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[0001] This invention relates to In-Band On- Channel

wozﬁd‘sﬁ%ﬂ Digital Audio Broadcasting (DAB), FC?@SHE? %%?116

parti cul ar | y to nethods and apparatus fo
METHB@ ANTEAPPARBABS ROR FORMATTING SIGKALSHOP DIGITAL AUDIO
BACKGRERNADZASTING TRENSMIBSION ARID RBOEPPAGNS Y St ens

are designed to permt a snooth evolution from current
anal og Anplitude Mdul ation (AM and Frequency

Modul ation (FM %ﬁﬁﬂ?ﬂ\f\%ﬁ’ﬁ(ﬂ gital - Band

On- Channel syst g@fﬂ'e‘?e—mr'Can del i ver digital
[0001]audibs iavahtica tetareserd \bh-Besd OA-ChamR] TBOCY Pidi@bhBdio Mdhdcasting

fixed receivers fromterrestrial transmtters in the

(DAB),3dsmpysgpaviisaiatn topmetheisrang anpRytug for fasmetting glgnals for DAB

mgmgs;&l%&a&g%g tioyHF) radi o bands. Broadcasters may continue
to transmt anal og AM and FM sinul taneously with the

new, hi gher - BACKGROENG QFOTIEE INVESTIONIi gi t al signal s,
al | conversion fromanalog to digital radio V\,hlle
[0002] Lﬁ&"g”ﬁ d d

ARgsYEGRS g designed e mermiAla weaoth @miunqmﬁo@] current
walog it MM VAT RET L U ER BT Ao g o

In—BaHCbQo-éli\aamzl systenf. oThest SystdBot d:anAMhmcng}M hmagmﬂ data s?]rwges tg
an BS| al. s can transmtte N a Il

mobile T GHEPEPL FE TGO Py TR B 6 cUoe

Frequeﬂb?r(m 4R Ve Iﬁg%rﬁrédﬁeﬁﬂ’ygg@?ﬂe i afﬂiéé gSrﬁﬁcﬂg‘.fl‘érﬁ gag{r Bdengﬁﬁ’epto

ital formt whé sign
transmikarajag d Ifl\g@(;mmBequéq UFithethie mewn hngh@?gpahtyahd more robust

cigal Flfte BMI08 oBRERIA ool S b pt B bt o gy

frequenqral]Ethhﬁhnel al l ocation. |BOC DAB pronotes economny
spectrum whi |l e enabling broadcasters to supply

[0003] 4 d| bigtial AydialBregdcastingiBABD cmharowﬂed@tﬁl—flmkb’ wﬁw, supenor to

st VS A B B PP BT

can be tsannmittba eptgirid foreadmastthe exgaaw B6dukAsH &intil E@ms&" WiRAIhe
a standard AM Dbroadcasting channel . ing this
currently pdragtnalem sigpab crrtnwbalhélm doret Wherp dhetanelga eigna] has been

cninpd ORI D51 b ASHERE RS, i s
is transmitteeh withinrthd s;mesalana‘sk nfsan e‘xistmgeﬂtMrmM aﬁamdelkmo@ﬁoﬂnm@tg
a pluralit

, rams Si nul t aneousl vy,

DAB P‘ﬁ gt 5?9"9%&9%@81 whife, engbling PyRadcastess & HiRp d‘é‘&%%l quality
audio to%gﬂ}ésgn@am@eg&p that enconpasses the first

frequency spectrum Each di g| tally nodul ated carrier

[0004] si GnaAM SBOCMARSEst,, set forth in U. S. Patent No. 5,588,022, presents a
muethod for simultancously broadcasting analog and digital signals in a standard AM
broadcasting channel. Using this approach, an amplitude-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
plurality of digitally modulated carrier signals are broadcast within a bandwidth that
encormpasses 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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by a portion of a digital programsignal. A first
group of the digitally nodulated carrier signals lies
within the first frequency spectrum and i s nodul at ed
in quadrature with the first carrier 1 WO 2004/ 036795

WO@%&%%%QOB/ 032917 signal. Second and thi Egpﬂgﬁgsz@%ﬁf]

itally-nodul ated carrier signals h

signalaSecohdwet third prdeRevfds: dgitaBj-dedited Bfrdd s{ghbls fik ﬁgﬁ_ﬁ&%ﬂa lower

d 5ﬁ§ct r'#mﬁﬂ\%fﬁ‘?pe nodul at ed both i n-phase and |

sidebanfis, Qusifle, o the; first Freauency spectmpy #dedre naghlaied U inpiase and in-
dr@k Wil s S ogﬁ@@l‘ £ di.vi si -

Tt ilpl exi ng a@é‘—'%ﬁt 0 aer‘I 1?%%“&0%1@3&@““3' division

multiplexing(QHPM) ta bdaNihe BdmEMitRAGOMBtier St ens have been the

ubj several United States patents includin
[0005§,at Jgﬁf EB(]% _Dﬁg%& pydengs hpve deey the zglectonf 48 geralgnited States patents
includth A3 6 : . P45 68 :
it 4B 08 0 550908, S4BTRGRE8) 544 900l s 5226
In an HBMcfiomphiilje digitaldmdicchroidoasting oystend, idiyfitalli $ndoden &l infSmation

. sijultaneously w t he exi sting anal og FM si gnal
o wan s RS0l it b ol el <. Sadvangss of
digitalarelbrisdirCio B | ' ' | j
& and vxgisoller_ dyna?nﬁ{gkﬁ? gﬁ%% g%hae{glﬁsmﬁ* W@%%ﬁ“iﬁgﬁwf@%%‘%mc
range ERarHEY sxistingi FMaradip etaandly b liitaliyotheetybrid fbena evoukkbe used
ollowiff, bR e B b SRR 00 KPR At Y el e iowing e
IBOC Deldeievetvess foalet@izahtedibitd sighdll Satneting itthe fRMEBRhGBBOT DAB
. the future, when 1130C DAB receivers are abundant,
Tecelvels g8 g rREORAGHStIp BaY cleds to franssi the alivdigitpl forthati Hybkid IBOC
DAB &Rr e i @nl BOE [ Vj Ly .
A 481 ol A8 SERINEA 0 ) b oy
| transmsﬂl:ngllm amemllgsw signahnAﬂicﬁgiiahmO(g O AKX cat bzlf(}gidEMrﬁiaFGDLquality
All-diqgilt. DAB can provide virtual CD-quality
Stemo%déorag%r%a‘ﬁ& %&QE%I‘?@“?% th a data channel. [0006] One
[00061T O0RS Fdpdstl FROBOARED A 8Scsta ﬁﬁ]girﬂmql:latttlg dek E&b(%% frequency

... orthogonal frequency divisio i pl exe
division giiiplaxed (GFIM) subeamrieniinthe fregion fadn about 199 kHEz td 9188, away

a fromthe FM center frequency, both above and
from e SR e Bir Dbt mscbagy T st ooowpisaba e dnalog
moduldiaSiost MR frick.€ Dne BISCIBLE (PG g&frﬁ't@ QyiGf{dd s%arﬁn% as close as

)

subcarriers starting as cl ose 100 kHz away From

100 kB gway:. Epmdhe qentes froarsycy. TFie boadvedihdif theodxigting apatogsEMignal is

i i i i gnifi Iler than th

signifiN) Sl A0 Bndlyho, Sl R Crbnd Fibeaters G007

 [0007]OF AN GigaAls inicTudb H?Mﬁﬂ&@gé&mﬁpa&atcgﬁgﬂ%%éﬁlulated ata
nodul ynbo

spaced carriers al ated at "a” common s

commop gyrgbol ot Fhedepquensy spapia forghef puilsetsinebels (ess, RBARY QPSK, 8PSK
. 8RS i t

o QRF g o 205 SO oM bl e

sets of OEDMhatbeviers &t laoéd fokbMppdtRidabant USB AR PloREEgdcbihdARSB)

. ugﬁ%r si deband (USB) and a | ower sideband (LSB) on
on eitheg Sidp, of a coeyigtingr anglog E cager.n ShaRABsgbaames powérds set (DHODALS

dB rela®¥Rs Ak PVESp R WBHe 1bvi) ﬁﬁtsp&mgﬁi}ané)z& the DAB signal is set to limit
interference to its FM host while providing adequate signal-to-noise ratio (SNR) for the DAB

subcaniers. Certain ones of the subcarriers can be reserved as reference subcarriers to transmit
- control signals to the receivers.
[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
2



dB relative to the FM signal. The |evel and spectral
occupancy of the DAB signal is set to limt
interference to its FM host while providing adequate
signal -to-noise ratio (SNR) for the DAB subcarriers.
Certain ones of the subcarriers can be reserved as
: f S S trol si
B R
source informaaiini f&si @ BtesapSdoaipret idiskt(0D) iah h;q&@ﬂﬁlatagl 1.5 Mbpt down to 96
si mul t anequsl transmt both di g@tl zed audi o and

Kbps whilg gaiptaipip i 3irtoal FELORRT Gl PO RV TBOGT BAR: bisber egpession
down to 48 @bps a%dtbéﬁm Sl Sy g?(e St&ecpﬂlﬂg)l 1t§r,t \ﬁhl&h]% ngti%ll fOIF L Am

exanple, it is possi to conpr
DAB systgoor € bw&afem:ynlmthmranﬂ haingahainer feothe FVPDAB sgist&h dclo)is ddta
Mops down to 96 kbps while

Q?fg r oxi mat el y 1.

services cap, b fmplemeped gips vierCPﬁ*a?sﬁe@é%%i@% For swrtp}e polurgiy pisbt

chamelsc%@ebrgwcﬁé?%thﬁmoﬁ@%l@@ 1 to 48 kbps and bel ow
can still offer good stereo audio quality, which is

[0009] udeifed] Statt@rPatetmeAAMcamABNsy@VBmmﬁ fded Avsdsa4no99, had ki@l
e FM DAB system Various data

» t ] f
Method %gfj oF e n Baglgfsﬁﬁwg%ﬂﬁs] eFPi A C?fﬁléfﬂ%?@%&%l? Fenpayith
PrioritizedSM888des HoP 'D@l&@'ﬂﬁtiﬁ’) BRaRhihet uls¥ioRt 29@kifod glf\pgli{i&g%lglé]

be broadcast within the conposite DAB sign
assembling Jmioden fignes fos trRgmission Ap FROC MB)wsﬂ‘ems #08/i8B2cby Iificorfordteid
by ref August 24, 1999, and titled "Method And Apparatus For
YISt ansmi ssi on And Reception OF Conpressed Audio Franes
[0010] WHehpreRhd vabﬂtioéqqoxbi@ésﬁgﬁﬁlslzﬁ{d %pgﬂa%@lfoﬁ lQmentl 31gna1
Broadcasting” discloses a nethod and apparatus
processinggspeeisiof TBQL PaBewstémanes for transmission in | BOC DAB

syst ens, andm r by reference.
[0010] The p 5y Eﬁ}vgﬁ%ﬁj es nethods and
[0011] aRR&oRtalE Wit 2 iPAspErRBE Weﬁngﬁ@émmﬁ OGE RS Qvgde? 1}
0011

of I BOC DAB systens. SU HE 1 NVE
for mgltﬂlanmadxs@d@bah@cqmmihlna the stepts césrpcecwngaﬁ phﬂ'aﬁt}poféMblts to be

ven I e royvi de far dlg

transmltted 9 @158%15331{3’ ?flé]até E}ﬁﬂn Oﬁaglﬁaqsﬁ’ a E?’"@%@’ G ‘F%CBL a\t}q lﬁjéts’a
inserting héhldbhrlﬁis'a{ ¥a&dd 16tAtichs Hithsh thO@pRfoadd (51@1?@]?&){0&@ Wata fuQHITBAL dsﬁ‘x%

the plurality of data bits’'into payl oads o?
the protocah dajp phifstiy mofulye o plordity cd atreers fi preduce hmewpt Bl@gaih eader

t c lLocatiqns w.thinn the pa S

0012) - ek nipSAARERRE Eob BRpobpy o Re PpGaopetiapn e
protocol daixdi§. A FirdlRHbAME h&dE His 3l B0t £ bh BiPofltle RHRHH GGta

an output signal. [0012] The individual header bits

units. can be positioned at evenly spaced |ocations in the
bits

h h d
o013] - BRhRER Ch R ol o i PR PO bR BL e b

generating [a083&&jorah 6 BAN A HaduId-DhNeE t&%@ﬁdo%d&ﬁ%o&é &Rt @E data
scranbling the plurality of data bits

bits.

