;e3e&tydp, 6T& 1 - 6 s E P 2002 FM | N- BAND- ON- CHANNEL DI G TAL AUDI O
BROADCASTI NG I\/EJMWM“MWEM This invention relates to radio

br oadcasti ng, cularly, to nodulation formats for FM

| n- Band- On- Channel (4dg%) Digital Audi o Broadcasting (DAB) and broadcasting
systems utilizing such nodulation fornats. Digital AudifBSERcaBffng is a
medi um for providing digital-quality audio, superior to existing anal og
broadcasting formats. FM | BOC DAB can be transmitted in a hybrid format
wher e the di gi FBll INBANDRHON-EHANNIEL DIGTALs AUDNQ BROADCASHNG v br oadcast
anal og FM signal . |1 BOC requi r METHODAND®YSTEM al | ocati ons because each
DAB signal is simultaneously transmtted within the sane spect raI mask of
an existing FM channel allocation. |IBOC pronotes econony of s i
enabl i ng broadcasters to supply digital quality audio to thei ﬁl H@mm We
of listeners. FMIBCC broadcasti ng systens using have been th

several United States pa i 465, 396; 5, 3159665383,
5,278,844 and 5, 278 826. R HB Of T iR NICI-?ON'Sgned pendi ng pat ent
application for a "Method and System for Sinultaneously Broadcasting and
Receiving Digital and Anal og Signals, by D. Kumar and B. Hunsinger, United
States Patent THy inventief, @é‘tesf!d %Hléuﬂ)ﬁba@lggétlr@f S@ﬁ@srﬁ&ea'baﬁMdIW {eAB

system The advantages of digital transmssion for audio include better

si gnal qtmqtt'@t'%tfpm@& fer s EMindmRandrOasiranne! r {IRQCY hdigikrl hARRicst i ng
P 1 adi o grbddiiing. |(DINE)Aland tehBalludiind (y&fEihs WaHkding e sadloPhiiullomv g

t he exi stl ng recervers to continue to receive the analog FM signal while
al | owi ngfEWEBOC receivers to decode the digital signal. Some time in the
future, when | BOC DAB receivers are abundant, broadcasters may elect to

Y WD 99/50980 PCT/US9910.t328 - 6 S E P 2002 transnit an all-di gi.tal
format. The g&dgitaiiAychp I%f%?‘i“é?qt'B%@A!@eidﬂ-‘méo'bPWQi'ég digitalrguatiy %HPA% ty

stereo disgkﬂéﬁér 34 0éAstiny Undled Bronbeadti I ROHAARE COUN YIBEOGNDAE tdahd Pehe
existing F (Mgnal The goal of FEM all - ital 1BOC DAB is to provide

vi rtual - EBngmitfed {0 ahypbd f&UHPbWQP%H‘%\F ally padviatedrivignalgasidayalt ty of

up to abewd oPfenihPBroadeBsN GnabgU FM s’igtﬁ)éirtlleCﬁrreéuﬁés?ltdd)m\eSVl befrélerence
environnent. Since there is ex ected to be a transition ”Og]wé
e

al | - di gi 4pcatisne 'B%@Lfst?r rack DAB siguplaispimidienegysly Yansiallte atl on
f or mat tléafneC%Eebl@aIUﬁﬁ%kbe ot bx@ﬁﬁgem ﬁﬁaﬁﬁb’:ltalldtﬁtlbﬁanﬁiBDmlpr@rﬂBté%e made

w th m ni nal gesmtr smt{ing e ment | ON 1
i o T aoanemY Pl SResirHEL WA Te Enab G bros s Tats tp RUPBGEIte! ATty Budips. o -
pL ovi d: Ngo 3héiF d@aég‘e’iﬁtbal“s'egdﬂf?hsitéﬁer% CEN rwdac::‘]I bnﬁ@ugawgoav@teafs aéinljl\ﬂan@di 0
channe pr ovidin a ural | r Sl de Su arrli ers an upper
O banibBERY His Myt &% crevaral LGRS RISt SRS dalidihor PRt s, et o e
frequenc, m)ﬁgexsemm 583 mabwtarid.QQEFB,Slze. abeutaddizion, kﬂcdmmasntwe
center fre uen eé}cﬁhe ra cha nej.: ovi di lLuralj r 15

pr.ovi di n
o} Qeband 2S8EnEg, Aending , waterd  APHatan St ot niruBy s o huRlest OHE (1t he
| ower si mandnéwsﬁg Bmahcaistmgfaed]mubngQ&alt andliArgaldg cBTgndusuby 0D. OOkHz

to about 200 k f,,the center fr of, t.he h ogonal
frequency KUEaY; %J‘_%r?)r%mﬁ 99 B‘F teldl %ﬁ t '%I tﬁeggslgf?%l ?[%75‘6‘1" ‘L%Cbl

si deband diadosearan ENBIB@CFD/@B(SQBwnerrent ary punctured convol uti on coded
version of a programto be transmtted; orthogonal frequency division

mul tiplexing the 20 plurality of |ower sideband sub-carriers with the
conpl enent aryT}menaduaretdge@rMongﬁtbbmramedﬁshiumrfs'r @Eudid ihdﬁled@rlmgtanmghghal to
be transmt‘h Enld transmttin ‘S central freguen ban nal ... t he

pl urali tﬁ”S'VuB’B egfdb%%%c?ngu ea{r Yngna'c rige np?”' af ey % r\?g}o

si deband chabnelar r ilitislly Werhyopdr firmag weuld e I‘gctupiteld ratldudnag itha édstingt , t he

anal og pr oG e gRath e e BB R AP M £ A it Hq g M ES
f ormat , !rdaemmsttoaiedodectherd:g«.taﬂ;slgha%l Goahe tlmmmthesfumre hwhen pBOCaDABy of
sub- car 1 g1, IRAYLaf S ke B:GhddsRbrsThgh ekl broadcast at an average

power sp



demsity less than that of the upper sideband and | ower sideband
sub~carriers. In the all-digital format, this invention includes a net hod
of broadcas conprising the steps of: providing a firs L4y Of
sub-carri eryélgg/%gs upper si deband of ,an FM radi o channel; pr%ﬁ) #”8043{8
second plurality of sub-carriers in a | ower si deband of sardh FYERPE0?

channel ; il [ |rst e sai d
first p urgﬁlpglggl %%bgqﬁggegﬁ%gﬂf% g%gr&%{j%gr(zéw d?rovf al ﬁgé%o%
ver si an@fhtprs(bgd?cﬁdigﬁag aadio {(plhs B&ERY WQ/Mﬁl%eou@y &aE—srBttZ&Q&eOe\h@tm » FM

transmtted,; ortho?onal |y freg |Q£¥ di vision nodulating a first group of
sai d sedigndl pihsragal of Fik alkdigy POy AR tSHosm‘dd@lVgiU@hC%qumeatem@r@dm of

S cor Prop it el BBl SRR BB DR Pt bbbl i n

t he pomgat@rpgg{téﬁdremr@}mﬁrmmthe th| rd plurali ty of sub-carriers is |ess
than the power spectral density of the sub-carriers in the upper and |ower
si debands; and t r Sinseitherd isgxpezied t ibe sttragsitop frof B)équd th |aHS£hglpdlLiB@|C Dy Bof
sub-cargj er sai | ISt rou of said secaond I ur al i of s carri ers
and sa IorEARy i Sl b §yalh iy Re Rt ARA R s e b ushos g St

transi {4 gpuHdnd 6L kA Pmidiabic Hahestif Thl s

i nvention Sr ovi dgs1 a nodul at i onl %?ﬂr‘r%l?&i éaﬁﬁ ﬁ“geetqgﬁot h hybrid and
al | -digital in-band-on-chafbMMARM OEIT}éEjW\éEbeFd)@Hcastl ng systens so that
the transition cap, be made with mni e in transmtting equi pment.
BRI EF DESCRI PTI ONTBR EESRAVP S 250 n%l' gﬁ% gasting CARRHPING ‘P%ﬁ%@ééﬁt at i on
of the S I

ol gnal. CoREE $rAERe St St FeRenf AR arPPAThR ch byl |

pr esent piuraléintof apperfsidpbamd fibkcarréers dhairappee sidepargisefithatMmadib chirmef. rvﬁtluency
all ocations and rel ati ve power spectral density of the si ?nal conponent s
for an Hie unﬂegﬁudalpanﬁmrmoptpm feqayengy bandaxtending femabouh ThOGKEE. tor abotht

