiving a digital audio

broadcasgti ng ,si gnal conprising a plurality of
carrier ég dt ??@Herbf?r Fepivinea digipal pudigrtypasleaiting signal, the receiver

Comyﬁgiﬁgs, each of the plurality of protocol data wunits
conprising a plurality of data bits and a plurality of

header Ipicass ft respiaingch digtataudiosroddehsting sighsl dhgrieigla plurality of
.dat a ni%‘é' an(il means, for producing an output signal
carripyy IP%@%% by e PlyrAkdty At protgeol fag wnitsppash i dbe Phwplity gharotocol data
units?@mpHifhe! LAGIMUE of Unta iR -r"'.ivigalons s
of the ﬁeag%ler it sfagl(r%ééggg i%tgijlhg\rél\‘fcgt Ogih Qaéi\?feﬁllgsyatg %Cg a0 Cafigns within
the prefoertlidatasmitsy anthe prot ocol data units. 30. The

recei ver of c];l aim28, wherein: a first one of the

header BISfY Q€ HFWEMSt A nowpLte igndf in Hespensst de othe ddigial audio
broadikfir sighei. The receiver of claim28, wherein the

header Dits conprise one of the follow ng bit

sequenc2®: [ THORLATGAIOLIA PE0ORKAO0]

individual ones of the header bits are positioned at evenly spaced locations in the
protocol data units.
30.  The receiver of claim 28, wherein:
a first one of the header bits is offset from an end of the protocol data units.
31.  The receiver of claim 28, wherein the header bits comprise one of the
following bit sequences:
[110010110001101100011100]
[001011000110110001110011]
[001100101100011011000111]
[110011001011000110110001]
[011100110010110001101100]
[101100011100110010110001]
[000111001100101100011011]
[110001110011001011000110]
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[001011000110110001110011] [001100101100011011000111]
[110011001011000110110001] [011100110010110001101100]
W 1@1080041100110010110001] [0001110011001011PO0LSBALH32917
[ 110001110011001011000110] 26 WD 2004/ 036795
PCT/ US2(333/ 03ths recedver offplaim 8&.evhesain gfe plirality o €lata bits are scrambled

' it f. d it nbl ed
oy AT SRR bk 86 R i RIBPSRE o8 t e a
bitspseudor andom code and the data bits. 33. The receiver

of claim28, wherein the protocol data units are
arranged3i n Thepeagiver of glaph 28,0ufieceih thehantvedlsdatnuhisacharranged in

« oy ERLoer ARGt B G R SE A R e Fsiaied separaely,
channel sq0permeeredtiverdof f@liRNB3 " @hbRid GRE 'I@gi% SHARHLIER operate. at

~service node. 35. The receiver of claim 33,
differemttratedgperding hpowrredervise modanbl ed using a

i el bl i ng using 1. |
f eedbackshi THIeHEGITch! PP I3 PR $150 doBGRy fhyred is sorambled
usiné6a HAEmALEREN l%creﬁﬁblﬁlgagéslfgg&e UGS GinBard ?%dﬁelcﬁ{ ittt ¥efer with a

its are interl eaved, Igned to I nterleave

pringtive palymomsal. and the interl eaver partitions are napped
to frequenc artitions, .27 .
q%% y The teceiver of claim 28, wherein the plurality of bits are interleaved;
assigned to interleaver partitions; and the interleaver partitions are mapped to frequency

partitions.
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