[0014] The protocol data units can be processed in a plurality of logical channels and each
logical channel may be 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.



generating a pseudorandom code and nodul o-2 addi ng the
pseudor andom code and the data bits. [0014] The
protocol data units can be processed in a plurality of
Iogical channel s and each |ogical channel may be
anbled and encoded separately, to forma
[0016] nﬁk PeraTdarcs ith a seqoadisrnerigol e ursert dnypstiony therm isaprovided a
transmitter ﬁﬁdlbﬁiﬁkauﬁﬁ't;réad&@gﬁgs&ﬁ%n%% Bné@ndok f&:&{/ﬁ{g a Pﬁl’f%ﬂpcmd%!a bits

0015] The pluralit s can be interleaved

f0 be tfa“é@%‘ie%ﬁé‘i?n% " Saeitios Giraluraliy of dip Bt ity Payloadi Rbciurality of

protocol dA@IMdnitd; inASs foBinbdPihkGleadeP bR QfHaNB i tivhs Witidn £ SMds of the
spect of the present invention, there is provided a

protocol Pé%%naf“% Bpang Sqr ugipg fhe grotosabiiatn whits Epediate aplwaling pf TS

tombmmaaaﬁﬁmig@mﬂece|V|ng a plurality of data bits to be
transmtted; neans for formatting the plurality of
data bits into payloads of a plurality of protoco
data units; neans for inserting header bits at spaced
| ocations within the payl oads of the protocol data
units; and neans for using the protocol data units to
nmodul ate a plurality of carriers to produce an out put
signal.. 3a [0017] In accordance with a third aspect
of the present invention, there is provided a nethod
for receiving a digital audio broadcasting signal, the
nmet hod conprising the steps of. receiving a digital
audi o broadcasting signal conprising a plurality of
carriers nodul ated by a plurality of protocol data
units, each of the plurality of protocol data units
conprising a payl oad, the payload conprising a
plurality of data bits and a plurality of header bits
at spaced locations within the payload; and producing
an output signal in response to the digital audio
broadcasting signal. [0017a] In accordance with a
fourth aspect of the present invention, there is
provided a receiver for receiving a digital audio
broadcasting signal, the receiver conprising: neans
for receiving a digital audio broadcasting signa
conprising a plurality of carriers nodul ated by a
plurality of protocol data units, each of the
plurality of protocol data units conprising a payl oad,
the payload conprising a plurality of data bits and a
plurality of header bits at spaced |ocations wthin
t he payl oad; and neans for producing an output signa
in response to the digital audio broadcasting signal.
BRI EF DESCRI PTION OF THE DRAWNGS [0018] FIG 1 is a
functional block diagramof a transmtter for use in a
digital audio broadcasting system
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[0019] FIG 2 is a schematic representation of a
hybrid FM I BOC waveform [0020] FIG 3 is a schematic
representation of an extended hybrid FM I BOC wavef orm
[0021] FIG 4 is a schematic representation of an all -
digital FMIBOC waveform [0022] FIG 5 is functional
[0017] bhp&:kéorﬁérég %Hﬁ%{udtégﬁec% reé%ﬁg%% 3o} CheRtf 1%1%9{81& L BURLS
a transmtter n tal

for recewhig@aﬂ@aisiudh:g:r&adﬁzts&m SlétﬁQZﬁﬂ méthdd coﬁlphﬁng'lthé wad dfomediving a
bl ock diagramthat illustrates the relationship
digital audigthreadepstineotignab Pomnna@é rasplerality l96 e4rriers medniated dnd nheelsy vé

[QQ24] El G functional. bl oc

proocol Uk R T iy e VRO B na P Boduf b e
comprising al pﬂmﬁhﬂ‘v WR@ith 8RAdndtl NEkIIGIRYERBR Qs £ s ﬁ)}factfoﬁgnwuhm the

Including a transmtter and a receiver. [0026] FIG 9
payload; argl padncitg emaltpslsigodd iltaprmaemociic digial amthchrdabsaneagnal.
[0017a] | By&dcodfincd vﬁﬂ«Ba fbmnﬁsﬂbdt tcﬁfrthe b&ﬁlﬂ InvEhton, #@rd & fRovided a

1I unct.i.onal 8 ha%g signal constellation
receiver %ffﬁ%‘fmg a 411%18 caa!;z_il_'ngls,égnal 5 TETSIVS RSPy sk means for
receiving dld@tﬁhﬁ’ﬁdﬁf braadofsBngroigditl 2b@priside0D IR alify! §8 cadidrs Iﬁmﬁlated by a

bl oc lagram.that jllustrates th
plurality of 8f°g‘%°f’fo)%?ﬁﬂ“ﬁs SRR 1 PLFRY § BfPtOF%l;?‘éﬁaémF%‘Pﬂl?B‘ﬁlﬁg a payload,
the payloddroafi@mlﬁg a’tlfjldrah@crﬁ“ idd bRy Sﬁcﬁf‘ﬁluraﬂﬁﬂﬁ@ﬂsada bits al@pdc?d Rcations
ti sent.ation of various transport fra
within the (G AT g Se R PJUGIRET™ PRSOYS PlEng g respanse b’ the k@bt
broadcastinggip$ent ati on of a frane of data used in a DAB
system [0032] FIG 15 is another schematic
representation of a frame of data used in a DAB

system 4a WO 2004/ 036795 PCT/ US2003/ 032917 [0033]
FIG 16 i BRS S08is pridHEPRAWINGSof various data
tha can be used in a DAB system [0034] FIG
foo1s]  EG; 3 EHPRe! E‘O?‘feﬁ'@%fé@n?fa% frapsnptter fptpsrein 3 digital gpdio

broad { sedlnaDAB system [0035] FIG 18 is a
rod casng?ﬁr am showi ng the transfer of data to an output data

[0019] fm@nmls a sEielddid febtebdaREt 5T HobHOFMTBBC WVERTh ON [ 0036]

Referring to the drawings, FIG 1 is a functional
[0020]  HHIgckisdiselpmatic hresentatiomsimntektended GybriddiM IBQC waveform.
.gital audi 9 broadcastin The transmtter
[0021] &h& 5 é1§61§ﬁ1a Imgliesej}tztl?rb?f a% aﬁ~ cﬁgﬁal FM IBOC waveform.
[0022] FIG. 5 is functional block diagram of the signal processing protocol layers of a

transmitter for use in a digital audio broadcasting system.

[0023] FIG. 6 is a functional block diagram that illustrates the relationship between protocol
layers for both transmit and receive systems.

[0024] FIG. 7 is a functional block diagram of a transmitter for use in a DAB systen.

[0025] FIG. 8 is a functional block diagram of a DAB system including a transmitter and a
receiver.

[0026]  FIG. 9 is functional block diagram of the modem/physical layer of a DAB
transmitter.

[0027] FIG. 10 is a functional block diagram of a signal constellation mapper.




[0028]
[0029]

receiving a main programservice audio signal, an

i nput 14 for receiving station identification service
data, and an input 16 for receiving nain program
service data, supplenental program service data, and
auxi liary application service data For hybrid DAB
Uhes, @Pﬁ'a%c\ﬁ@ﬁa?b Ek&l&gr%];ﬁ%fa L&E{[am service audio
signal is del aye as s 8 to produce a
dElCayed isam dlngonah Uddok diagﬂﬂlthﬂnlllhitfa&s Ao réitiodstdp Getween
subsystem 22 encodes and conpresses the main program

protocol layggs ré@ﬂ‘altﬁé}ﬁf@ltélidgfﬁ@llvetskﬁmsoduce an encoded corrpr essed

[0030]

system.

[0031]
[0032]

dj l. signal Atira and s
F?i#gﬂ%issu u%?%”“?%“@%g%wgggsgﬁg é% ?dmg Eiggﬁ
digital signal, the station identification serV|ce
data, the nmain program service data, supplenenta
pFI@‘g 1 Amaseremiatereg@bentationolth feame dfidats ysed fpd DABtsyDem.
rvice data, .and subjects those signals to various
t Ihéps @PO%??@H&WUWB@@‘@&&P%O a?sfraamég q8ta agpdfig p DAy system.
bel ow and representing in FIG 1 as blocks 28, 30 and
32. The resulting signals are nultipl exed by service
mul ti pl exer 34 and sent to the RF transm ssion
subsystem 36. The digital signal on line 38 is channe
coded as shown by bl ock 40 and the resulting coded
signal on line 42 is nodulated along with the anal og
audio signal as illustrated by block 44. The
resulting signal can then be anplified and broadcast
by antenna 46 to at |least one of a plurality of |BOC
DAB receivers 48. [0037] The system enpl oys coding to
reduce the sanpl ed audio signal bit rate and baseband
signal processing and to increase the robustness of
the signal in the transm ssion channel. This allows a
high quality audio signal plus ancillary data to be
transmtted in band segnents and at |ow | evel s which
do not interfere wth the existing anal og signals.
[0038] IBOC DAB signals can be transmtted in a hybrid
format including an anal og nodul ated carrier in
conmbination with a plurality of digitally nodul at ed
carriers or in an all--digital format wherein the
anal og nodul ated carrier is not used. [0039] Channe
encoding is used to add redundancy to each of the
| ogical channels to inprove the reliability of the
transmtted informati on. The code rate defines the
increase in 5 WD 2004/036795 PCT/ US2003/ 032917
over head on a coded channel resulting from channe
encodi ng. The code rate is the ratio of information
bits to the total nunber of bits after coding. [0040]
Convol utional encodi ng can be used. Convol utiona
encoding is a formof forward-error-correction
channel encoding that inserts coding bits into a
continuous streamof information bits to forma
predi ctable structure. Unli ke a bl ock encoder, a
convol uti onal
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encoder has nenory, and its output is a function of
current and previous inputs. [0041] D versity del ay
provides a fixed time delay in one of two channels
carrying the sane information to defeat

wo 200 tionary channel inpairnments such a i n
O@n@a%?ve noi se. [0042] FIG 2 is a scheEr%{vﬁ%z"&%3%1'?I

[0033] e FE elitt ig tai sehentfic depesBiithtthn FoY vaBOYz dé%v»%ﬂ Eqaﬁ&zu bENfed in a
JAB wavef orm i ncl udes an anal og nodul ated signal 5
DAB§y§fellt od in the center of a broadcast channel 54, a

ir [ f evenly. .spaced orthogonally .

[0034] | Bl PECH Sl RRmsER EE Mottt ph datd gsdin anDAT

systemupper sideband 58, and a second plurality of evenly
paced orthogonal ly frequency division nmultiplexed

[0035E \pFIGF. 1§ isyascipenn shoingsheiransfetiolatdo 62 outflt@at tiging.al | y
nodul at ed ' e adcast | ower power
| evel tha%ﬁe@?@?ﬁ@@@éfaﬁﬁm conmply

[0036]0 t RefepRpits 8@ RAARACHICE 1908 RSk blodh Gt drd!vaXsmitter 10

modul at ed subcarriers are divided into artrtions an
for us, ift p shigital @pdiartroaseasting systhesi Jihattedsmsitter ebdanaeinput 12 for

.. ' ngc artitjon is a grouyp of 19 .
L e RN NIRRT .
serviceaht, aef &1 @poel6 fHriheeaivig fain oS3 sehi@ &ﬁ?:&ﬁpﬁeﬂéﬂtﬁf ﬁlﬁg}m

y

. incl uges n anal og FM nodul at ed si gnal , us digita
service B aﬁglllcﬂ fhieRic s9ta dor bybsid DA, theidnelog vemsios of the
in pREAI £ Bl locations. . Th
e S A ly S0 eheh DI Bo i Rl
audio signak orelingabf dnrandib subsy@em 22 chbvales i eonifir@Es B¢ Mamiprogram

. ti +3 to +546 .and -356 {o -546. This waveform
sevioe R il R Sk opered el il on Mesnad & spespor
and serpibasm@ltiplek GEBHySEm 0O REHSI @ émm@!ré | il -

wav ef g]r?_m [%5844] The di gi tgllhﬁ(sii gha |S§eglt(?%%fs]§rﬁria{’ggﬁmﬁmn

identificatipn gqryice, gty the malnpnessane fervice Haa, ssprlemantal phugranpseaticdats,
i . i FI.G .2, Each ' A [ .
et sl MBe B B b S e B i

processingias Hisanseddlties bilew aAdRP@satRE B IS 85 Blabkst8r R 324 Fhe
56 thro -545. Subcarriers 546 and -546, al so

. or, - yugh ) K
resulting gl e PHpREed by Fiise mellnleseridoamoent ta e RFdkansmingibn
bsystén€ BE! aRE @ bit kie 38 S | fovf05
b8! 2Bl afl o 2 WAL LA Bl 0 ma e
resulting eqsded igndl ©0 415§ 4% isGroddilates] aborgovitnht asaldpeRiRSANEI: IRRTRE
The ext ended

t ended hybrid EM | BOC waveform 70.
by bl""l?@"b?ﬁ%? it sientlican then b Snpird Progdasstibyanipnnadbdn aldenst

one of aPhE@RPGIIBOPDAB4eckReds g 6 WO 2004/ 036795
PCT/ US2003/ 032917 primary main sidebands present in

[0037] ¢ héhéyppsténd amplest crodinPetp eredicegthe sainpld o SignalMiterate and
basebanf @ana} 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

segmenis and at low levels which do not interfere 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
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two, or four frequency partitions can be added to the
i nner edge of each primary nmain sideband. [0046] The
Ext ended Hybrid waveform includes the anal og FM si gnal
plus digitally nodulated prinmary main subcarriers
Wofoﬁwp‘ﬁ sriers +356 to +546 and -356 to
all primary extended subcarriers (subgéyﬂgzgf@ogﬁéo

OVCIh@"@l 3% oded athalﬁsnetmng:iﬁﬁ]) chabinklSené@iRs, OTHR colk ke is the ratio of
transitional phase

|
infor§ oA Bis g ity an BF‘&P%Hf Fg'% Aecotne D gi o vavef orm
[004(If'|004,7dnvﬁ§85hap %s&?b d %lﬁtgclrnu F%‘F’g’r“grféea form of

requency partitions and an ad

forwagdyeucoirentios phannelrgeslidpahatinsers ctﬁﬂl@ BikhRYd iéolﬁﬂrﬁrau:s%rezrm of
ext ended