i nventi LS en Lon the f Y/

i ocar rop Wik g RoBen FOERL) S RE AR hAMCE Brichdh BRERNESIsen <

for 13 hesidppaid ﬁxbd@bﬂﬁlﬂnﬂi [dviee sidbbdnBQE tﬁLABMsmnﬁbhdnﬁelaﬁmrtdamrmddbaﬁdwe
present invention; Figure 4 is a schematic representation of the frequency
al | ocat 1ng wathin # Bpauengyband extending from about -100kHz to about -200 kHz of the center

frequency of the radio channel; orthogonal frequency division modulating a first group of the
plurality of upper sideband sub-carriers with a complementary punctured convolution coded
version of a program to be transmitted; orthogonal frequency division multiplexing the
20  plurality of lower sideband sub-carriers with the complementary punctured convolution coded
version of the program signal to be transmitted; and transmitting the central frequency band
signal, the plurality of upper sideband sub-carriers, and the plurality of lower sideband sub-
carriers.
When operating with a hybrid modulation format, the central frequency band
25  signal comprises a carrier FM modulated by an analog program signal. When operating with
an all-digital modulation format, the central frequency band signal comprises a third plurality
of sub-carriers modulated by a digital signal and broadcast at an average power spectral
density less than that of the upper sideband and lower sideband sub-carriers.
In the all-digital format, this invention includes a method of broadcasting
30  comprising the steps of: providing a first plurality of sub-carriers in an upper sideband of an
FM radio channel; providing a second plurality of sub-carriers in a lower sideband of said FM

radio channel; orthogonally frequency division modulating a first group of said first plurality



25 power spectral density of the signal components for the | ower sideband

‘of the FM | BOC DAB signal in accordance with the present invention; Figure
"5 illustratgg t);)ﬁ%%otenti al interference between a channel bpeagdeaRkkN
-accor dance Wl?h

I's invention and the left first adjacent aﬁﬁ?%
channel in an | BOC DAB system 30 Figure 6 illustrates the’gt 02

.interfer between; i > i £ h IS L Aayention
bndt he (Tof prHER chiR & \ARRALY RORACSRRton b A(HOBHAP Nihal (h bk MedhslVet,

WO 99/ 50880 gty UsSiknd3ai8 isfonr modAatind® a X060 pfoug wfesard k&coad ilwaalidvfafesibbl ock
di agram of ~a broadcasting systemwhich may incorporate the nodul ation
met hod dRHHE WHA sad ghgitaly spdsdaisrsiprdcRidPrPgRmaenpHE PerEarsRigesy: PORCIRVENT S
Ref erri ng; QW FL qur { .G haRT i.pn .The 5
T esuencr Sy S0 R T U0 (USRS LD SRS LBl O Rl

densist y taé poiwer spegreldensiyadnignthiyd fpduralicy fBub-darbibts!iB(dss DAR the govdr spectian
accordance with the present invention. The hybrid format includes the
convent i dsasity eivhe seh-easTiens in Big Wpeiaid lepensdsbandsa apdivensnaiping: seid firdegrorp y

represen . e tri | ar . sha 4 positi.oned in.a,centr or_central
fr equenccilfes%%ctigf)d{r,SE El @S‘ratﬂ)@r ?t:‘l%qu)'c% 'et§1°"i e Q@h%rrsltngrlo.up ‘?ﬁéa'g&’?ﬁaolnd %%ré[}?ya(?rj PREETESR- ( pSD)
of a typindahidkhied phedidgofMbiagagicast signal is nearly triangular with a

sl ope of about -0.3 5 dB/kHz fromthe center frequency. A plurality of
digitally nodul at ekhcelngentipnsgise sdcanpnssear trarsmstters eangoscdivanabatodiligctther

si de  of the anal FM signal, in an upper sideband 18 and a | ower sideband
20, Hhd 3o¥e W&’r?g% tted concurrently with the analog FM signal. All of the

carriers are transyf {Rentfin FoPiB¥es nlcRVRkioh Métnat &lak 2aivbb Rk § 6oty bad
St at es Federal Communi cations Conm ssion 15 channel mask 22. 'The veérti cal

axi s i n #dgll-digitalsinewsdohehpark digitak rudip droadahstige rystems o mmmsedx1sidoa nmor e
conventi onal avera&e OV\§I’ spectral densi tg characterization. In this case,
the t ot afendmade yu ‘5%@" iCYALEES FyRSILIng SMBMERY ow t he FM carrier power

whil e the peak spectral gReREHESERIPTAMNEH PHRIMOANINGY |y greater. The
short-term FM spectrum I_S—fTDTE'd‘p'E'a'EY“_'T‘h'a'H‘Th'E_S‘h'OTT_( erm DAB spectrum

whenidbot h are obseftigwd liinaachenatiz réaesdniadom of the freguenclylallbeatae and retative he

description below, the digitally nodul ated portion of the hybrid signal is
a subsetPYertspectil |depsig; 9fgrhem@%i°@ﬁmon%mtfowmygaé FMaIRQS P48 signd e

al | -di gi | : tgnals froman adjacent FM channel (i.e. the
dzjgc@brdla% e%g{sgi??m\l/e e

first adjacent si g present, would be centered at a spaci ng of
200 kHz from the ciiptrer2 ioh stheenatioaepredentation of i dsiquerry dilocaiivas embethtivent  of
the invention, referred to as the hybrid FM I BOC npdul ation forpmat,

95
evenl y sPEdPestichdgsitaiof theeterm comipaants Br apcdicdiga FNIABOY Dabbsigaalriner s
are pj acgcqo%gg&ka\gl_@] @ﬁ?@esg ti)&\gb tiEIIQ—Et anal og FM si gnal occupying the spectrum

f rom about ou away fromthe host FM center frequency

as illustrated by Figérepiparscisdntitioaestestitation of the flequericysdlidestivnd addrelativei gur e
1. In the hybrid systemthe total DAB 30 power in the OFDM nodul ated
sub- car r P&¥Y spacted cisnsitydelodia bigngl sempensnishientthe pppeypsidebpad of ¢he BM IBOGost

anal og FBIA@X@E&I in accordance with the present invention;
Figure 4 is a schematic representation of the frequency allocations and relative
25  power spectral density of the signal components for the lower sideband of the FM IBOC
DAB signal in accordance with the present invention;

Figure 5 illustrates the potential interference between a channel broadcast in
accordance with this invention and the left first adjacent analog FM channel in an IBOC DAB
system; |

30 Figure 6 illustrates the potential interference between a channel broadcast in
accordance with this invention and the left first adjacent IBOC DAB channel in an IBOC

DAB system; and



WD 99/.50980 PCTNS99/04328 - 5 - 6 S E P 2002 - 'fhe spectral placenent and
rel ative signal power density |levels of the OFDM digital sub-carriers in a
second embogjg el the invention, referred to as the all- dp@iigboilyk DAB
format illustrated by item nunber 24,45is shown in Figure 2. In this

enbodi ment of the invention, the analog FMsignal has beer~feBF2087 an
optional additi Onﬁi ued 9yp a%ﬁmgz@d Blosk! g edih 'o@rasbroz{cﬁﬁs@fn? edstefh Rfiichhfay

ext ended al | - di gl si gnal | ocated in the central fréquency bana
Once ag'ﬁlicﬂrpeveém @M@@n@@m%ubﬂmar%ﬂén@e&tlw positions in an upper

si deband 30 and a I , b 9 all-digital
format of Figure 2 : , S 1. In addition,

t he power spectra v, 1 i gig S nds
is set about 10 dgeﬁi g eTtt(ytt gn(ﬁ%wha% Fgol\%eé f|§n£]t Eﬁénhaylgrl 'Sels %@ Mj%%a

si debanfitequehby allpcativhd éspettid FAidendngiahdlrelaBQRCpswWeNPpectsil tdhnﬁtySd)fgﬂhE fslg(ha.lnt
performance adva urt hernmore_the Povver spectral density of the

ext endetPrapTIEaisgPt afvaighyl 15QCTB8R LS b@rbaéacw»aqqambfhetm@sewmqnanon BaC

si deban g SERN tehfs pr
adj acentﬁﬁ%ygﬁ% f?rnmél g?eéotthgléohg&%éiagﬂgl M\Aﬁ??lagmp 0 Fr%g lgagdl

capaci t ypetwal ddrkay réprgicnadd Benhd efmgutar Shdpe léspﬁﬁﬁ@féﬂ'ﬁﬁckﬂdeﬁtmt 01'[ ch:@tral
ext ended data sub-carriers be set at a relative | evel of rou h 15 dB

Bel ow t Feqyeage pagd, lﬁn@rts@rheﬁ theeghanaghp -Thg Fower Spectrgl @enetya( oniygpisal
et ‘{\?e”a:{ E lgffhlr%gajc%ﬁtselgal% Sga?lyeté&g%ugaﬁ;%v@fg rs]lg)ﬁé b tl.%tg £d 25 dgh@—fzpfe Cle alt 0

l nt erfeé@mefr b3t 10 PlurAfe BBt mbhlaleB el EITsFREBEIVAMIQY 8le Embﬁ@j first
adj acent al | ?‘ ital station is -6 dB at the 54 dBu 20 protecteﬁcai) cont our.