6.t hrough pper mar
mf"‘ma%g‘% PIRAR Kt l?&f‘éh“é"l;g&.{%’ gt Unlibe o hlask RC@ES a(coneolutional
encodér'1RE HRAGYy, B #d 2 foadi equency -

artiti o%ys) ora O)Stahr ouoﬁtog wp ?J%Végélgﬁné’&%y
[0041 Ear ﬂ?lvarﬂhrsqelaymrewddscmﬁxedpuimeraél}!y ax ek oshet@eR A ying the
samefnﬁ)d cp{_:a riers, -337 thraough -355 (one frequency
SRR tI‘i’) -SHeRY ﬁhangglgnp%ems, wighy anfaging and impulsive
noise. partrtr ons), or -280 through --355 (four frequency
artitions). The anplitude of each subcarrier can be

[0042£cam bis mschamplid tepabsentatioh ef fadlgybeid . FIM @0A8] wdvkform 40 SThe
wavet DRI o Gl GPLSa T E Gl 52 ol Bt s oot el

wave

54, | :
a fg'ztnﬂauﬁ?? r?f gfﬁan%ﬁhg)aﬁdﬁrlnr%? y&ll(ajlgg I?&%uefléj :g 16%5 k f;ﬂﬂ ,Ié}@%g&%mn IS

36 in A PRRSISRY HARAR sewodpliselity of ewtelyampatsd 88hogdBallynirédaency
by t.h I LI-digital
dmsmﬁpﬁﬁ&%%é?n&?/ %&t e ?g? us;e I g‘?:é O%%%B’gf ﬁént iEF‘?r 9&}@5% I“%d"‘l?‘md

wav ef
subcardq:rg iatectirbagdcasd atd lat)veﬂpcﬁ%b TeveY thed e f&ha1§g|§16&515th@5mner to c?mply

+546, w thout an anal og FM si gna

ith %ﬁ% Icl)ns -546_to0
wi reth el gignal masks; Lhengigitelly medulated stpoamiery are divided into
' pamtloﬂélrahﬂt\}aﬁﬁﬁs stlchrribQWre Q4L ad grgﬁ ec%b?a%@rt%: |A qf{‘}aquency

are present in each prinary srde
parht:omlga geatip w12 OBPM subeartiers eansioimp Vi 8 dSﬂa detivanidrsah8 Ond'Aference

subc Secondary Main (SM and four Secondary Extended
mﬁ ) frequency partitions. Unlike the primary

00 St VoSt 48 SECAIE M!S oy

artltlons

modulamdtﬂmname Maat sbchedert.r 'Ehpmrbcgmﬂa latel Ibéabsdsat E'&th)/fvlgﬁccﬁ FRfkency

h [,0050] Each deband
toatiorsy b S el 58 AP o BRI L B (9F. e Sivelom of
FIG. 2, QRe smhﬂ&rsme ak Jodalb 435@%@#546%?1 3 to g&@rﬁﬂs Wa yeform will

bcarrrers 279 and -279. The side are re err
normallgy ediged diprmgsatinifal trasitionad phise\prexeding omarbmnbnltm tHehsl1 Digal

wavefoh, spectrumleast likely to be affected by anal og or
digital interference. An additional reference

- [0044] sulTeardigir sipil kAR eat Bﬁaalﬁﬁ.ﬂ s

é’&% Fr eque%rgl partiti orlrntgr deri n&ﬁ &Eﬁ@gﬁ% %Efe of the
analog sighabt as ppityn HGcd Hach gﬁmmgmmn sdiehmldnmcomplﬁﬁealdﬁ ten
frequendy SHEHERE YR &b Li0Ra 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 : '



7 WO 2004/ 036795 PCT/ US2003/ 032917 [0051] Each
Secondary Mai n sideband spans subcarriers 1 through
190 or -1 through -190. The upper Secondary Extended
si deband i ncl udes subcarriers 191 through 266, and the

Wo [ Secondary Protected sideband includes
zﬁﬁ“z‘@gﬁi ers 267 through 278, plus additi oftd/VSPEREIR e

i j d 3 ' nd
primar§ WReRG Adbaikds Hfent ADBe hFRRI w fbﬁﬁg %Egenglég féﬁ‘ gﬁgelﬂgg ﬁfﬁg@vaeolnc,

I ncl udes subcarriers -191 throu
two, ojeBiFrquenpy Partitians tanchegiddesa the ilnec édgd eBeasiujriaary imainsideBAA,

o), 5985255 R o S5 5 S e
modulatkd ﬁﬁh&gtn?din Subeatiérd Bubdatrics $356043 156 an-Eh?S@thﬂég ldgtfso%e or
su Itude scale

.eac carrier can be scaled by an anp
all primagy exfended Fphagicrsdsbanyiersi+380 toned 55 ayd 1280 the-355)a This waveform

. user.sel ectable.. Any one of the four
will o b8 S8 alig e AP LR AR bl YreOne omsttian JO the Al
Digitalsivabefoands. [ 0052], FIG 5 is a functional block

di agram of the signal processing protocol layers 100
[0047]s Bachiprimpenimainesideband meludesnien fotiqgrntia partiichiscand an additional

e R85 DO ARREGLHS Pl HELE 5t S8 0L e
. primaryexténded silebgetsSnoide st aftieAt 339 Brosdh sk 6%{53 ﬁ@%@a@fﬁ@n 318

thro Ig% Si g'gal on the broadcast side. \éo ]
ugh O MEUFnEL PRSI Or 95} thermsh 355 owekeduensly pdititign.  The
ove: Ry el QR LA, (3 B2 (O st

P
partition) 23 18ribrought-355 Wﬁfﬁ}]cegﬂ'dmey ﬁér&f_.itn}sp‘ﬂi' 8o ﬂirb@rl]lneﬁiéﬁ’ﬁlﬁfﬁbquency
sgs Nty O ldentitication, i nforpati on_that
Pammﬁsﬁ‘d@ eef?%ﬁqffj“%_ﬁ 8§%ﬁ%&8@3§f f8 by scaled, v #n anpplitngle pesler facter of
[0048]di TG4 iy Pehnst ArBSan @ oh M itz ENRBOE ideform 80. The
Sgl roma 0 ﬁer

. .services. The SIS'recelves input
all-digitah sravefamt os soastruetbditbyt Hisabling tthe wsalog aipnkle filllyoakeading the

ot 4G ) S Sl i
sidebantlogd, 88.lin BB LA vachRE HMIR zﬁ'lbl'og Wendl ’Thtf él}iﬁaft% iwgiv?fg? in the

) unlimted nunber of cuStom and specialize
Hustrateghembodiment insludes digitallsmeodolated snbcamietsyat subbanderd Togatipns -546 to

[ [ be added at any tine in the future.
+546’“?%%§f%%1 at a&glgarl'vi ce interface 106 receives SIS and
[0049] AAT 2iigital So @ ich! Mﬁhrﬂsq@&.lcgypaﬁit{oawﬁau 18 ARdadd Bequney

.. main program application 1 al so supplies a main
Pafﬁﬂor&r%?f&%ﬁng@rﬂwtm(lwsrﬂeb@dtoéﬂ@iﬁghaigitabwamfomf Foech $06ndasy
; . The datg servi ce interf oyt put s
 sideband AR ten ek ikt (ST R Tk ety ofroed S tidioncy
partitiortsr dfmitke thefpriamesssidebands| howdvet, @ik SomfaryOMaih kqhsticy BaStions
by,the RF/transnission system 120, also referred to as
are maPEé%?afqr 10 theychapnel ¢rates withdhe pxtendsd requepeiopastitions dartier &k
the cent&fM Systens share a common system protocol stack, but _

differ
[0050]  Each secondary sideband also supports a small Secondary Protected (SP) region

90, 92 including 12 OFDM subcarriers and reference subcarriers 279 and -279. The

sidebands are 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.



primarily in the Layer 1 (LI) physical design. The
upper |l ayers are common to both the AM and FM
systens. 8 WD 2004/ 036795 PCT/ US2003/ 032917 [0057]
The Main Program Service preserves the existing anal og
tp-nprogrammng formats in both the anal og and
wo @g’?’{%ﬁ% transnissions. In addition, the MFHUBOEYPZHT
[0058er VERE SedtoRar) Ml debei i ko % ﬁ'_ )
correl ates mh t he audig prsggramrwsi ng. " E)%gr %ﬂlmu‘gh 150.

The uppsriSeemdary Jixeanderbsidebent intlades sabrafriers 190 dhipeghCHS SanAGhOhpper
The

i .fromthe .a i catiopn _encoders.
Secof 5 38k e LSBT e AT RGrisBAT FRbar s P adpipnakapirence
subcafriep BT Th owet Bec Bf@hded lsRiSkani i &GPy |

) of bot h br oggcastomﬂa% receiver agﬁ%&gﬁ%éfggégtﬁ@ugh )
266, asfl Sheolowr SecandarysRepigstedssjdeberd imclodss subarriess -26% thicmeh -278, plus

o 10| . . i nf ormat i on .exchanged at the
S R Ser 0T, THe B Rl Bl 37 i 5 A i spprom
is 396569 Hizs Ehe qugilintde af eahrvBragii e belRhled B¢l ab ¥mbRiSde scale rt;actor.

seryi ci, | ayer.,, where SDUs are exchanged between the
The S%P‘b%@’c*é‘@ﬁ“@é’ﬁ?ﬁ'@ée PEt cabg veps eqlectableo @9 puerof the four may
be selteia spplicRbiito il sbeopltl hlsigsex changed befween peer

| ayers (e.g., fromlayer n of the transmt side to

E00521 ay #G.15 ioh hinhéonaEisledkdtagsintiethe SHlEp:b@ksil 6Bl 9S00 of 2
trans at?ee not nec%gws%r%ulél{o i denti cal . However, both ‘
TR e {IL dhrgadgastipg gystomor FIGNS illnstsetes hayerontrol and
informatiGd siPlaBSRE Ydsed i | taiped
N eh, DUEEE YBsed Mgl Rl ek @t RoBRT G B gonerate an
IBOC pignad amtba brgadessisisisse of any | ayer n of the protocol
ta [ to deliver PDUs provided by |ayer n+l of
[0053f he %F? an %‘?ﬁlt & %F oUSHd pige prqvg!9 e¥ariony ssfyiqe eingluding \ae Station
Identificttiére Bervibh SIS A af HuxBRH R %U?é Tas lifYsGhee
n+l prot ocgl Zontrol inforrrg%ﬂ"lh%ﬁ&(g’ ié‘ﬁagtaﬁéﬁ}ﬁ’oaeﬁ by
blocks| 199 apd 14ayer n+2) PDU. [0062] To further understand
hi . cQhgept ...consider the flow of information froma
{00541 ayzl?e %ﬁ-lﬁ?‘gdeﬁ y BYeeitay, cqniral @P‘%ﬁg?ﬂ“ﬁc%qoﬂelnflfwwﬂ that
indirectly| acEbbhiaodiust ulef BREKAE heRBtiHPSE IdidiGl o LDfond WE" hB:
servi ce. That Eackage_ is called a service data on ,
supporgpg sgryices Theysdy receSELinpns fwdeall othéreapphigationnsolthRBhkip kttss

o b Bk P P88, e BT a1

SecondatyelBGY EratnSareicy (SIS AGe bgicROkHimeld. 086314 AN &b s2Y $fretly
n+tl PDU and its

| . .receiyes the SDU, it takes the |ayer
| ““hm‘%&ﬁ“ﬁ%?ﬂ %‘tciﬂst‘)% 3nd sprcialipgdodigitali appliqalions) jo ogrerath consyrrently.
Auxilid 6ol F ' 515,93'! ved | he SCE and creates a
. 1&}1‘2?}2}?& nog%@bgﬁga@%/e n cﬂﬁgjel s%%en sent to the peer
[0055) aykeratorervibeintetes W06 Ges s SEAnIVALS Siendiha iftisBGRE By bifows

108 if}f%' al.ly reversed as information goes up the
an«g - ot R Brpgram anplication 142 also supplies a main program service (MPS)
data signal to interface 106 as shown by arrow 114. The data service interface outputs data to

a channel multiplexer 116, which produces transfer frames as illustrated by amrow 118 for use
by the RF/transmission system 120, also referred to as Layer 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 (L.1) physical design. The upper layers are common to both the AM
and FM systems,



| ayer extracts the peer PDU and forwards the remaining
information to the next layer in the formof an SDU
[0064] In Fig. 6, a signal entering transmtter
service access point 254 is processed as illustrated

woz@nobt;l-/OCk 256 to produce a Layer n+l1 service data unit
#99%%e 258. The Layer n+l service data gﬁ{qszqogo:ml?

d
[0057]} eCehe QiR PrbdNG dSJﬂwéce ﬁsusffls?g}% %191,8 4&510%61%%@%{.%1“%%

urt her processe
ﬂmmmgaybnhﬂmpmd@gamimgaﬂanmmmmsmnsInh&ﬂ@ﬁt&k@ﬂmﬂ}&@ﬁﬁ@Smwme
Q?64 Thf i 2004/ 036795  PCT/ US2003/ 032917
can inhilg ighial gagy fig) P EOpFlBtes Bt thaudiopmarammng.
ra
0S5 SRS e Bl AT R ORESE DY 85 50 o
applicatibiencadars. r Enefollewing yiescﬁptmn\shbwé_m infermaS@r AdGREaFHHREFBhin

theprof§ 3ty sl o e CShecivg i Upase syt e appcatiomsar
[0059] €CBbie6] &tﬁéke‘ser@i&s RfOLREQL lvﬂzy Clrvill ACERS ﬁ)%l Es ml oZbe

receiver Layer n service ata units as

informgtiop exelhngawhal shet IAP isaslatred togs maawice dita ualy er SDH1 The SAPGEa
ac S point 274.

point of %%gr%&ﬁecg&ggcr @y ile ]ts%w“g{n% qr,y\g“ $ 5 %FWd Retween the

broadcf2086Viedprafidér safl@fedTi t t er showing conponents t hat
erformthe Layer | signal processing, including a

p
[0060]s c A Fisitegol Qgta Unit @’Mﬁnfeexchmgeda HewedOiber lapers (@) fr@a Vger n
- of the a%mxt gﬁ% ng[?g’ }Qeg%wé ﬁ}gé\{l ) ! Isgtjors g;?eg atin pgtlon%cessaanly

ransm Ssi O TG

identicgdr GhoeRsaT b Zran§ﬂii&ed ANS B HD Y fr iR sabfeh: e?l must preserve
]grocessor 312 receives stemcontrol si gna fl ne
the PD ?ﬂmoﬁﬁ@tﬁﬁﬂmé'@e‘&yﬂh@ﬂsq@% and SCA carriers ar e

o015 By KBRS SRR T T b B

to dthIeBPDUe prcarmaﬁ iblyileer ﬁlyl SRd irhisBHitteR 6l a PBdr AReP 8+ Chd ﬂlb' 'réceiver
sent to an antenna 320 for broadcast. [0066]

system. F% ks 1“‘-831‘ ing 1 DU pasiopd ﬁ%HSISEﬂOéwemﬂgﬁqmqifsowmwsmefﬂcn
d the bt A tter 170 and a receiver 172. The
o et?l%g%b{@gr& zzlﬁﬁgles i nputs 174 and 176 for receiving
[0062] audodualid vdddraandsthi3ohs: SQ BordsidePthe ¥i6% aMffokiiion from a layer
convert the audi o and data

Af ication encoders 18
n#L to L fern & e anemicaiee. gt FLIomue bo nuikesepapied by the

| t
e 480 o it AL P
the layer nah $PSF plusiie: Iayer ti $6 xomttdd $nfeineaniod §8CN ALARA L cABRs the

ts.the transfe rames to output franmes on |line
layern%lgavéﬁ eofls It feype n ?{ai" %W&eaﬁeésgﬁﬂé’&st from ant enna
[0063] 1948188y ?E&EWSM&%&)% 6‘0“3‘“10"{% b8 R VIO LIS n Rl

3 or ecei ver
control infmmad@l G‘\Qﬂl}a mﬁmﬂmmyﬂﬁdud\endfmmrl’emﬁmdhn fHe@T, fidtreates a

c
layer n 1915{1 L’Hhe: ?ayer n PDU is then sent to the peer layer on the receiving system, where

the process is essentially reversed as information goes up the protocol layers. Hence, each
layer extracts the peer 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



that receive the transmtted signal and produce the
recei ved nodem frames on |ine 196. The npdem 197
converts the received nodem franes into transfer
frames in the formof packets on Iline 198. A

rt and de-nmultipl exer 200, incl udi hannel
Wozg‘{e‘t?r’g‘fs]?éljpl exer and an integrated data Seg&%g@zo%yﬁ‘ﬂsm

transmtitter A apamtprotosnl dhta Sinftd e trhiAskal to ftﬁe%%ﬁe%%{dgnr%e%ji Bs shown

. W ram service _audio signal on line 2 nd an

in blogh400dP AR Feerives Lavar wiservics dgia amitethal drmeecqiOwl by recciver Layer n
icdRkd ' 0, t hese signals t

o R 90 BEFATER 408 BN 5 S d b e

by ling 86 8ThaE r@eiver Layenntlipotoconaberpreeisedind GEaMeP  ayer n service

_ de hysi,cal yer 1 processing for a transnitter.
data “‘iﬁ&? gﬁ‘g‘ﬁ‘\ébyo@?%\‘ iﬁé‘nﬁ s theresyling Freeivprlayer il seoisedata unit
signalgtaﬁ@gﬁicggchgﬁmmwi_cal | ayer (Layer 1), V\,_hi ch defines
the functions of a nodem through a plurality of Layer
[0065h sEiGyités aafucetmalpbiock d{aBAR) oB22porfibh IO 22 BRAHARE %5wing
compons /EH 2003/ 032917 [Q069] The Li. SAP defines the
PO P FEEORR er) Lapgal proggssing, ducpding »scrankider 3081 aghannel
encodep r30P,06:0 lintSrledGdf - 3042XHDM AP0 r s%)lﬁf f .
| agi cal channel s, desi gnatpggiga?tp?t b?o é?%rahﬁ Bgs a

 transmisjion pybsysin 830, andce YIsBS cditie] proasssor 3i2er TaBalMitter system
Each channel

i ety of .seryi des.
control JREERUCH2 e Pl Einomtio 3etal o G 1T 15k astontuin signa and
SCA carri¢rsaee dslivesedao thel ik Sisi Rb&LBRAPYNd 118, T8E Métrgges}geg%m

ansfer franmes that carry infornmation from

the RF Lrensnysgipp Splsysterg s thep smpiftedl by gupiifier MMdemasdinpgitcuns318 and
Scﬂttoﬁlpﬁlk&lﬁhmlg&lcﬁasﬁnd their function is central to the
an

transport transm ssion of data through the | BCC

[0066] sy JHen8 is% fungionall biedkataedm bSa DAY 86 iRAding D@nsmitter 170
da condu&é_fs ayer 1 SDUs through Layer 1 witha specified
and a I He gpsoptier tpcludgs, pts 434 endb 76 fonscéivigg eudio and data

signals GRBARAYS 48519N b R0 A8 | he data in the .
1g|'1 ) ogi cal chalr%e%tp;pismi?i 81# é}n%?‘tﬁ:eg%ﬁ}smg%hvté%?ugpm 6% fignals into
main pregrp@sbivics gudia (dBSA rdmals loe lide g4, ahd defAted @al 364ick A8LAN
"whiten" and mitigate signal periodicrties

: . t
ine 15, R0 PIBFSHEADY QIRBEOT AR ltiplex sebsiviem B&n Al modem
190 corpefd 86 i ORRAWo it fRSs g% fige 102 %&Fiéﬁmg%gﬁlg}iﬁed and

channel are scranbled to random ze the
broadcagi fon apienna 198 wsing for examwle, syenaftthowavetiring set foFhen FIGHIES3 or
4. to the scranblers are the active logical channels
fromthe Li SAP, as selected by the service node. The

[0067] outTheteseivd 17DeanSadlRItA %ténnaqas aihd c%ﬂwsefnﬁ{;nai fr@r[f?ﬁd Heuits 195
scranbled bits for each of the active l'ogica
that receiyp-the pusmitiedesignel andipireduce the meneivee snodern SmmeoomHnOIN6C 0TI

moden (1%l I RNE B TES, HhL Pl oo
line 19& e stesport and de-multiplexer 200, including a channel demultiplexer and an
integrated data service transport converts the transfer frames info a main program sérvice andio
signal on line 202 and an integrated data service signal on line 204. Application decoders 206
convert these signals to andio and data output signals on line 208 and 210.

[0068]  FIG. 9 is a functional block diagram of modemy/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,
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[0072] Channel coding conprises the functions of
scranbl i ng, channel encoding, and interleaving shown
in FIG 10. Each | ogical channel is scranbled and

encoded separately and in parallel. par al | el

wozoﬁ%s%%?' ers are identical, but operate at ﬁgt{&gﬁ'@@#”

rates, depending on the active service

[0069]30 r[ﬁlﬁtllleSABQﬁﬁh@t §8 imeTR% Yihleeh ANYLn ?ﬁ& ﬂ?&% WG the e system

quence wusing a |inear feedback”shi ster
protOCOb Hah: tiyer Pryidens plnrality of legioa! Hiannds, dwlgmearm 43 through P3,

red . nerat e b dul o- 2, addi n
S, S S, SO PN BT B
modes, tE@h&bnrmﬂbénmg Lagsg U6 d&creldd@abdier Fhites, Jﬂch'aSu e 31ze and rate

ti onal block di agram of the S|gnal constel lation
detf’m’lﬁ“ég A5 sstyéee 1podes | Grmsfercsmmesethatznerms rinformysion f®¢6Layer 2 are
referredt8§ 8€L.VS§PUsS] gnal s froma plurality of interleavers and
produces signals that are scal ed by scal er 348 and

[0070] na {ipe dotcopi@FIbgisal khaintlis @ng theyr fXdaldn S8 BSa6T foShe trﬁfﬁ.g&? hnd

nterleaving is applied to the |ogical chann

mm?%i??%i Wjedﬁiz'F/‘hFP'éﬂ%’sPhes@P&] systems y ot dagical chanael isaa ignpl path that
conduct§ P.QSE:E i mssthféu flmtg%ltsﬁécgﬁa\ég@g of geg‘%%Bsﬁ‘%ﬁ&‘I Psc)géenon

desi gnat ed as:
the logiesb phaane] d@mglai;tpnmdleatemmthcedaieinshe Pgidal chanreDIREoraRABEPas a
vector, & transfer frame nmultiplexer. The service node
deternines which inputs and IN are active at any given

[0071] 11Scrai6ild R ddmigdslihe ﬁﬁéﬂ@% ™ E}%ﬂqo ikdl cft ltl!om&{hﬂen?r and

t hose service nodes I ca anne
mitigategignphperiodicitigs Bhervthe wavefotni is detubdilated!inf x mémmm ahdlog FM

cemoaui 5L B3 ok ol 8 SOl LILLLERNEL (b2 con
data and zﬁe m:fa:aﬂml syﬁﬂﬁﬁﬁtﬁdoﬁ I Thé nﬁﬁts ftd ﬁfé%%rafn‘blé@ atré‘gl Pa&ﬂ@l‘bﬁ;cal
i cal channels P1 through P3 and PIDS, an
channel%fggre%eap 1 SABg P selecisr durias serepe mad u'@ﬂtﬁ SBpuimof thSk@Snblers
o enel 4 LN 9L BB S B BRGAEL r

servi ce

generatesrapsetuﬂd)fanm eidevdichdis modaloL2 sammal vAROhé mgae" t%aﬁaa%@fors. The
ep IS nore

th .The | terl
coaege“re@&fé éf‘l A S‘ﬁ@nl)( ﬁ%‘SFq?inr: ga\?crareg\égih However, the
| t b | t
[0072] | SOHhnhé] Bl MBS rurksib BECHRRingl FRpct ongifand

mterleaViJgfsmen G0 1@ aBach eogmamnna li'ﬂ ﬁ:rdnﬂil@l dntl Bhddded depitBtelyand
a short interleaver is

|
in peradfy A SR acFomBlg 265 in, bycAremiectvitoens s, dependiog on
the activk Qfiee WhddR, r]ﬁﬂﬁrs& Qlef g&epa@sjd uﬂl—%eﬁ%tﬁ aﬁ:%ﬂng SSIRTICR

i nterl eaver encapsu ates an anDun

using a linggy, fe@dbml@shaft ll'@mprlvntl‘l@rhmavepolmmale X givenlbabfa b¢rh1§bled

f se The | ength of the Ion
transfer itz er? t?éqg' "ﬂf’éi"iz?ré @%Tﬂ’@r gsspgatgé iRl bt f with
comspomwmmaﬁmﬁmgge@e&econt ent avail ability del ay. If

el ay
[0073] FIG. 10 1s a functional block diagram of the signal constellation mapping 306, A

signal constellation mapper 346 receives signals from a plurality of interleavers and produces

signals that are scaled by scaler 348 and mapped to OFDM subcartiers 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,
. 8X, 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