Thi s i som higharaiste dfahe apéogoBIM sighal finragtuppetj sideband &3 and dlvsver hisleband @0, atde FCC

gui del i ne al t h there are.exce at cl ose-s
- 8t enaett it iR AL BT e ek B ichfC A F RE e cRE RS R dbsmitHE
sub- car gigywerdevé el #lisVeithBY tle Ohite® 5t FEaBall SeRmunithlisnd €¥eimi&ion
interference includes some margin for fading and should not result in
si ghd f i ceanneldegskadat Tha vefticahexisan rFlgurgrlaﬂhowIStdhe\peak powe mctteatdbdsntyaas
sub-carriers,would 25 suffer when the first %Jace |nt.erf.erﬁ(r i.S -
| oner sPPRAsSSY A MrerqnyFRional ?rﬁr?ﬂesﬂi’ﬁve&%ﬂc}felr raﬁ@r@a‘é‘é‘ Pé‘HéFathan
the ext gpdgth daL-Sided L8 gndl Eow&ﬁ?ﬁ% BoWoHt NP EartiBPAReE vV)?tfé“thE Reak
ext ended data sub-carriers such that one first adjacent Interferer can
t ol er at ggbctrhlf power entibeappesksdsgmificantiyegreater ed hecshbe-ternr & M abewmtine id h@re

i ndi cat!ve of, the rotection provided, then consider raising the |e
the ext effd¥ 08 St BAD pRscir wisn bPé}B @EedoRserved madefgﬂééanft“gtff 63 is

e i e t I
Geneyt Sﬁ%f&t‘tﬁé’é%énﬁtﬁct%asﬁéﬁéﬁf%t&t AL s i PSR, GEETHIE
si gnal bignalds arsdbsec of e tall-difieal (I £B aipall thatewill ientranksmitfed g tiesalBdighal IBOQ he
potential sub-carrier |ocations WO 99/50980 PCT/ US99/04328 6 - 6 SE P
2002 ar @AB ey (assi gned nunbers) ranging fromzero at the FM center

frequency to plusc nals”fr@t“sﬁlrgZ%a@etntWcﬁ:ﬂﬂt@ﬁ(&f tlt@ﬁrsfj'%)a ltZF\}\;f%[kgt c‘,hannel

with the positive assi aving carr

center breeemewcyldambehh&drtagadpwﬁg o0 pbEkHz fow the céﬂtaoufehmcmna&ifmkkte
channel center frequenc%é The sub-carrier assignnments shown i
d

par @it h&is ese ambodimentof umtynst@&rre it gaithe IybriddiMidBOS) mOé!ﬁ@mm@rmat

b- th band f bot h | ]
oyot o 25 Pl hpctd GRREGndl SRRRG, BlisRPod et OEbEY p-Finsrchi bl
DAB subofiadath &fide of thet Rt hhelt)grmdsl%mwéw@m &5 tHRef spebtfurh TR tabet, 129NEH 2

i ndi vi dual OFDM sub-carriers are QPSK nodul'ated at 689. 0625 Hz (44100l 64)
and ar e tlopuglodOR akHz mpac&ornatheaMtFM 2@ntes SeamENGzay disoated 1135(B1gMer af t er

P2, SRR 18 B SRR AR SRR S B

di f 361 eneRef o OFDOMhAORRte s %@Jm&fs %geh%mtaebéﬁttﬁs YRRE hbotlt IBPE Eelative to
represented in Figure 3, 1s conprised of information bearing sub-carriers

140 thrmu@bmzmﬁk@dﬂﬂempmndlng to subcarrier frequencies 1 O 1,744 Hz

t hrough 197. 67S Hz. Sub-carrier 273 is an optional reference sub-carrier.
The upper 15 sideband is shown to be divided into several groups 34, 36, 38
and 40. G oup 34 represents the main channel and contains sub-carriers 178
t hrough 253. The main channel sub-carriers are used to transmt the program
material to be broadcast in the formof data bits of the coding algorithm
at arate of at least 96 thousand bits per second (kbs). The main channel
may include ancillary and auxiliary data. A second group of carriers 36
occupylng sub 20 carrler p05|t|ons 254 through 272 are used to transntt

B o ”~ A




removi ng stereo information. Sub-carrier group 40 includes sub-carrier
;positions 140 through 158 and is used in the all-digital enbodinment to
“transmt a qg) Pweskobackup version of the WO 99/50980 PCT/ UgQuD4B8288 - ' -
-6 S EP 2002 - programmaterial at asl ower data rate, of _fgr %ﬁzm
kbs. The sub-carriers in this group would not be used int esggr

- embodi ment unl essThéepeanall pdgreheAeardoethtist gigadl posvef dedshg nevesad fethel@EBM | n
the all-digital enpbodinent, the sub-carriers of group 40 provide data that
can be ¥dd fu§-geHEersiehiccand embosimentofithe inyprfipm referagrsier asttagrali-digiabFiai n
channel I o) { r t ional r.eference
ci'gnal 92 frdPIREkELehy Bl BEF2).0 o LREERCR iy A B DR BT

desi r edinvéhsor, OweinafigdeNanmasiie Ween Fepkicgd bg ad opfiéial additibhf grdupBgeOEbM he
upper sideband format wi th negative indexes and frequencies. Lower sideband
mai n$ chahearriars, ieéireditngs theexéanded all-digital signal | 26¢ bacpigd $n the7@ntrilr foeqylancy253

per *s PSP e L R DN TR Aoy S oh PP GhG St ar o
utilizegdnd BIdWAE SSRBENATBNNEhe Sdehdhds B hre%ﬁdii%ﬁélq'oﬁﬂatgfqu@n@@ar@&i@é?Qhél'p of

t he upper sideband. The sub-carrier in position -273 may be used to
t ransm theasidebpnhdsonbFigued ér dncasldgtiopnshe pdwe spebiral adensigyr $eviehobttehalbiigetblands

use ort nal frequengcy. di visio t.i.pl exj ng and are FEC coded i.ng
Conpl erhgaryEsh FLLTREE il vt | hda iRyt g el onpt i bt 898 TRhEan i n
the |grt sidbQind€*amls proviies She Kl-tightal TROEP SBARNGARY aPUBRERIp&RINMARLE | ON
(CPC) Codes and Theit Applications,” IEEE Trans. Comm , Vol. 43, No. 6, pp.
2005- 2008vantagne FufiB&moreTthe poetesmeatal denkiticeli the extsndddf allidigital sigral iscabatied at
pl us or  mi 73 with.center fr ncj es of us or, mnus 198,402 Hz. The
ref er enég1 @ﬁﬁ”—eﬁ%ﬂ’ rtW%‘r ef \kk&?uﬁ‘?ﬂbrﬁf{e Iﬁg)gﬁlséf{egﬁfldﬁo ShipgIgEsner SUmEsiespAtse
used to; = I . he.: f | k | ows
tho r eot e GralBne U A Ench B i il FOCHBnal AR pobfne sl 00
st ar t i ngapsicity farfoeher digitabseedcesub- carrier, or differential detection in
frejuency starting with the tinme differential detection of sub-carrier 272.
Idedfly, in the abs@reemprended bt dieapteadeddata fih-parrigigibeget Permistivadee! my
be bett gf r&@h@g 15 LSS BRGEVE t?lgrortllle?rm%ihbswgyc%ier%t TR isP§ cor%gromisei.
advant ageou o elTmnate the reference sub-carrier to mnimze potenti al

i nt er f eberwaen fth® BusareNOfl tieds arRAtedAbb-sargad| and Titerfferdcbns tRAGhataI sub-

channel occupying sub-carriers 178 through 253 is formatted identically in
bot h t heamigrr¢fcp Hrstl adjageny pignala) Tosgssessrtbe patentdal dper{erehemsibiatipn asyrerithgl er

vt or ends® SRCRRE TS CRETSr GEIRSe oGRR Rl RubRAF 0 o8, e B En TG

and 2al | padtedtécaborfiongt ETHs isTihe $aser ot eliecpai of Atst-adjhcentBtatiand that medEthe RCC
modul ated with an alternating sequence to permt assistance in frequency
and synigsidelings alhoughuthere: irerexgentions 4bati arg. clasqessppgeds el he ¢xteniyd dapsubh80

PCT/ US99/ (d3z8 -, .6 SEP 20 - odi nent_ of this invent.io S

e copt (ATEE PBA dnsitorg Snrac irsk P gsent Fibn Rbreelsfe At SRS Rebiiiaf aB

al gori t hgas- hmg e Neviehsf inteblefte RicluiesBs e hakin For ﬂaa;ng%a sBOEA ndbresult
a481, 614; 5,285,498 and 5,040, 217. However. it should be understood that
t hi s i niensighifivantsdegerdatiomifithaimpin signal.ublowsterpthesapended data dhlycargeisnyould

algarith 5. Sub-carriers 254 through. 272 (upper and lower sidebands
carry oirber wiitite iradAs S ettt 8 P 1t HRRE s BrisRH S el SP-BEER
hybri d agpshidbk o0l iLider 4R BIBxteddid ddiROHIERSESN FHC Bdihg YvoRd Be Rfipéted

i nproves the FEC code rate over the main channel fromR="/ to R=215, or
R=4/ 5 orupeadhe sitchelod dataisnleaeiatiesuth yhat bne fitse agineme interfarér cadjhadeletatahalfinel

FMinterference, these oute DM sub-carriers are no vul nerabl e to

Cor T upt 1 BREX AR 1§ PERCFIEG 1 o AR AR LI o, G B YRR e SO BAHEEL

i ndepen j & , 1.5 |14 %osl{4 ggoul ar,
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fremeency of a firRgured &censtheniagioakpreWdneniopasfi thy phacemenr end redatbmei pdvest, t he
coding and interleavin rrm% be specially tailored to_ deal with this

. g. ) | .
nonuni f oiPEstrah densityraf thesignsd gompenentsfor HisHpnan déabanh obFM IRGF HAB signalsin
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and sub %cg?r;ﬁl&gcregﬁl&lig% p??lérg gtulal&la{t@% *i? I’%I:Y i %s{]}pg’rgfg&'(@?g’? %tggtll%%g? Egﬁgélﬁh can
carry either additional parity bits for the CPC code, or data. This
selection is optional in the hybrid system but mandatory in the
all-digital system The transm ssion of parity bits here inproves the FEC
code rate over the main channel fromR="/2 to R=215, or R=415 on each
i ndependent DAB sideband. If Zo parity bits are transmitted in both regions
159 through 177 and 255 through 273 (and correspondi ng sub-carriers in the _
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The 1BOC DAB systemwi || transmit all the digital audio information on each
DAB si deband (upper or lower) of the FMcarrier. Al though additional
sub-carrier sydeys9sh 25 the baseline systemcan be activated poreshinst he
transm ssion of all the code bits of ghe rate 1 /3 FEC code, the baseline
system enpl oys a code rate of 2I5. Each sideband can be det-egt ch’ang]Uz
decoded awqﬁméw@da&igued/m&rhba@) FiGifpORbMzeddtah RCAENRtr HYeqed 3T @ fthdor
(optionally rate 213) convol utional code. This redundancy perfrits operation
on one shideband aithd edgeseoforhiel00i Id [z bandypdiad withothe \positive sesiginertohavisg des

cormens P AAREEeIcs, S0 SoTs POE GRUFT oLy ) e duetive PHERBPanE
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adj acent interferers such - 6 SEP 2002 that a "recover DAB si deband
can sSuppaemtrsest dbove fpofiequensy stalralfiguted inchude\all aptidnalguraamiemnd tisd gpyet
power ovef . an ne sideband. The,.all-digit syst, Il outilize |
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code. Thhdividowe OFDM esubaakrigps ded QPSK deldalaed hto68N0ERSCHz gd4 FOd/GRnd arsi ng
time diversity. This backup data_of the al i gital stem repl aces the

h |-d
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PCT Publfieg@brdschie shoM §9/fa08hcy difie@BnderorVBidthaitan Beterdrigaericy. cor r upt ed,

the backup data can fill-in the audio segnent. Since the backup data is
conprised of an enbiedurngr sideberd o¢presgateduinnFighegnhels eampispd o€ infomatisaick up

| e .addj t i onal i on_for. in. | . 151
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option to extend DAB capacity. The channel bit rate over this "extended"
bandwvi dtsidebandsushowodd ihg divdedbmie s38el ghypws 3Beimis§anid0f @bup B4 seppesadtdi dt h

b ted b fi t adj nt i t CPC EEC i ]
Cechni qu° SO FRnBY Sgidoniing SbHaTaes b hARP oG P MBerER OISR RFARS | e
sub- car rjensed td BhRLGD tﬂe_”":?%ogﬁﬂﬂ HAtEM1 Y HeroSdtaB inthe tHR 0P Ma@Sbits of the

I
sub-carriers -1 through Then, 1f either half beconmes corrupted, there
wi | | st idodinpealgonitatmeat2d Bite ofpl least idbathyusand ditopet seeomd(kibisni The twainf chahmelt hi s

case, the information capacity, after rate 1/3 coding i s ahout 128 kbps. The
ext ended®1 inchids m“aaéﬁagiaélxa}@ﬂbgé@- th et ere A ety Prosrimag
Firsfy addailﬁﬁftqun%hg hd4 Qﬁroﬁél-}ﬁli Qfet \i’sleii kY EAdEHE g,ﬁmy Wadera RiREERLp Bf Slfisiked
contour guidelines, the maximum |l evel of the first adjacent interferes is

- 6dB r el @ihibeaustd td bmryho24 kbpsitelayed vefsiomoftht ipregrara dpeaereah fori tnbieg febackups an

all-digital I1BOC, then the inferferes can be up to 14 dB hi gher than the
ovel - orPUERAEShAisrviDroh HESIBEPRIRNS Beth b RREicth s 1B 1RO S SOPUP e bY

positive ' Lo i Ngqal I ' of
Phe. i nt efesfs MR chlch af oS IRt lbRE R MaReRREEH (8 chafhol PTR by

i npl i es élpehdable @dde Bitgiatalpldced n e Ara@NOFDM aubesidrsiuThe gpeaidableasits 20
dB bel ow the signal of interest (20 dB di/.du% before that half of the

ext eXdedcarimbute deagister the freredistprdecnt codingrgain of dsdombingdcode gad thsy ase keapty| e
with both first.adjacent r N1 WO 99/ U 2 SEP
2002 - 20‘"&§ir{aﬂé&%\%r &G ecﬁé‘gé‘&“’% gt e ?@d%i 58*?%%8%%‘?3%32%@%%‘&3 east
one fir sgarAtisAeeibed 8 cardPthdsd Sipehdib®y bitsConsi der the possibility of raising
the | evel of the extended band as high as the hybrid DAB sideband |evels.
The extended band Anpthef groupod sub-carrfery 3§ isaujed de the Hllydigitel ambodinesnt of dhel v
-6dB at the 54 dBu contour. Simlar the,interferencg to, an allsdigital is
36 e, REnGoR fechpgvir i bits L APl Hash aEd RYSReRed e SR siopuGieB o6, o
not 98 AnAshtibhSif el andliodi sigtal 7 HE ANEAS frequineP bR i€ sdafodedask, Fbr SAMpRY BRNCE
should be achievable wthin the nornal protected contour, except in areas
wher e botdméving steredjisfoematian. Sri-carderereunyH includes subRasgter pbetiorsd40 diroughe
extended all -di,gital,K bandw dt h are surround-sound, ,§l ow scan vi deo,

dat acast il A8 ang g usepninsthe all-digial erabqdiment Lo dranspu ar%‘%@l’ RPChiR Versigy &f the) e.
The interference to and fromthe first adjacent channels placed 200 kHz
away fromthe host signal can be derived fromthe relationship of the

adj acent signals shown in the plot of Figure 5. Figure 5 shows a hybrid DAB
signal 54 having a central frequency band signal 56 and upper and | ower