LW,

) nsi dered, at a given tinme by a speci r for a
mmf%%égl flt‘C case_ll Lo beﬂ%he nor e i nport aniFEf;ygig t hen
P rton e e T eEL el S50l il s o
bit 8&%& ﬁoﬂ'l%ﬁ? 15 dRrAfes %&B&rﬁ 1oﬁ§6¥>bt&ﬂt inRMeavepishngldyed. The

nportant factor, then a i nterl eaver nay be,
umssede&dtlepms fcﬁ@ﬂ@ﬂleaMgmm qhmnp}@co d tt‘qﬁgel's%lp gsyirom the primary

| |
1og1@ﬁ§@§n%gﬁ 21 05, I3 AT %g@%é %&oﬁﬁﬁgﬁﬁ érgne%%‘i'tﬂ&xgh S5 and
SISO Mthe SlterfRh e omip greanaeeed] es and differential ly
encodes a sequence of bits s ont e
(0081 ey iescBoiA PP M LRIES P SEb g dop e cither »
shol‘t'}%c o ‘?ﬁiéﬁ@%l;& n%tﬂ ?{nﬁe gﬁaﬂ) Uﬂletl&lgﬁﬂtefl@icvﬁrr ®PAs more robust than the

|ers di stri buted
shotthintedepiverdepthh eH@F@ret gp@bmg umferleﬂn@ (plovh 4 48 seoqndp) dplis i 2 long
bcarriers .. broadcast in e RGS 190 tu
decf"ﬂe SRR G i'ea%tﬁ &6 vveEu\l)e tﬁ?egbef e ﬂ@égfang%g] hg%eys emgllig ning
timERinbRbptiHlOnestk ﬁ@ealsmylmmutsﬂeﬂvsr iahded61 system

control data sequences ardl ess servi d
FO07 877 et BReRT<E: S VIR S B P T RO A short
mtdRRvet ‘ish gs%l&ték 5 SHWERCY: PRy 4 ishiBR PD’t‘ro rwrﬂacdwmgtmmeaver can
Interlea matri x, OFDM Subcarri er ppi ngﬁas& gns

encapswlatsf bibi fremf seyeral eensbeutive EDUsay Bhe @ggﬁ of e lope mtgrleaver is a
Pafir’fg%t O?ﬁ§¥eelsfar ga;&g(gf? SénRa] %b'ﬁ%tﬁ’&s il Qoﬁﬁﬁg{rﬁ?ébi‘ﬁw Ry, If delay is

tTon,” system contr ata sequence
corRide$d,fat 9 pivan b h speeificiuserfor 4 dpecifimease. o bé the m@mportant factor,
control data sequence re ed.to the actjve
tho Gt ShoB fBERGISE S By Sty FeMERE T R So @Gk o1 ropupsmess i
cofl] d‘éxflsatlﬁlﬁe %@éﬁ oY &1 SRR cofBinkfiche fo tRNHe widtetimpettartaotos, then a
are active. FIG 10 shows the inputs, output,
longmerh‘:avqmmbwﬁlml ons of OFDM Subcarrier Mapping. 12

NDED HEET 2004/ 036,795

O 5 A b S B 08 ST RSPl e

cocﬁﬁ§ @n&&%@%r&bﬁtﬁtaﬁ ofTFtlﬁHTilpR;)ﬁﬁtIéEera,CS);sm Contesl| Rmmsmmemhles and
and a row o ITS rom e matri S

diffezemtiallys engaderce soquTRRS QfUbiSLEYHT® W@?ﬁnﬁ%&ﬁ%}& b peAns for cach

ref/BRR SRl R, FrP@{%n gﬁ@bﬂfog&’% élereﬁren&e RfcarieRMinbered 0 ..

Vect or, The interl eaver
60, rré:tsm“bued tnmugmmgthc HeFbe speamno Thel nurber (BVietopege subcarriers

$9Nns] LI on
buspfgipaLg BB SUELAFTY P TR RO RICF 0050 ERRbRA e exaonple
SyREPCoRRANTetdsdhg FVapObutps ﬁﬁdl bhen aintobdate sequences, regardless of
subcarriers. These phasors are then scaled in

serawpmosiwe and mapped to their assigned OFDM

OIS ol B BEPAT el oy Sttt gt fiios

Fof bithtdctive mterleaver matrix, OFDM Subcarrier Mapping assigns a row of bits from

each interleaver partition to its respective frequency partition in a complex output vector X.

In addition, system 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.
12
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[ 0080] OFDM Si gnal Generation receives conpl ex,
frequency-domai n OFDM synbols from OFDM Subcarri er
Mappi ng, and out puts time-donai n pul ses representing
the digital portion of the FMIBQOC signal. [0081] The
Wozéoft‘;@:%srto OFDM Si gnal Generation for the ?Cﬁé}é%g/hszbﬁ a

Iex vector X. of length L, represen

[0078]: 0 n’plllegli\ﬁ}[)lﬁ@ EE?@E{){\/PS&HE%\éPMﬂ %ﬁ?rr eg&cﬂme S S4b% %Fl bltfrom

For not nal ni ence,
each a@tmepumﬂ@ﬁmmmanb Gaowi Cérb:twgm Ry tetemarrix i dystab ovgtrallidata

e sub Ra referredtothe
seauer(y 118 optntf e PEDME Stk Mehine Frcqash P bl o e
smgleé@hﬂ]@wee@r(jg%ﬂmgdﬂlggg t he subscript is appended to X

because of the significance of n to OFDM Si gnal

[0079)= n’@mntedmveﬂmtr@mmgym ujes atdianad daebM, BX1he. SB)me

cre t Fouri er tr nsf.o shaped to
mappofl 3PSk Sinsftint i ta Shektic suboagars. "R i Mt magped to
BPSK %@Mﬂﬁi&c@ﬂ’@m@ﬁ@ BRtrefRRnts s@cﬁﬁ%' %S@ﬁ'ﬁd@&@% then saled in

ti me-domain pul se y n(t; representing the digita
amplityls and gapped te ﬁ@lr}:qw FM sabcafrisrs. (}im:\pmgmbmsults In a vector,

X, of pL& %%Jhléﬁ@% %{ﬂéﬁet)to Reloti ?ig&q,l ggﬁa% E'[l g{%t o forma

nuous domal n veformis
[0080]u P COFIYMT Sigshl AAe RS teBE tesViokipldx!) SregitabRacHRA O riNg Qymbols
audi o gln the hybrid and ext ended hybri d nodes) t
from Subgarder Mapping end popptRIimg-Aoatain pilsesrrepiesenting ﬁ@u digital
port10nB@H1%Pl\§Iﬁ¢('2 ﬁ%ﬁﬁlat edin FIG 11. FIG 11 is a H
0 e

functiona ck diagram of a DAB nodul at or.

[0081]p! uhelispiuy tocd FIMBibiel GidRion F&r tﬁélmyhfbdl 198 chin gx@x 3&%@9{%‘
re subjected to concatenation as hown in

length Iy fepressating s seeplex F‘Q}ﬁ@ﬂ%ﬂoaﬁ@l“%%ﬁ@@?@mbmmn OFDM
symbolm Oﬁ& o8 goﬁéi coWeﬂﬁ:H&:e tl{elﬁlltﬂﬁlt Uf ?ggl\x‘]‘;ﬁfjca%eg 'L}I%p descnbed

nodul at ed subcarrier$ I ne e anal o
above did gotaise the sebgopipt e dRather] it referRBGo drdveot i)(oa&&bpr%ﬂhng a smgle

b b | i I 362. Th I
orM ST i Bieafiing el e Haterinc e 10 5 besaapec te

significhied uf AtEOFBNM $iBRal TeadRsbnl I".[“he @@M %r?ﬁol $6¢anstbified 2d tg th%tlme

nodul ated anal og carri er, present,
domaindycfi digpreey Fouriss tiansfenh msﬁmbapemte ps:aarcme dimmebdonenih synnbol ..

The o P8 b oRB b P MBS S %135

represetS:Rl‘gﬂ[eahgtaSptbtﬁﬁn 6f thé FREIBAIC GEHARRE OFDM syht®d] hf ansmi ssi on
system nust address. For facilities so equi pped,

[0082] ey dhg yi(t) pafsasraret qonsateniated dal forusa cumquomomme ydomhmgmezdform

i o P RS R ol T G

and extended h?l&ﬁhn:@ﬁ&#rto aﬁdtcltﬁle S6Elets GBICCRI W@ﬁmﬁcﬂﬁetransmlssmn
channel s are E) %‘Eosely delayed by a fixed anmount to

This is JREEHHOBAIE- di &G Llyis adragtionslghleak dingsamed ¢i RAB madsiagr.
The pluratiff GO sleBbls b3%upplied on line 352 and are subjected to concatenation as

shown in block 354. The concatenated signals are upconverted as shown in block 356 to

produce the plurality of digitally modulated subcarriers on line 358. The analog 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 digitaily
modulated subcarriers are combined in combiner 366 to produce the DAB waveform on line

368.
13



time alignnment of the transfer frames received from
Layer 2. The higher protocol |ayers provide alignnent
of the contents of the transfer frames. [0084] The
primary service provided by Layer 2 (L2), enables the

wo 26MR5883 t 0 support three independent ”a@&%ﬁg@g@w%
a e

services as shown in FIG 12: 1. NMain Pr

0083 AU IR & : P O ki i.ce, Transpar
L0083 Srrd aRNSROL josdes RO abartiencRlal el BASRRT dstin, yyer

addresy. dfor fasdlitics emeduiptped sy Lil Sraime ttahemiitad miust. be [pHSAY alfph&d with
cti illustrates the

i.s .a fu | .blo | agram t hat
Global F0slipif S (PSRt “5liarthe St Jekicabehgnprih ogfide properly
alignedwittt @R lotHeAXRY 8 s&R¢ sdbRtdm Biptth )
e syst ens .0 ger vilcg rﬁi\s{:cess g‘g&?ﬁ%@’@mo, élz%g%gﬁg&%%eﬁyﬁd bya
fixed amgantttp apeamnpdate divessty\combBOE o dhearesaiveri Eeyer hgirovides for the

ome 5 RHER, B oL BSR4 7 PR B

providdBigumeitaf seeohteits oCke ¢aBfaaRdmR.S bl ock 410 to produce
IDS, MPA and RLS PDU s as illustrated by |ines 412,

[0084]4 1 3hgrpaimpryiserviveeprovidaidpyduyer LA corhlesthe syspmud sapottBee
indeperddEht t%g?qo%sl?rv?%yasss’hb%'in fongs 415, 416 and 417, which

are vere O service access point 418 of
t ranshi fMan Plogheer Se2vice Afidio Traasond tter Layer 2

processes .these signals as illustrated in block 420 to
produ e?zia Eankzgewrgl}wa% illustrated by |ine 421,

whi chs anmgs rEAgz tted to Layer 2 of the receiver and
processed as shown in block 422 to produce SDU s that

Unusedglags Bavetbeergnelhdedho glinr fopadititiome] tranay@issn t fithe.

receiver .t hrough service access point 424. |1DS, MPA
100851 , 573y & i 2 fBpdional onk siaam 4be, Mysimtes fhe rolaionsivp brfween
protocofswaﬁﬂ ahPHBHS pREochNByefLoLbAR 'iheftf%ﬁrﬁ? hnd¥e0f ?2“%2% Service

ignals to produce output signals at servi
access Nty A0), 40¢and 404 ingheltraiBBittef BOSE] IBOG detcseatice, main program and

i i AR b S S B B 415903 e

transport blecle4080aH RAIS HdeR AN oSprodudy/ BIS, 2TE0 R1 104 PIET 0 {iifs@ated by
nul tipl.exi ng function, but rather just passes the

fines 4184498 A4-PBs rasspasiciengpionnalep praduce DSy MPA apil BESSDISE,BS
i i | rt. P LS-Ihe aqnl P
e 130550 81508 5 LA ABSRRL p 5 4 LoRPY
The transhitten £hyer ﬁhmoc&s%hasedisgﬂélﬁ)ﬁs ?h@tﬁiﬁeﬁi i® bidcR 4120%0 produce Layer 2
,_ multiplexe ecause SIS information nust be
FDU’s, ﬁ‘hﬁ%‘%eﬁﬁg gﬂ‘? %W%ﬁ'&%ﬁ tramsaitiRed to Layer 2 of the raceigerand progeseed
as showltlilP®Block42¥\& : | ;

o e oo CoedoOp b St 40 Hehigt froukol [ayiS'r we
receiver gg@nghisgwi,c_e iressPhidBA24s IDB,0VEAmhd RLS transpont Amttidnb 620) e28ieid
430 in ﬂpe! ﬁi&leg- ages 'of Hletrgcegrlel!' gr%i‘ocgsl,él tﬁé ggai(sf t(r; %'roduce oufput signals at
service data points 432, 434 and 436.