si debands 58 and 60, and a conventional first adjacent 15 | eft channel 62.
FM st ati ons are geographically placed such that the nom nal received power
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Anal ysis of the DAB to first adjacent interference at the edge of coverage
:showed that the total DAB signal should be set at about -21 to -25 dB
‘relative to ywhokhdshost power. This reduces the adjacent DABpifipssdicassnce
-ratio to the FM signal from about -24+B to about -31 to -34 dB, assum ng
“the D/CL at the edge of coverage is 6 dB. 30 Although FM chdnrSERRB0Ag in
- SO COUpropta®$ naterih0 @t & kdavertdaRS@tel bf ok eR4thile 2AtkBs.aTRe SRPGHTASHIIE &li¢ ¥roup
separated such that FMreception is not inpaired within the coverage area.
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for 1 BOC DAB. An OFDM signal consists of orthogonally spaced carriers all
nmodul at elgcatiora Boreprasenty mh eiptioad] ecfefhee sighalddueliuy sigpaonaygbd weed fecsianajul ar
pul se synbols.(e.qg., BPSK,. QPSK, 8PSK or QAM is equal to the synbol rate.
For IBCI?‘W%%‘?(H%L&PWS@%?W AB signals, a redundant set of OFDM

sub-carriers is plegedolit BiaoARoMbwWAGH #i'garet@, %&% %opwﬁaﬁnhéhg&erof a
coexi sting F M channel spectrum The DAB power (upper or |ower sideband) is
set to afidehand AbrmiB with atgatvetioddxae akdfreigmmaics. Theet sideband ndaia phatiirchl44
occupancy of the DAB signal is set t% limt interference to its FM host
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However, at any particul ar Tocation in a station s Coverage area, it is
unl i kel ygiohps 46,018narfdi 3(64re atijiaetint the ¥irhd mangphiab teasnblcyrrieit v dréupe3 6M38nBAB.
Therefore the upper and | ower DAB sidebands carry the sane redundant

i nf or mat #&f she Mpperasidehsng. ohlee swhieasterdin RosHiQNded 3 taay-be useshifu ifeawueié afthe
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times tend to "gaussi ani ze" these short-term degradations. 20 Figure 7 is a

greatliy €hfp) ¢adead CBCoradespeedinamingn the ait.dpr eamplriises Brisalledasiomplemnentary

construc i co n j e iL,pvention. At itter 72 inclugdes
Chput s 7h b BAREHARDE FobE] Cobditinl BRERAlcadpl ! BERE ThS] Gl oForie

mat er i al Nof6 5802068-2800R0end, M99y, 78 is included for an additional data
signal, particul arlﬁg for use with the all-digital nodulation format of this

i nvention. The trafserefergnceasubanamiessy iffwedraoeosaied atgdusamanipng 23cvitheeerg 25

whi ch operate in accordance wt.h prior._art processors.and exciter

produce. ERustsies oAby oEseiBABrHE TR refRises b irg i, Subld b TaAus oy e
al 5026 edwif the SAHE BEMPSIGHASS Med 36 MAufb: SO D7D B& tRE PEVRIAS FRBSI tirhel N
conpl ementary punctured convol ution coded signals that are error corrected
i n bl ockT8B alloavsfthel racoivar thedption @f pedorming Hiftepgnitinledetaction ¢ Gequenty) staftingt o
the plurality of .sub-carriers usi. or.t.hogonal .frequency division, ..

modul at i St PR BRI s ofr IflEeRbtl fkeHPn it TEMESEY Sng PHB s S on
line 84 yiFfeHRedeRbid o SEhkartier am ena&lySin RS &R 0¥ GhteSBreh&C B St he
transmtted signal on antenna 100 and dendbdul ates the signal 1 n denodul ator
102 to r éxlingrperfoempucegmayn beabater alsingnitie asfeoncaselscatdera, Hofweverg lituohag. beThe
audi o Vg) 99/ 50980 PCTNS99/04328 '' - 6 S E P, 2002 information is,sent to
a spaikePIRRRESANS Qrliningn dhe telgrgnce;sub-gagier fosmininize patentia) 18GHERGRCe TRl @

whi ch ma f [ y or other device that can further process the
dat a. Thge%ggggﬁfélﬁr%%tsfg%@pr ovi des nodul ation formats for FM hybrid and
al | digital |n-BandheroChiagsnPAC(mEGhabhe)idcadpyfgdiub-datrizas] ¢ 2% throh@NBRS3 is

systens. The FM hybrid 5 | BOC npdu] ation format is backward conpatible wth
the exi stemmptediggnsicdlly nkath the byhwidiand alrqigital gystems. | Boie maiy ghapnelos cpdsdat

i s back j i e ri BOC 5] I I.CH
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dat agast istl-caieaCif tuged, Maculdabsl B 1dentidad i Bbth Iybeident ell-digite s3kte@¥ Chese
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program material in two sidebands (upper sideband and | ower sideband) which
are potentially inpaired by nearly independent interferers with independent
fading. If one sideband is conpletely corrupted by 15 a strong first

adj acent FM signal in the vicinity of the receiver, the opposite sideband
"must be independently decodable at the receiver. Therefore each sideband
nmust be coded with an independently decodabl e FEC code. However, when both

T ] Y e 1 o - N o o o,



enbodi'nents, it should be understood that various changes nay be nade to

t he di scl osed nethod and system w t hout departing fromthe scope of the

i nventi on wiwe@tg/sessodefi ned by the following clainms. For exanfd®yUsaeii28 t he
above preferred enbodi mrent shows the ause of QPSK using CPC QE%E/?Q us
ot her nodul ation formats and code types may be used, such 25 K=Urst

2/ 3 trelelibwdone ofitldsl limtenton fiswks laopaectphial amﬂimpbdmga(PARealgoﬁdhﬁmwﬂpomk

code. 99/.509 at is claimed s d of broadcast| ng
conpr | s.aﬁgot%él%tai&%vﬁw hasTeer s M@‘aofl NUEAEEOYS ‘ge%‘gﬂw&w A Reft
broadcast)gsi @rsaaha 5B zqf?ntmb Jef ‘?ﬁéﬁ%ﬂl@%e%ﬂ&s&%d e FiYL fn@gﬁtg)%lg%gpﬁlplted
providing a’first plurality o carriers in an upper Si an said FM
radi o s tchensebf pae¢pdual ppdio csdldgbaﬁdthlrrw ng within a frequency hand

extending from about +100kHz to about_+200 kHz from a center frequency of
sai dSradi o channelSUbiaBiETYi2g drateboA® (rencal andy lovers sigebands) 6pgY | ?itbﬁfl over

si deban | I I h|n

o1 bR PR b LR, LA bR TR SR

center fira@gHRBiIGN 00 barst lbqits hadiiMpfda iRIFEOcode date dlkrile thafd Elfhndr oA RGA"/ said
first plurality of sub-carriers with a conplenentary punctured convol ution

coded ere8da®, @eRsf*@mmaCbﬁ@gbmnnmpemdcaﬂv rothg Ipagsenks of afijacent chaangh FM sai d

d pl | it th d t d
convol utTEHeiebtredRoer Srn OSPM ares B marevaravk e ePEI: rdgsai d
br oagdcashtefb @@ on ¢ q{)ﬁérraﬁﬁ lgwerumdeéangﬁisdmae;se%heml ugiakd the PEDSHDarl FM
carriers and said first group of said second plurality of sub-carriers. 2.

The net lochdoést sigaklis nsaarl/yrmamuharbnhes thefintserdncoinpiceses as the YOIIDMctubraadriers

convol ution co verS|o d progr.am material. which contribute | east
to codi ﬁap@a?*hqﬁ& e s g HarerE St Qi piLalp e LR celEbng

plurali ta\ﬁd‘?ﬁteﬁéﬁ%{‘g@héﬂf Bé §péci>éll99anfo?£cf B&RAl WtIPMHid AshunEBER intd FEEMR VYN 180 3-

The nethod of clam11, further conprising the steps of: receiving said
br oadcashe somymahicatgai af informaticgriombustt said first plurality of sub carriers

and S d 110 SCaUR ol saidyseaend gLl LY plocE SRl LASs o0
o L ke LY 7 A BIBLh rS SESEDMBI B ]

an anal dgtstM the CPC code, or data. This selection is optional in the hybrid system, but mandatory

in the all-digital system. The transmission of parity bits here improves the FEC code rate

over the main channel from R=': to R=2/5, or R=4/5 on each independent DAB sideband. If

20 parity bits are transmitted in both regions 159 through 177 and 255 through 273 (and

corresponding sub-carriers in the lower sideband), then the overall code rate is R=1/3, or

R=2/3 on each independent DAB sideband.

The IBOC DAB system will transmit all the digital audio information on each

DAB sideband (upper or lower) of the FM carrier. Although additional sub-carriers beyond

25  the baseline system can be activated to enable the transmission of all the code bits of the rate

1/3 FEC code, the baseline system employs a code rate of 2/5. Each sideband can be detected

and decoded independently with an FEC coding gain achieved by a rate 4/5 (optionally rate

2/3) convolutional code. This redundancy permits operation on one sideband while the other

is corrupted. However, usually both sides are combined to provide additional signal power

30  and coding gain commensurate with a rate 2/5 (optionally rate 1/3) code. Furthermore special

techniques can be employed to demodulate and separate strong first adjacent interferers such



si gnal nodul ated by said programmaterial. 5. The nethod of claimd4,
further conprising: WO 99150980 14 a second group of said first plurality

of sub-carriers; and a second group of said second pluralit
sub-carriers; PCT/US99/04328 - 6 S E P 20902 said second gr ofﬁ)(gEPs;ZQBZf. rst

plurality of sub-carriers being nodulated with parity bits for said
digital ly endbated reenvstedn IMAB srdshantheanesuppleaient thedoppositd sidehmod el impowp of

said second pluyralit f.sub-carriers bein dulated with parity bits for
sai d conpl errracﬁﬁléllgfagﬁ/ﬂ’gits Ep%%‘?{\f)d’%?’r}yowecs%ggn ersion of program materi al .

6. The method of claim 5, Theahldegitat eyeddrh SHiNQitilide sib-catrigfsOLd @fougai1dsfinr st
plurality of sub-carriers; and i o a third group of said second plurality

of sub-carri @reup 48iaf theivnpersislgpanst andhseb-earriges-190uthzoughy—6x8 efitheclowerer s

or ogram it PP b BB blorit i Bl Stsnrithe B dn IR REFE YR, BT 2

sub-carri ers kbps Rgnb¥aded 2R cvdd. h T Idwerbiates bhdkup S@it4l i€ ABRYE®S ledhahce
punctured convol uti on coded version of programmterial. 15 7. The nethod

of claim1, fPeFipHBINCEYFTEitEnhdiversitsedbisbaghupgptvefl hgjall-digital sysierarenlacey of

sub-carriers; . sali <P |4t - riers;
. said second gﬂrl%lglga 1@% %gg?gﬂfi %@F‘p% ur%cg?)(s?e f/ﬁ g@?@ﬂg_%egél‘;i’t%égrﬁsﬁ %mgﬁﬁﬁ%ﬁegt ed
with digital lcg-pendingedpplitdiion otal Siystémar atd dvicthaddF@o Mitigitisg citengtantp of

a0 d complemINEERIRY it AdCED RICUBIBHCEE STt S Ustoosha dpghatcT |
Lo 1 Lo, BT OO A 1 kORI b S
plurality of backupcdata car 8ll-is shedaudin segngpnbufinoé tiedhadkdp date iptampmiset pf af
sub-carriers elr)n ieggedngu léleta})fa ﬂlewr.ntélili‘]l channel data bits, the backup can enable additional

error protection for the main channel.

15 In the all-digital embodiment, sub-carriers from index —139 to 139
which are located in the central frequency band 28 in Figure 2, can be used as an
option to extend DAB capacity. The channel bit rate over this “extended” bandwidth
without coding is about 384 kbps. Because half of this bandwidth can be corrupted
by a first adjacent DAB signal, the CPC FEC coding technique should be applied to

20  each half of the extended bandwidth, i.e. sub-carriers 1 through 139 should carry the
same information as sub-carriers —1 through —139. Then, if either half becomes
corrupted, there will still be a rate-2/3 complementary code on the remaining half. In
this case, the information capacity after rate 1/3 coding is about 128 kbps.

The extended all-digital band is exposed to interference only from

25 a first-adjacent hybrid or all-digital interferer. Under present protected contour
guidelines, the maximum level of the first adjacent interferer is —6dB relative to the
host station. If this first adjacent interferer is an all-digital IBOC, then the interferer
can be up to 14 dB higher than the level of that half of the extended band. The
extended band starts to positively contribute to the coding gain when the spectral

30  density of the interferer is about the same level as the extended band signal. This
implies that an all-digital first adjacent interferer must be at least 20 dB below the
signal of interest (20 dB di/du) before that half of the extended band is useful.
Reception of the extended data might be possible with both first adjacents present at



parity bits for digitally encoded additional infornmation; and said third .
group of said second plurality of sub-carriers being nodulated with parity

bits for a W@mnt ary punctured convol uti on coded ver si onpefusiods2s
addi tional 30 I nformation. WO 99/ 50980 PCT/ US99/ 04328 'S - SSE P 2002 9.

The met hod of claim 1, wherein said broadcast signal corrprl‘ﬁ

pluralityo @8; soweverdobu&irésepfian th falingGrébablyaddqhitesOdt 1600l &ljscehedtNS0
nodul ated with additional digital information. 10. The nethod of claim?9,

further dBowpeWwssi ng: 5 a second group of said first plurality of
sub-carriers; and second grqup of. said . second .plurality of syb-carriers;
sai d second g.roupcﬁfmg%fﬁgc Pﬁ?ﬁﬁgbﬂlltﬁloﬁfﬁflpgf}’e%v‘gt%r aﬁxﬁﬁnéi‘%b% %&‘%@J[’%t ed
Wi th pahibyd DiABSsifand &velsd IThe edlehde LA GRE RAS @1 Rt A RIFATPORBESHER! |
and said second group of said second plurality of sub-carriers being

nmodub at eolyl-64Bwat the SdaiBu gonkiur s Strodarkyathel irgenfgykseren taamil-digitat iurlédiBc oWhdt ut | on

coded velrsi on of pro rE{gm mat er i afj 11. Ihe met hod of claim 10, further
conpr i siifgCovaragh i Fe 8‘ iAbustness ¢ the jexiended rreagn e ot 25 @90 Asrthe pl-digiigh a
third g | ' : CAE L] . ' | oup
of sai dsggtr?asn;a g’pﬂégéljg?bﬁf%go 02 hg{f%abg%ﬂouwngﬁ%%@%i{@ %%t OgrB‘Iél:Hr@gCt%?t S

for sai dostogn, erdepyineareazdeltbry bothi firse dulfacpritaggrmaie aratsignifRbat. dsibRiwded & thel
group of said second plurality of sub-carriers being nmopdul ated with parity
bits fofxgaded abigitalnkandwidh gimeiripuag-seyrly slowt-sGA Vidsaedataesting §tof Thsegr am

mat er.i al . hMm..9 her conprising: 20 a second group
of ?gi deﬁe%ﬁd %Pﬁcregﬁ%{aggBe?ggg%?dgg}rerefvg{rl%{lé'and a second group of said second
plurality of sub- qaeriheffsrensaidaie Gondihgr P adihcemtichanntls Siladdus apoot KHOT

sub-carriers being nodulated with digitally encoded additional information;
and sai awspdomithghossigal san be desseAdrm teaklatipnap SUibe cdiorerd siznblsishoin
modul at ed 25 i (R pari L yebitss or, sai.d compleTentary, punct ured, conval uti on
band signal 56 and upper and lower sidebands 58 and 60, and a conventional first adjacent
15 left channel 62. FM stations are geographically placed such that the nominal received power
of an undesired adjacent channel is at least 6 dB below the desired station’s power at the edge
of its coverage area. Then the D/U (desired to undesired power ratio in dB) is at least 6 dB.
Knowledge of the ratio of each station’s DAB signal power to its FM host permits assessment
of first adjacent interference to DAB. Similarly the interference of the first adjacent DAB
20  signal 64 (with central frequency band signal 66 and upper and lower sidebands 68 and 70) to
the host FM signal can be assessed from the relationship shown in Figure 6. In this example
the host signal is shown at 200 kHz offset from the interferer.

Interference from a second adjacent DAB interference to the host DAB signal

has also been addressed. This problem has been avoided by limiting the far edge of the DAB
25  signal to within 200 kHz of its host carrier frequency to prevent spectral overlap.

Analysis of the DAB to first adjacent interference at the edge of coverage
showed that the total DAB signal should be set at about -21 to -25 dB relative to its FM host
power, This reduces the adjacent DAB interference ratio to the FM signal from about -24 dB
to about -31 to -34 dB, assuming the D/U at the edge of coverage is 6 dB.