[0086] A special transport/data link can be used for transmitting SIS data on PIDS and

ol

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 Léyer I
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

14



[0087] Layer 2 allows these transports to be active

Wi thin any active Layer 1 |logical channel (with the

exception of PIDS and SIDS). The structure of the

Layer 2 allows a transport that serves the

I.p) exi ng needs. [0088] An L2 PDU is equivalent to

wozgwfg g’r 1 (L1) PDU or transfer frame. Lay&t/Up2§yaut7
will ndtQontinhe f 1 i R b i Che! LIRLi on

Wi thin itsq{p%g%w g‘%?’{é it %%rpg?%smnp esﬁﬁégllsnﬁ%é‘?ﬁ“ to
warran thg hieaslst bits rofuired to allopdor m@tiPekingW t hi n Layer 1, al |

Cl_infgromtion added by Layer 1 (designated as the
[0087L | sFavar 2&%W6|tﬁ]ea%¥an&§%ﬁ%ﬁé%ﬁctgfanwﬁen iany pefived.ayer &dogical
channel THAR TRIEREERAGNEDSIER Sipissd refprence

subcarriers) and vvouldﬁlqnot ?eﬁlgrslgﬁctggn%(w&lg?ﬁy r%ﬁﬁ?‘?ﬁea
transparigihetrserveqthy mokiglexi@ineddsf or mat i on and synchroni zati on

i nf or iQn. are _conbiped into one reference channel.
10088} 088 {3 PR s Fabiaslftdo e Leveaty) PPG:or prestaneims, powtisdocs
t |€ﬂﬁ§1 E{QQ‘B t4 -\ . . r. 1.. Based
ot ot R AT 000 MR EIRS iy LRl PO
physicalinodpip |peocksingrof thelinygit £2PDE HithialIsyer T ell BAMia&rmafion added

t4 Layer 1 logical channels and the
by La)%ﬁ afr X%tﬁ %g([ i sth%l g?’ﬁ%?ﬁl n“é’m‘&hg‘?ﬁv‘&ﬂ’iﬁnf’ﬁr“@a% inclyded cia an
indepentiefitecharnte det@éaddl 19 11 @fe! Bfektibd SibcbieRPatl \lrv@&ﬂg not require
logi cal channel are: ransfer Frane size Fanster
bandwigihaipem fheleryer Rpayineds BSE infommatine gnd @OTbrvitioh information aro
; : L 2 dL 1 (RLS d
commeN&F’)lAﬁ(b eeréﬁﬁéﬁ{ég@?ﬁ%f.wee” ayer 2 and Layer 1 ( "i‘”

ranspo ayer 2 is a slave to the Layer

[0089]s e rThi Gpstom theexaartlely A6KibIB A kiyPores Vitud LorfRbkatilsdR ect
La Li EDU exchange rate are controlled by Layer 1. The
to Layey §; Bpsegop th Layen bspeviceamodes the\spstem provides mmltiplediagePlugical
ch ) r ; r LV |de is.the Layer. | .
monely e RARC R0 LA 1 BER Babiei e cBrse i cenpine
them vary fon saohaewive nawler Ti: defining sharmterfsti@of bAhiLayeransstl chafel
are: recei ve perspectives. On the transmt side, Layer 2
" requires the follow ng operational paraneters for each
active Layer | logical channel (with the exception of
PIDS and SIDS): A flag that indicates that each L2
PDU conTansier Brarthvdsize Progr am Audi o (MPA) Transport PDU

A maxXi Wr@ns‘j‘érﬁan?érlat%cat ed for MPA transport PDU 15

¢ Robustness

» Latency
[0090] = With respect to the exchange between Layer 2 and Layer 1 (RLS and MPA
Transport), Layer 2 is a slave to the Layer 1 service mode and configuration. The L2 PDU
size and 1.2 PDU exchange rate are controlled by Layer 1. The total PDU size Layer 2
delivers to the RLS and MPA PDU transports on the receive side is the Layer 1 frame size

- minus the L.2 PCI overhead.

[0091]  FIG. 12 illustrates Layer 2 processing from both transmit and receive perspectives.

On the transmit side, Layer 2 requires the following operational parameters for each active

‘Layer 1 logical channel (with the exception of PIDS and SIDS);

* A flag that indicates that each 1.2 PDU contains a Main Program Audio
(MPA) Transport PDU

* A maximum size allocated for MPA transport PDU
15



WD 2004/ 036795 PCT/ US2003/ 032917 A flag that
i ndi cates that each L2 PDU contains Fixed RLS PDU(s)

A maxi num si ze allocated for RLS PDU(s) [0092] For
each active Layer 1 | ogical channel, Layer 1 indicates

er 2 that it requires an L2 PDU. t
Woz%%?gaﬁn%ters defined above, L2 signals the%mgmggwgg‘grt

and/ o t : ' e U LESRECE;]  MPA

Transport RO R R R R R ET TR

t ransmi tA edxiviutdhize dlbeatdoPRLS PDU@hat specific Layer
00921 I&ggi C?}lg channel . [0093] Wen Layer 2 receives the
[0092)\ o ot el getive Tmiges 1lpsignlt amneh clayes 1 tindipatesi t Layer 2 that it
requi oyt Shi eIl ' | St ] at a
require§ B BD TS it DM HLE A Bl B0 eBovs PSS M B
and/or gisaltin® ko providhitielr msifettiedPRUIsOMRA TrnforiBIHESFiRas RESGDHU

o5 B B RO o e
{0093]gi‘tSWh&{ 2B trecelves Sfe. MPAY Rinsfort FHIF %.edsete}s%éséﬁgg t%egee is

LS and the RLS provides an opportuni’stic
opportuggtic bauiwidie dvailableh ©ppereristz d2ilis AR 43 thonmesedayfkit? of a

Leye PRt LA 08 30! Bk o et B o Ko
but not &IBI @b Fhit-Sapityks Hﬁﬁi‘lﬁﬁjing%QQQﬂaﬂ%%é fot datgfu%ﬁépbgg If so,

Layer 2 PCl flags based on content a encodi ng
Layer Zgflicatgs s toaie RIS pd) the RIGspravidessan oppoRMst’: RLSPOU tobe

includ EDUS into Layer 2 PDU around the spread

et eg%%h@{j%’ggé?) or a PIDS or SIDS Layer 1 |ogical

[0094] chamoe Layek 2%R% rebeived PDEE @Snd Se ML braspbit @hd/bd IEISS, it creates
uires a L2 PDU. Layer 2 indicates Fo the |

the Layafs & e seet tp thovapprepriate Layss pdagidalchamplby: Layer 2
r ecer e Bom et PR bR i B ettt e o)
Rat he., SpreadingdtayardaPCI flags hdiess 2@ gur at i on bei ng
0007 st MBR e RS AL iniod mses hPIIh st spine
(00551 | RS TSP 905 0560 BHARERARY, 1408, SR e i

requiresROLY P?Ep okayen? ddicates iR ieRDS, Trﬁmj)oﬁ irt]:d Qt'\i/)gge_?ts REALCtBRPING.
out i irety to either the ransport or
Layerzki_rg‘“ gﬁ?ﬂé‘# ?Qﬁ%’&%‘gﬂoéﬁy‘%rﬂe L2 PDU structure, these
00961 L T : _ ' cili P and
100961 RS Rk B FAEE SpiEhi PSRICH. eyl e gom ga e
configurationcheingzbroagivast owthe statiordéhaess it if ahedor ecei ver
[ e tation and it is recommended that receiver

[00971 gﬂ“‘gﬁ PRk st issughfhat onge Hircb X infosmasiomliag becn ditgtted,
th : he.: I f r{ous . .

o entirt &3 PDUNpol oy Shididy » Slfiaih SEMEA PBp ot Pl Do By
RLS PDVe el Kined RS DY) eaebut rooted hoits @iftes & 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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based on station configuration. This uniqueness of
Layer 1 leads to specific nethods applied at L2 to
efficiently identify the transport data that is
contained in an L1 channel. 16 WO 2004/ 036795

2003/ 032917 [0098] Refer to FIG 13 for
Wozg\%'/fﬁySew of the various L2 PDU struct ur ed CTH7a003/032517

tr C L f: for e nsfer frane
0098 RIS S1G R 10Pfy L e G515l ABEE, Mo
can be diffesenvfes cawh st PlanferandforkaflOr1 Bgichl chginere | ogi cal
channel, and _ extracts and decodes the L2 PCl Bits.
[0100)5, 5 gecsiver meseivos meil2 Y frea didvfor caeln activetlegicl ehemel, rapd

P 0P [ iQn, i.e. MPA .
eRtac P T R 1 o P B et B e ot
L2 PID16 Ithe Fapproptiste RieBMalitil, DF). MP@i Tednspdienne!ort RES (fixed and

ejver can route the received L2 PDU to the |IDS

rec.
c’Ppormf'i“‘g‘ﬁ)sport. [0102] The system provides SIS to all

[010112P Bk A PRSI 1SLN Lfifiel A0S BB APk e 01 6FD

chann ransportin

to the IDBdransprat.  be acquired quickly for scanning
i cations. 'As nentigned previously there is a

|
(01021 e ytorm prvisss (515 e Bl appligatiens andesarvices Abe PIDSASI SDS
o S8 L0 | 5,948 5 A0 e ol
for scanning applicatitngli Aewthtjone®pravioasty yhepnistalupedislived YBS srhsbPort that
th d S.DS PPUs tq the IDS &
e SO M ) P e LB i
Layer 200peO¥RPIDB 488G PDUG0 1 @§drQUdirek@g Sﬂilaﬂg!&‘g}w}eﬁd@é side

the FM s stemsé]ihncl udi ng}pt e secondary | o a
Layer 2 souiefibe BYDSoand SRS PRV $9 & 836 trambpert.PCl i ndi cates t he

tent.of th | gad he header . i d of _th
101t DR TS BRI S B oS
channels tof URIFEN @Fstem [REluBAY tBAShchiflaA BERaIhhES dnd Mg??ql\f Sfystf:m.

Transport PDU) The payl oad 'is data oriénted

The PClringicstss the contapt af sheppaytond.c Bhe hragérquerideseme of the diollavidig five

st . Lsti.c RLS transport PDUs A

mdlcau%{s;?glg&gé%‘w tlgayi or tg\%‘,mt'%%gm aining MPA transport and
fixed RLS transport PDUs A m xed content payl oad,
cont & nthfgpanaad issndigorientedIPA Travsert BD®.S  transport,

and fixed RLS PDUs [0104] FIG 13 schenmatically

i |1 ush ?’gllee&alf’l"ﬁ%ls ponenisd Rist Tiaesped) s 440, 442, 444,

‘446 and . ..
‘¢ A mixed content payload, containing MPA transport and opportunistic

RLS transport PDUs

¢ A mixed content payload, containing MPA transport and fixed RLS
transport PDUs
* A mixed content payload, containing MPA transport, opporfunistic RLS
transport, and fixed RIS PDUs
[0104] FIG. 13 schematically illustrates- the five types of headers 440, 442, 444, 446 and
448, When the 12 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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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

wo 260p&g74ni stic RLS PDU can be found and prlgtc[glﬁz w
the RLS. However, as nentioned previousl e ent I e

prograpeativa@IRS TaRSRR) Aldashaididd s BEHBId aﬁﬁg é
PCT/ USZE@%I‘/ 032917 program audi o I\/(I%/SA%'KI' sport Q%R%he

audio paylppdn gPed signaling ienabipsethe caugh()gpramsa@g €dRBaTresporth tihd RLS
proceshﬁﬁtmﬁb‘gieg ?gyd#%gSuch si gnal i ng enabl es t he audi o

rocessin port) and RLS processing to use

[0105} hevmﬂyt yipsb @I doaikiel ke RE S PDDR
is d“'P’&éf‘ﬁit WH Xed RRSU)PDU an ext ended head%?&f%%ﬁeaﬁmfm

contgat Pﬁ)gel‘éqlu@maédltlorﬁbhnmcanons A
del
delimite g"lvj?‘f%’gﬁk"g%g%‘“? 1 ﬁtﬂglﬁﬁ%’ B plly 5P it Gon ope of

Seerceassom ated with each type of service. [0106] The

i i,ng..is per transfer frame (PDU) and does not
: [Oloﬁlrse%ﬂ? ferRsuirangise frame (BPBY peslidocs potfrequireainy kovatbdge of
premefsro%ﬁR&euEﬁ)s}&ﬁagésgene“ c transfer frame, as shown in
14, includes the payload and the header PCl. The

[0107]payA ganbnh eankfer flame (REhENRTTIFIE. ¢ R5h§des thek aﬁf}a(pdnhihe header

PCL Tﬁ% % ge%% the transfer franme. [0108] The header
Pavinad deaslpin one example ?%lﬁﬁs of %%Plﬁﬁusmadmsr thinsfen framgh

[0108]QMI"hechfea&r Bikiu Q§ dneSH i’éﬁp l%bu %ggs:r .g@?q%gg 234’% 29 a4

he correspon |ng In |ca

bit sequmge} eThe hdaﬁercmqltehebstand Iﬂ&ﬂtctzrespdiiﬂmg ehdRéatidn PR are described in
based on the SCI obtained from

t
Table: laﬁ@fq(}g%ﬁglggi Sl teRPEIRE SN chased eltheWCicotaned
from thel R0 BBSVRO TRS cdnbts ot b selected CPRe dBrbhied oI ARIIE. qbllazz, has].

Generi c Header Sequence |Indicati

Hexadeci mal Transport RLS RLS Sequence Bi nary Header
Sequence Equi val ent PDU PDU PDU CW)

[ 110010110001101100011100] 0OXCB1B1C Yes No No C\/\l

[ 001011000 Taklé 10G&kiid BRddk} SQuekR T Bearess No Yes
1100101100011011000111] Ox32C6C7 Yes Yes No Q/\B

[O

[ 1100110010110001. 10110001] ()(CCBl es Yé

[0111001100101100011011 Ko Yes W
Sequende ! PAh29H:349 %&u%%onooo 1?1)@1&}@8#\” PDUBD PDU
CW, | [110010110001101100011100] | 0xCBIBIC | Yes No  |No
CW; __ |1001011000110110001110011] | 0x2C6CT3 | Yes No | Yes
CW,  |[001100101100011011000111] | 0x32C6C7 | Yes Yes | No
CWs | [110011001011000110110001} | 0xCCBIBI | Yes Yes | Yes
CW, _ |[011100110010110001101100] | 0x732C6C | No Yes | No
CWs | [101100011100110010110001] | 0xBICCBI | Reserved | TBD | TBD
CWs | [000111001100101100011011] | 0XICCBIB | Reserved | TBD | TBD
CW; | [110001110011001011000110] | 0xC732C6 | Reserved | TED | 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 hg header bit can be offset from the
beginning of the transfer frame by Nyuq bytes. Header bit by is offset from ho by Nigee bits.