30 Although FM channel spacing in some countries is 100 kHz, these first

adjacents are geographically separated such that FM reception is not impaired within the

coverage area. Therefore this should pose no problem to the FM IBOC system. The DAB to



i.nformation. 13. The nmethod of claim 12, further conprising: a third group
:of said first plurality of sub-carriers; and a third group of said second

-plurality o riers; 30 said third group of said first Rlolydy of
.Sub- carrlerfswzggsnog?[{rmdul ated with parUty bits for di gltally %ﬁt’ggec?

- add:jt i onal information; and WO 991 50980 PCT/ US99l 04328 - 2
h j d
-sal d b EaNpaL 2308 kRESAATHPLIN Aldion Bloriis o%r@eesnd%b% gﬁt doRR o

with parity convol utTon coded Vversi on of
sai d adeideiioaigned i@ tolBhic@his cddditidn.met hod of broadcasting conprising the

steps of: 5 providing a first plurality of sub-carriers in an upper

si deband of an FMABRBIF®MHeghnejue hagibgengessribed wsBBRE PARgi Ay QFldvh agwdit
+100 kHZc Bﬁstgzoqooﬁ%omlgym ?ac(ég a?rr%g a?qum%nglXteﬁfats‘?l g \Aglaodl ?y&ibé)znrnte The. .

provi di ng a secon carrie bra I of said FM

radi g chpsanency spadifig mweaarsgluchelparsa syaBals (g | BPIKAQPBK, 8PIK BPQMINI) i§ 8quak 00
kHz froma center freck ency of said radio channel ;" ort hogonal | y frequency

di vi si orfo iiesdsiraledl matea Har rIBDCgtr@mmlworsaf BMVH)ABtS@ﬂalLﬁr al rr:dtyndmit ssUbt OHPM er s
ith d tall to be t tted,

or t hogorfa g ierLiscanes o ceant FEkiaes gt AP Fpti s o CSheiBeEfha ©

plural i tynagfe] SpRUBAT ITIRFSAN ﬁd@vé‘"{‘h;gnleg 'oglc;»\%lr Ei\ﬂe%‘a?ijs éé?{osdbgl?t 9% J3AlethiRE 0gr am

signal to be 15 transmtted; providing a third plurality of sub-carriers in
a centrdb thq: efq\dangnal baHhik bafvelsamdj sEMtnahdepama'nn‘élthe A enznalt Isesqpawdimit

spectral, Slt third plurality of s rrlers s Iess t han t he
povel’ sdBE?f oy %&Sf pstelesproviding %ﬂqgatﬁﬁﬁi 1 fu>-Ferers. Tirst

si debandgi,cBRdubabl okl A £006 drl HoA! iHevral el &@r Edrﬂf ? utd phddioh onal
data; an 20 transmtting sard first group of saird first pI urality o

sub- car rii@vs/er,saiady fpartiilag laxapow fwiti d smen’rsd.opémgabnea,yxt &f urdikblycthatr behi s,
and said_ third plur thy of sub-carriers, od of claim 14,

further THshisbncnisgvil Slg@éﬁﬁﬁlygF%fFr%W‘%PéBf i quret;grqﬁhg 4Pp§T yid lowsr QBB ers:
and a Ses?&%gmﬂr%@ B StlededGRA b MAoh ket that l&ﬂ[ycgﬁer §ififtRind is needed to

15 communicate the information.

Inherent advantages of OFDM include robustness in the presence of multipath
interference. and tolerance to non-gaussian short term noise or notches due to selective
fading. The relatively long symbol integration times tend to “gaussianize” these short-term
degradations.

20 Figure 7 is a greatly simplified block diagram of a digital audio broadcast
system constructed in accordance with the invention. A transmitter 72 includes inputs 74 and
76 for receiving left and right channels of the program material. A separate data input 78 is
included for an additional data signal, particularly for use with the all-digital modulation
format of this invention. The transmitter an analog FM processor 80 and FM exciter 82
25  which operate in accordance with prior art processors and exciters to produce an analog FM
broadcast signal on line 84. The inputs 74 and 76 are also fed to a coding processor 86 which
converts the program material in complementary punctured convolution coded signals that
are error corrected in block 88 and fed to a modulator 90 which applies the coded signals to
the plurality of sub-carriers using orthogonal frequency division modulation. The output 92
30  of the modulator is summed with the signal on line 84 in summer 94 and sent to antenna 96.
The receiver 98 receives the transmitted signal on antenna 100 and demodulates the signal in

demodulator 102 to recover the program material and associated data, if included. The audio



25 said second group of said first plurality of sub-carriers being

nmodul ated with parity bits for said digitally encoded version of program
material; and said second group of said second plurality of r S
bei ng modul a¥83%59%8%, parity bits for said conplenentary punc?gfﬂég&or“sﬁr
convol ution coded version of program 1n‘at erial. 30 16. The rretﬁ‘no@ Ed 2002 m

further c rising: a thir fi.rst ur a
sub carrf‘gc’rxglatl‘g’;;ﬁéfs Scn éﬁ’%@%go‘g@#%ggé?'@ﬁg% if aéy E’r?"v‘%‘ﬁ)g" 8UPHS 1€6gr oup
of sai d wrieRMhyMeUtdld 4 disHhy SHRNGAIY ice ki ca%ﬁfuﬁhér;ﬂré&sg{h%ataof said first
plurality of sub-carriers being nodulated with parity bits tor said

di gi tgl | y encoded Ther picsamt oﬁvqntloxgmedmtmodt&dtt;ongfmnstmfdrtﬂM rhybgtti) ang z;if— said
ai d coltsiahkmpdnd Owtient dB g Ruflo Bovatrsy 4 APS i r bl AW dr i al

1r. ghelﬁ@éhﬂgdtﬁ’gt ol tl‘s‘lbaci&’éxtd%'}nﬁﬂgﬂrv%m gg ex1§’tu%vel(§)l$l%ag)r gﬁeﬁf %r?cﬂhg

first plurality ot 'sub-caf riers a second grou sai @ gecon
pl ur al i aly-dditab IBOC anddubttion femiat issackwatdgomparitdé witaitice FMristbrid IBO syisyenaf
sub-carrjiers being nodulated with digitally encoded additional information;

and sai §h %@Hwaltézjrf@cmato«fm%%lme@e&tfoﬁha qsraﬁﬂhmvwlqaf enghlss ch prhseangialhe igpgiter
modul at gﬁ{a&silﬁ%?ﬁagﬁﬁy i 'Pllxé[ r?x G%afo ﬁpésgrggdqﬁ.%g Xlloqya%é%{gggblﬁ ?ﬂ}r(nﬁéé;rﬁ F{n

coded version |ona orna

furt her thecsrpsdcabteg:and lﬁteaextshb ﬁlﬁig@[d)!d)pdlgftalfsigndl itta8tCDl aud R ?Ja‘}’lt)ofvhlle also
sub-carriers; and a third group of said second plurality of sub-carriers;
sai diot hpriom@ng)mpewda@aasangm@tunpl urality of sub car riers being nmodul at ed

with parity bits f.or enc i nformat.ion.. and s

third group of salﬁ1 g?gjr%a%ﬁﬁr @3/3%81‘1 g tée é’r%sggﬁdnm‘ﬁpa%ed Wi th
20 pari tapniplemerdtay FuncRbdd &ﬁ‘E'BF\xﬂBN (@P@;Eweeebepsm@ tHE ipPebrafdRsteNAriai (@ Of
said additional information. 19. Atransmtter for broa casting

i n- band-sidebahdn fuppedsigebaald anddiowes isgiebargl) vdhuehd ater prentially eimpairag by sneagly

means folgldgpen gn%'u?tgrfa repsrv(afa}gj %%pen%ilcgnt‘géin:g.n lfa on% c}egand {src% “‘?et&\/’ cgfarﬂgte f an FM

15 a strong first adjacent FM signal in the vicinity of the receiver, the opposite sideband must be
independently decodable at the receiver. Therefore each sideband must be coded with an
independently decodable FEC code. However, when both sidebands contain useful
information that is not completely corrupted by an interferer, then CPC codes provide
additional coding gain above that achieved by power combining the two sides.