18




CWs [000111001100101100011011] Ox1CCB1B Reserved TBD

TBD CW [110001110011001011000110] OxC732C6 Reserved

TBD TBD [0109] As shown in FIG 14, the header bits

are preferably evenly spread over nost of the

L er frane. The payload is quantified in units of
woz@y?%igs Any excess payl oad that does not PEONSIPYREY a
Each rgﬂhﬁng $eddRE Bt §se

e fhe b
headef bit can f)cgm ' ffé‘?ﬂ r o%e{IELgs ﬁ)%éégrﬁ)aﬁi)yng ]‘tash These
numbetsrdepeiden the diePDY 10igtho fin dits), Ee ad eliowhi jn Tiblei & & theé 8 PDU

fromho %P&%ﬁb’t E%&?lgﬁxgﬁgﬁnqggf‘ 36795

length is an inteegal dethe bl PDGlength is not

te L6k B e!anfh& Readef |
oD BASAE (L 1 USRS L A B

2. I the header dgngiyris 23 brra s 2ot wskd.t Héha_ineamubngﬂeﬁ @2 hbits,shypumd hys

e not g S o PP e B i el L B od? o

(if theyafccry ippsar i bersid @age ouipat 5H0E He08s. WitRiut éiﬁéad%? @{rer? Bman
ELts as shown in Table 2. If the header | ength is

burst ot} grror, st mgy ﬁ%ﬂﬁﬁeeensmadtsmeweaw thersfige prevent 2@ use ot

nearly {Rifed PIIE2S

PO R SR ARG ndRES b, TRahiedirp ofet o

afes the
Dy a

avoid apy danfage ﬁlfasmlght (ﬁccuhng ylleqnﬂmmﬁg depodiag at ](:jll BRbSipsimal, réshﬁnﬁ
t of. t ecoder. Wthout spreading, a very sna

exrors of ik o My

‘ors, that may corrupt an unspread
sequence nay therefore prevent the use of a nearly
perf ect

Spreadi ng the sequence elimnates the
probl em The ﬂghlﬁ

At

II
sulting in
eilgar Spread

t(Bnej fset Len

é’F Hﬁ:ad@fsrpmdl’ar@mefamoi d any danage
l”dl ”I glll oCttTu

Ldl
L1PDlhot ¢ptimal, re
Length,PDU. | Table 2. H
@its) Lengt (I MOINg)-Ar

dac~nd:
UI "‘d G ecot "!:4 ot

Frors on the edgedeadert he
Fganeters L1 PDYlkrabier

g@g‘l\ts)(Blts) (L I\/(Jagﬁ@

) o
U pP1rTT

e

At g

1

) X72000

(Bltsb (BIT3) ¢
<72000 L-Nstart)/

1)4712OI|\L

INT[(Z- Nstart) /PRl - 1 22 Zﬂ\ﬁggQNQaIb 0901 o

I NT[ (L-Nstart)/P4] -1 24 7 1+ 30 12%?9 ;

| NT[ { E=6Nst art)/zm 1 23 1 6 INI!B@QIQﬂart)IZZ] 1 {22

t NT[ Nst-art ) y /12921 1 1_1_ LUJ_J_ The.racal er ||hr\n
272000 o0 gi ng a trqﬁ@@ rame f M@.‘LNS‘:@Q/MIJT bceddes the

f rameyand det grihfiRy N Tmﬁﬂ“i‘\ffbﬁsm)/ﬁ!&l]-l 73

16 L-30000 INT[(L-Nstart)/22] - 1 | 22

[0110]  The receiver, upon receiving a iransfer frame from L1, L2, processes the frame

and determines the following,

o 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 Sry. A
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frame content boundaries of extended content, if such
boundari es exi st frame integrity managenent

handl i ng exceptions Using the spread paranmeters for a
gi ven | ogi cal channel in a given Li service node, the

L2 header bits are collected and put intao 32917
WO 204 *Ruous 24 (or 22) bit structure, mar &’85“5%“"@?& A

e B S0 ETLSOAPLOT R SO kR e

take plaepect ed sequence, can then take place. [0111] The .
| Dsat ngsport PDU is contained within either the PIDS
[0111, "Byed®S| trangposhPlal) is conipiped Wishin zjtherribe PII%oPSIDS k1 gomnel
frame. DI tS in length as shown in FIG 15. The nost
significant bit of each field is show on the left.

[0112]L ayEe PADAPIDU B)8Obith iPleAsBSS siivinSinVES. {9. r?ﬁe togt s@mﬁ%& bit
first bit interleaved by LI. The PDU

h
of ea"hft?hff légﬁll‘g‘maqnéh‘a@f‘r hever Byand B & pracessiits MSB Gistisi. w’btt Riinthe
first bi Lﬁﬁﬂe{’ vekby They PBUQoﬁtehé afs e ggérd %rfs%t&%{alt C%B%j%r@% within the

IS 'a one, the remain
PDU. Fhy TW lajt fsfmaily seTlo serqr Mdetﬁt an anef ithe Rethaifidel Wf tHePDU

ar mat . tte to guarantee the ability

contend B¢ P AETEF. T PRYAGh EEPURBEN, iy . o GBI ngnat atempt

to gualdf@é ithd Bbifty GABAMULAL tHEChavaRdea! ng,
o8 [0113] Tylpty 0 PDUs may cont alcﬂ fm'v\:gNl n epg&’ﬁm‘?ﬁg negligible

capacmaézpﬁwtémw@rxghmmgmrt massage fields or a single
0 a t he e of the Ext bit.
to1131, P3¢ o BBRR 85 cofi BRI itoetflen yoriable et short essuzeigolds o

a singld Iﬁnéeﬁﬂﬂsﬁsﬁ\geaﬂ&behﬂlﬁ% BR St A Bt af Extd-e@ %Jﬁ‘n@s@&jgl c¥field
the state of the Tirst nessage ID field

can be ygHo 5§ bifs indength andyihe mﬁesasm@pn@mmmdm@éaywt@adf tie first

messag% gﬁg‘?‘ﬁ na ]?:)g{n? g&ﬂ{/sh%ﬁ e %?qugg%%ssan%f%y %23@@%’”

zeroed. 2IfiBxt actt, ithea, thevidelsabehgt Dleant 260 bb@eats dehali rn;?qk/my mY8Gand
.Ln this.c the combined | engths of the two

D 2. ,
messagﬁgslg Aghve, widy 1 eBgﬁn*B‘ g‘i‘)@?fl@rdeﬁlﬁ% bBSéM POtID 2Ankp thisuesesd the
combm&i st of iR wo s £2Es & bIRS

Two nessage strucfures are ow ed 0 he;euﬁ

end of ﬁnecwmgtmylomaécwc z8oak Awoadensdeesticiipyt at@piovidad 36 Mebet
ot hers may want tq send

potentif Bf¥abcaiBt nqcgf, SPiE brifdcasten P o Boiend et Rl Figpevile
others naytwantl@0dehd Idhg chl) Mtteksh erHiCRGtem! RPpRR HIATBPheM 15l &:ﬂ in

| onger to be received and displayed to the user
that the dengestation namge willgake dopges tir hecrsceivedl dridetisphyed & getusg‘rem wlpa

" receiver® ﬂct?mgésggeese&ng a ﬁﬁ:}eren{ w}/g%E lgr%gll) Gid a Elci?%rent 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‘p}aced in either message 1 or message 2 provided that the total 56-bit available

payload Jength 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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content woul d use nessage 1, and | ong content woul d
use both nessage 1 and nessage 2. [0114] The
definitions of the MSGID 1 and MSGID 2 fields are
identical. Any nmessage nay be placed in either
e 1 or nessage 2 provided that the -hit
wo zﬁgﬁﬁgbl e payload length is not violat egk%gﬁ)(’ﬁﬂ%ﬁy
extendgbarpism entltild ADYs SEEOREnARES BYGscd kO RS, dﬁd%
Jon tc;fg_ithe si ngl e message option (Ext :E%?qﬁﬁgf%g%]% elhmely
E "M eon 1 D Nunber is uniquely assigned to each
011610 CAGECASL faciii e, stafi nane has hoth a
1 6]s_hort an dg’gﬁ?ﬁ‘% chﬁ??%rrgat ﬂ&nqgﬂ%r @ﬁ‘%#ﬁﬂ orifd) AeRjipethesPbit
ALFN.\ALRNfifrzerhenps emgsxsla@an@ﬁpioatcbiﬁefdb&&%&ﬁm& Bk of %1 PRk B€1n
e

nmul i1 pl exed wth ot her nessages and thus can
all AMPE%EQ{O StV ¢ mefserihe HLEN that isoerf comespandsrte theiacesl frane number

t the ti3A1O1sCromRe. t ' e .0 D4/ 036795
o e RS R a5 iy HE R §30% a1 Boppive s MSREIEL T om0
1D 2} isfsgirtprane, gherAEN isdedked o GRRief y st ations by a
noder ag el. long text string. [0116] The Absolute
[0117] La&g? a#“?‘—‘}/'hr{é’cﬂg’ﬁ‘b EYSEVES QI%O)C fdd 1indicaest liensbsohge three-
dimensi8ral Rbdatiof\bF | ry Ll frame. period .
ol ot dent Gm&t%ﬁigt gg@g{ﬁ? %éa}fﬁx%e[?%’@k ]SG‘Cﬂ ?‘}?amg'l 'Ph’RHF‘“"I‘
- may be g3ed by theswepaivear onositien dateh?ﬁ?ﬁw Pdmmr?tr;i isfoBBdifon is splitinto two
or to the actual franme nunber at thetinme it
messag 2! § BRR G316 porpn A 1o ity o Gosers 5 Wbl the LSB i
equal to(l6egaarsi Ea8tuaé adiSenditdid ar® bodBGihe! '
" the JAHEN Aot o iengit GPS time. “’[S@ﬁkffé@ﬁéq@?ﬁg% JhevLss
is equal {9 B1Gndeavess | FreoMS5B) isf thelsigni bitli whitle sndiduees ahs hbyitsphere.
Positivetibl j ' l.ocation af. the feedpojnt of the
outivel ER Gt (AR AR pol1GR' 1B 8 st PP PR Gronatiedes i in
- the eastars bemispherth eLorgitedonangek afe 106 L 190QB 4986, &FHHe PihiOble Tatitude
values P%SL“ ong' nforpatjon is split into two messages - a
A5 SRR > GandstOp Shviting oulgide of fhrse rangesris imvialié BIG 16 shows
the formbtBE Ry s$atidon IRhtidd informifdg, LSB is equal to 16 meters).
Latitude and |ongitude are both in the same fractional
- [0118] f Jash PDOU Bhtemiidiied with £U2Bi cicdic dhSRcH SR AR CIT NG VER:
he, si %ﬂ.%i't’ i ch indicates the hem spher’e.
FOSGIE @

. IS
is qomptf_t,%dsf)z{s% gn s dields i dheaPRUpinsiuting maused mickssagé

payload]biﬁ?wmy%qgwayg’g&itg'iCY& | ongitudes are in the eastern
hem sphere. Longitude ranges are from-180 to +180,

[0119] \¥hePIPS Mrirsporbaliocites ol to MdhAas: (R @saﬁk\m%m&%ﬁgp
e of these ranges is invalid. Fl

. 490 . . Anyt hi out Si.
na SCHT%Q‘%%B H}? ﬁ‘gmf‘b}sn‘h&f’fﬁ‘?t fon &M tepd iFDh as outlinedoin the following
- description)f T 0w c28s, thO¥A8) oEREANRDY. | } DAL AL WO 12t ;
' 12-bit cyclic redunglancy g ecl@?%%&%a oﬁgg%gégq?@"nel 18
updated copieisiantapitibhkblaclomofxath BBfrne.s of the other fields in

t PDU. | in used nmessage payl oad bits, which
[0120] alri{%fe%g?ﬁge#gtfgfg@@&y_stem Processing, the 32 bits are subdivided into
two 16-bit groups, one labeled d16 through d31 (16 LSBs) and one labeled 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 block starting with block 0. ALFN bits d30:31 are broadcast at
block 0 of each frame, ALFN 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.
21



[0119] The PIDS Transport allocates two bits to
broadcast the absolute Li frane nunber in a seria
fashion. The format is different for AM and FM as
outlined in the followi ng description. In both cases,

| ue of ALEN to be transmtted over
W‘”J@?’%ﬁz% is updated coincident with Li bf%@@sghgéz%lgch

[0122] LI ATFRBs dbQ5 28 fultRéretbdiRged f'ﬁthﬁaaﬁs_agﬁ ééaggedﬁhﬂﬂ@ﬁ@m
_ Processing, the 32 bits are subdivide to two
ﬁeldmhled@igtthrgug‘uwssw-l abel ed d16 through d31 (16 LSBs)

| led, dQ th h dl5 6 .. ALEN bit
123 629 LB 59 Lt 45,0 VL B LS
broadcadting thefRmid) dumblel VIeHableugibel i@ barta€de PitdSo ?i'cﬁ%ﬁannel, which

) starting with block 0. ALEN bits d30:31 are broadcast
is handleg by k. ang Fdvhserviehmodes, tinr¢least piRBoroef the ALFN being

ch.fra nd ALFN bits
sent appg.':}lsg:ﬁ ?{%aag{r‘lﬁ??“g anglc agélat 3{6 %ﬁ%‘é 4 bfoﬁasgac h frane. [0121]
[0124] Thwhile OmeSgredest SfehifonaRek BB BescBYS! 1h | BRns ob GtsAbfdbbired
_bits. The sorting nmethod consunmes negligible ~
embodirgeqp dicwilhbe usderstag ose skillpd inethe et thabvariehs mbdificatiogsae e

ap:] j . j FN, _even when the PDU s
made tof 0t SodiEo, sl Dl oS Bl oF pheBycnpinp p s
forth in tR4 cl¥Ms20041036795 PCT/ US2003/ 032917 [0122] ALFN bits

d0: 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 1is handled by LI. In all AMand FM:
service nodes, the relevant portion of the ALFN being
sent applies to the actual frame 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 nade to the disclosed
enbodi ment w thout departing fromthe scope of the
invention as set forth in the clains. 22 Clains: 1.
A nmethod for digital audio broadcasting conprising the
steps of. receiving a plurality of data bits to be
transmtted; formatting the plurality of data bits -
into payloads of a plurality of. protocol data wunits;
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inserting header bits at spaced | ocations within the
payl oads of the protocol data wunits; and using the
protocol data units to nodulate a plurality of
carriers to produce an output signal. 2. The nethod
of ctringg 1, wherein: individual ones of the header
bits are positioned at evenly spaced |ocations in the

payl oads of tg% protocql data units. 3. The nethod of
cl ai n 1, ARtediod fordigitak qudiobrosdeasipe qomprisiag e siensiofs i s

offslet:ephﬁgwmaﬁl@nﬁd&é bf&sh&b@t’r&lsﬁﬂﬁah data units. 4. The
gﬁteh z? {aﬁgct ?B{P].Fﬂﬁw c\#’] L n t he ﬁ‘??g%d etr a blL}aPty o?rprﬁﬁocgledata
units; [ 110010110001101100011100] [ 001011000110110001110011]
[ 001100 0 101100 B‘J] % Q 0 1101100
[011‘???6&’%35191‘%1 B0 $R253° 9prHion ‘I’(J?f 3111%’615?? PEPiore
units; and[ 000111001100101100011011] | 110001110011001011000110]

5 The thod of ,claim1, rther r|S|n the ste
Greab PGt 168 BTt bapy tcgmﬁ’g  prodice b
outputS1g@@ner atl ng a pseudor andom code and rmdul 0- 2 addi ng
t he pse om.code and the data bits. 6. The met hod
of ai %f ‘??\ﬁ'?élr"éf’]ﬂmlhé" ¥t ocol data units are

pr ociagisidaliofesr thelheddat bitsyaredfositiogidaatvetRapated Beaidts Bakh
l.agi cal channel is scranbled and encoded separately.
payloads Oﬁ&%ﬂ‘g"?‘?&lﬁﬁz’o‘ﬂlt@f claim 6, wherein the logical channels
operate ‘Hie nikitidder elaim 1, makRsH: dependi ng upon a service
node. Th t hod. of aim 6, wherein ea OJca
Charfhae: 98 OCF Bregra® bofig T bl Rbe Pafogrinat
scratybl i Tip Sefiote BF Elaids il NGhéreini he Aeader kD agkprRBiché of the
ister wwth a primtive polynomal. 9. The nethod

fOHOWingBiFgeSF%CFﬁ 1, further conprising the steps of: 23
[110010110001101100011100]

[001011000110110001110011]
[001100101100011011000111]
[1100110010110001101100017
[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 I, 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 a linear feedback shift register with a primitive
polynomial.

9. The method of claim 1, further comprising the steps of’
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interleaving the plurality of data bits; assigning the
interleaved bits to interleaver partitions; and
mappi ng the interl eaver partitions to frequency
partitions. 10. A transmtter for digital audio
broadcasting conprising: neans for receiving a \
plurality of data bits to be transmtted; neans for

for rrglggﬂieg\gngttﬁ@plglla%%kh;tybi%f’ data bits into payl oads of
f

a plurality of° protocol data units; neans for
i nsepwichge Heaneleaysdibiss irintsleprerpartiions; fshs wi thin the
pay! Raghindhe mlBeavll RHAGAL to%h@eneﬁbatréﬁolné‘.nd means for

usi ng the protocol data units to nodulate a plurality

of cHtri@t@nsmytter forsliniigbavdio bepdpastingqogWESng: 11. The

U1 ang@nk ErecfvingladhilPof RS tdbe taRdhiédual ones of

the header bits are positioned at evenly spaced

| ocatipay doy formatidng tha plusalis obfate hiss propayiess abe aluaHity of
protocol dAd-unild?€ transmitter of claim 10, wherein: a first one

of the header bits is offset froman end of the

pr ot Beass fraipseriing header pits atrypaced lagatipnst witin dfe naylapds of ghe
protocol d¥A @A, Ahd he header bits conprise one of the follow ng

bit sequences: [110010110001101100011100] )

[ 00199289 Ger1usRE 110 BrPiopp gty unifsoio mewipla olyrdivo el eoderd 1
produce af dkR4i041011000110110001] [011100110010110001101100]

[101100011100110010110001] . [000111001100101100011011]

[ 110001 1sdreouterf oot Ko hegin: The transnitter of

cl ai imilfual bHéstdr Bl heARPHiisSkd YobsitiTRANS evelly spackRI¥RAHAintRe
pl ural i t}/ of data bits by generating a pseudorandom
payloads of Sigrolprd! dRNAS- 2 addi ng t he pseudor andom code and t he

dat aj20i the thRemitl@f blh@NFTwhteih: of clai m 10, wherein
the protocol data units are processed in a plurality

of |bisioRe Othahfﬁléﬁ=r§)ita%d>ffé%{éwm Wgne of the prafesel|datagmits.
scrarp! erheaRHsBRGAHRABim 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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separately. 24 16. The transmtter of clai m 15,
wherein the | ogical channels operate at different

rat es dependi ng upon a service node. 17. The
transmtter of claim15, wherein each |ogical channe
is scranbled wusing a maxi mal -1 ength scranbling
sequence using a linear feedback shift register with a

Pri mg.i VenddghiRae & -clabf- 15T ieheldiP ARMok sl c}faﬁne@é Brd Qs
further conprising: means for interleaving the

different rafles degpding Upen HerHCHNeds;, assigning the interl eaved bits

to {NnterhLRMShiRAbt bhikP 1S wl@ﬂeq'x ERRROAGI EfGinel is scrambled
i nt erl eaver part itions to uenCE/gg)art itions. 19.

A
using a Rt dengty SW@@@W.Sﬁ@wﬁcedvsgqa a| linggraicertsplo kil arseiptag with a
pnmﬂweﬁﬂﬁﬁﬁhﬂ the nethod conprising the steps of: receiving
gital audi o broadcastln ~signal. conpr|5|ng a
pI ur & i t hedrengpften of elaim iy @IPHYN plurality of

pr ot geak fiadterddih the pﬁﬁtﬁiay Of datdWits PlsMbdhd th¥ iRV RAE |
data units conprising a payload, the payl oad

interleaverRariiops @Pﬁgm%inp&gdhealmeflwﬁfpamoas gifiequeappatitonsr al i ty of

headgy, @'rﬁeﬂwﬂtfoﬁ%éieiﬁ% laafi@tal g.mﬁo Whchidaftire pyﬂeqaslhod
and produ0|ng an out put signal in response to the

‘m“m“mnﬂﬁﬁﬂﬂ%“audlo broadcasting signal. 20. The nethod of
cl al tehfng MIRERN Audiol BREUd¢ASEHA bigi) @Smpisirde e piﬂﬁfﬁ%ﬁ&f Qirdess

05|t|oned at evenly spaced | ocations in

modlﬂatedp@y p Bt Prasocgl dite eipits, abbaoh fhp pliralny of Pﬁéocﬁbf% sy
comprising b?hﬁbahgthe \PRAb&S SbmpRisihig b PlurDiRe op(ﬁaté he He @qﬁlﬁraﬁ&t& héaaere

set froman end of the protocol data units.
bltsatSpa‘fFétl‘?%téPnéf’mE‘F‘éIi“?ﬁaI@ad Whtrei n the header bits corrprl se

one f)dufcﬁ an 5Qpkt AWhA ¢h Ridonsal 8 audio broadcast
(1100105 bl %0111 O Or L o fhopeasting sienal.

[ 001POOl@fI‘U@@ﬂi’ﬁ‘ii‘%@iﬂ?ﬂn[ 110011001011000110110001]

[ 011AQ0ad06:dd bt B AdkiSlbild Gle pokidibiled A0Q4AIT QFLPRALBAOA R

000111001100101100011011]
payloads of the protocol data units.

21.  The method of claim 19, wherein:
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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[110001110011001011000110] 23. The nethod of claim
19, wherein the plurality of data bits are scranbl ed
by generating a pseudorandom code and nodul o-2 addi ng
t he pseudorandom code and the data bits. 25 24. The
nmet hod of claim 19, wherein the protocol data units
are atr anldecnethed af clpimuk9aivhergin dife rasgiat dta ehisareirgngeddn 2

oty 3oL 08 g ORY1Go SeBs SIPASA 08 SO g,

| ogi &l &h@m@b%omm%ewmreid tieflegienh thanneit erratiey difiramy
rates depé\lll\lgﬁg Sk Cg%mque 26. The nethod of claim 24,
e

n eac I'cal channel is scranbled using a

maxi Al - [Fbmgptho efrclaib|2H nghesey eash degicab Fagned is| scramled using
a maximal %glmas%}%nﬁnhé geqﬁ%f&% %glﬁ%n Vl%&é} Vﬁecﬂﬁdk@hgfhy‘%m 09%1 nao 'tgi#ive

The net hod o ereint ura
demnmdata bits are interl eaved; assigned to |nterleaver

part by i Oftf m@Rth & 2%ih1b ex(rﬁe%i’&% pR@JIH & cﬁﬂ%lté‘!n% iHTERRGH,

to frequency partitions. . recei ver for recelving
assigned #p dnteflepydr parfitions; bandathe algterlﬂagers pghmns rh enappedity drequency
partitionsCOMPri sing: means for receiving a digital audio

broadcasting signal conprising a plurality of

car r #er sAreebilch fa dedsiying pdigitah landig brshdgaptangsigpl, thetreceiver
comprisingni 'S, each of the plurality of protocol data units

conprising a payl oad, the ga yl oad conprisin

pl ur BFgns Jorgpceyien digitad aushin rgadspting kigna) c@ﬁpnsm@d@rralny 13

carriers nf%HuI§tQ@ 65d ﬂhﬁ&i% lo® Bt @tﬁu&@eeagﬁ%lf ARG o%ﬁﬂﬁ:of &Hta

I‘O ucl n% an out put Sl gna In response to glta
units comanﬂliia)a ppylerdd theseylaef edngmiging aaguralityeof date diity @nd afplusality af

header bltgﬁ’spé@@@fogétﬁns hﬁﬂh\ﬂe%&‘ﬁbado s of the header bits are
positioned at evenly spaced |ocations in the payloads

of tmeansr o areducigt @11 \Pfpuk sigeal T Hesppusg efov e gigitdl| audin
bnm&mﬁgémgm@ereln a first one of the header bits is offset
roman end of the protocol data units. 31. The
receﬁ%erThﬁ“%@%ﬁ@ﬁ@h¥n2&hdﬁﬁwn t he header bits conprise

one Dhividlf onbrRUead, ikt SHIHONSER evenly spaced locations in the
[ 1100101100011011000111003]1'
payloads of 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]
[101100011100110010110001] [000111001100101100011011]
[110001110011001011000110] 26 32. The receiver of
claim 28, wherein the plurality of data bits are
scranbled by generating a pseudorandom code and

nodubg- 2@%&%@@1@@@%@@%@3&%@ ﬁraqtatbhsargé&ambxed

bits. 33. The receiver of claim wher ein
by genergiing p pecyrlorgudom code pud modlar? pddipmie pwuaoratpslp@rcam tnyi the data
bits. | ogi cal channels and each | ogical channel is scranbled
and encoded separately. 34. The receiver of claim 33,
wher én L RerePRYT ehelaigi?Snwhiren disdreloco! data enits preragamged in a

plurality df; %g@&il SRRRNGNA GacH RYaPehafeY s %@rax%lg@and%ﬁcod&h Sphi@ERl Ver
claim 33, wherein each |ogical channel is scranbled

u3| nd aTheserstyr of dam 33, g’E?Tﬁ‘ﬁ‘é‘Ilq lpgjead ehpneditepetpss 4 gifferent

rates depenflin@aponfQeHRBeloashi ft register with a prinmtive
pol ynom al . 36. The receiver of claim 28, wherein the

pl ur Ai t Yhepecsiver af qlaimns’3avhersin eachlegispbehannel serigmbled pgng
a maximall-léngth! sSAMBIind Myhdrct Q018G a Aeart B&IbAR B ﬁa%ié%f Wi d prirhiQ0S
%re mapped to frequency partitions.
polynomia
36. The receiver of claim 28, wherein the plurality of data bits are interleaved;
assigned to interleaver partitions; and the interleaver partitions are mapped to frequency

partitions.
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