20 While the present invention has been illustrated in terms of its preferred
embodiments, it should be understood that various changes may be made to the disclosed
method and system without departing from the scope of the invention which is defined by the
following claims. For example, while the above preferred embodiment shows the use of
QPSK using CPC codes, various other modulation formats and code types may be used, such

25 s 8PSK using 2/3 trellis code modulation followed by an optional Reed Soloman block code.



25 radio channel, a first plurality of sub-earners in an upper sideband of
:said FM radi o channel, said upper sideband lying within a frequency band

- ext endi ng fgﬁgb@gﬁg& + 1 OCkHz to about +200 kHz from a cent gprfsRausacy of
.sai d radi o channel” and a second pluraljsty of sub-carriers in a |ower

-si deband of said FMradi o channel, said | ower sideband |ying- qngf>gggz
_frequency band extending from about -100kHz to about -200 kHz Tromt

center frequency of said 30 radio channel. neans for nodulating a first
group of said first plurality of sub-carriers with a conplenentary

punct ured convol uti on coded encoded version of program materi al; WO

991 50980 PCTNS99/04328 ' g - 6 S E P 2002 neans for nodulating a first
group of yaak &k §gaRAGs.plurality of sub-carriers with said conplenentary
punct ured convol ution coded version of said program material; and nmeans for
transmtting said fli Asmethodopbriadsating Eomimising the adepd of: of sub-carriers) said
first group of said second glurality of sub-carriers, and sai d broadcast
signal. 5 20. A trRIfYIAIRE & brogdcast sigaelaiit 7 rgniral- Bedvgoen benhrhen IYigiadia
audi o si . said transmtter conprising: nmeans for producing a first
plurality of Sub-carriers in an upper sideband of an FMradi o channel, said
upper sideband 1yi P@wwiih@hlﬁrapiaremye)m@wb-baan@kse‘xa@weﬂgdéﬁaamoamwmﬂae%km
to about +200 kHz froma center frequency of said radio channel, a second
pl ur af i t ghanoelppaid yppgidepandlying withinadrequenss thandiexending gompbewdil80katonel |

said |l o i I Lt n f reguen and, ext endi ng from about
_100km“?té0L§gg§$ﬂHg(§M€§e rro%qtuﬁlgcycoﬁglérmcﬁér{55@@%1@ of said radi o channel,

and a third plural ipf(_)(/idlﬁ%]%@@c&ﬁ:f plugdiBy b sdb-6£fikrsdh of lo@at sidebandasfdarl Fihe FM
radi o channel, wherein the third plurality of sub-carriers have a | ower

power speasie ghardehsiatdylopensidehand bfing wethin 2 Srequengy dasd sdtepdingdran pbet -
sub-carri y. 15 . ne r soodul ating.a first. group. of sajd first plurality
of sub- c&ﬁ%ﬁ%‘tg "\}&Oflﬁ'ago E@a&%_ Sqegﬁpg?qlﬁpgg?fa%dﬁrﬁ&&cﬁwel,neans for _
moduhgting a first nialBin®f a Shist g%@ﬁﬁ)f‘b? BAidr st tdur@fit SYb-GBldatR$ Wit I sai d

coded version of said programmaterial; means for nodulating said third
pl ur al i t gyomplemebtagypurictursd partviolutibai codahericodkalt versi@Oofgrogtamanateridlpr

transmtting said first .group of said_first pluralit f sub-earners,.said
{1 rot group of sai dsRlztle pRewaape, obradasel pResty of yPEariey M goid
pluralit Xox%le%’ré!ﬂra@ﬁngc%rﬁd c&%olnﬁi&n%@éd’@érsié@bf §aﬁ?§r‘§§ﬂaﬂﬁnh@riﬁ’l@% on- channel

digital audio signa sai d receiver conprising: nmeans for receiving a
broadcast signal i traasmoigting said broadesstignabaaid foft mourFof sasdiinst plhehityedf;subr
first plurality of.sub-carrigrs.in ap upper sideband of said FMradio
chanrél , ‘AZFE %’Sﬁé‘rdsfgrﬁtcﬁB% 44 ?FQOV\;PIHF %Ot?siug'cfﬂgﬁﬁsy band extending from
about +100kHz to algpuq-hg%?@h(}g—lg I 2 IRRdiR Thids " SAY [ Ped
channel, said first plurality 0¥E§ﬁﬁ]-16arr| elgsbn%el ngﬁlnm) u@grtne@'a%i %ﬁga y
conpl enecbmrojutpimaidad ecrsionrof ahidt programadsterid vddclecbnirétnge astad codiag gainpreogr am
materi al; and, a _second gl urality of sub-carrjers in a |ower sideband of

sai d FM {2Bimitef d4n selectes gnas phsgid fustyashsegond, plwplify ohsip-carripsduies dgrtisshd
extendin breg Hz to about -200 kHz fromthe center frequency of
sai d rad?@%ﬂ\?ﬁggﬁ%{:‘ rg%\?cg second plurality of sub WD 99/50980

PCT/ 4899/ 04328 9 - 36 ThemdthatDofclaiar t,ifartkerkompgsing dielsedpedf:wi t h a

conpl ementary punctured convol utjon coded encoded version of the program
material nmeans for eS8 Faid breadeattisignel, gaigursiogroupof said figst plughty) 9f Sabyy

Sub- Car el ys ARAAR AL oERBEUELLAR, BT be A QURIGL (g1 d second pl ural ity

of sub-carrier ~meansTror ol progrdm rmaterial obtained
From denodul ati ng SRiddulating said broadcast signal, said first group of said first plurality of

sub-carriers and said first group of said second plurality of sub-carriers.
25 4. The method of claim 1, wherein said broadcast signal is an analog FM
signal modulated by said program material.

5. The method of claim 4, further comprising:



first. group of said first plurality of sub-carriers and said second :
plurality of sub-carriers. 2?. A receiver for receiving in-band-on-channel
di gi tal audi j | s, said receiver conprising: o neans for b\iidg a
first plurall ?/Q%sub-carri ers in angqupper sideband of sai drélzlﬁ/lﬁfgg)g?jg
channel , said upper sideband Iying wwthin a frequency band-eﬁtSEd?rﬁ[][]Zom
about +100kHz to gReihd HARE JHRid A PIGalS B Shb-barRAYEGy of said radio
channel, said first plurality of sub-carriers being nodulated with a

conpl enent ary puneteroad geaupwdisartisecond pliealitg ot eutechrrienssi on of the program
material; a second plurality of sub-carriers in a |ower sideband of said 15
FM radi o channel , SYiSEeqndipurs plyead figst Ipl}irﬂtjy\ﬂftSHlP'ﬁarélcfsr@éflﬂeﬁ@QU'B&ﬁd‘”th

ext endi Q.. r o ka!ﬂ% : he center frequency of
sai d rag?%tfyctﬁg]rﬁﬂle%lg%&%%#% sec((%&ﬁegi ‘%Pﬁéﬁa?ﬁ}t%gggéwéﬁ%ﬁ@g&r% ers bei ng nodul at ed
Wi t hs a conpl enent adiy speoiglt groapl of aaldodedbnd pluedide df anb-edeidrsy béini anodilatéde
program material; and g third plurality of sub-carriers, said third

pl ur al i Pthoparityibits fer sai ccomplerngniary | Rieired owpavoligar ccpded yersiont §f PIRERM hat
of said fil&}y and 20 second plurality of sub-carriers; means for

denodul ating a first group of said first plurality of sub-carriers, a first
group of said secendhplmstigdd dfcladh 5 Gateacdmisng:and said third plurality of
sub-carriers; and neans for outputti ng{_ sai d program material obtained from
dermpdul ati ng sai dafthirdgrogp ofigpridfirss plugelity pEsubpiarnicss;iand of sub-carriers and

sai d second plurality,of sub-carriers nd 25 additional data obtained from
deng%ul ating sai aathifd %“’BPBFZﬁ'ﬁ?FV"B‘i p[é‘fﬁg'-%%fsr“ibé‘i"&'m’ VO 991 50980 20 AVENDED
CLAI M5 PCT/ US99/ 042d8hird rcgug?ﬂjsag@%st[ﬁl%ﬁt Vetsitycariérs bRl Matihiaral wigr eau

on 2 Decenber 1999 (02. 1| new cl ai ms 23-28 added; remaining clains
unchangearitybipsdoes)d digitasaensodesk vegsiomol pragramgnatefialy and gr oup of said second

plurality of sub carrjers: and .10 15 2Q ~5 3 ans. for .out putti ai d
program mat eri al Sﬂfiéi_“ﬁ%§rW§%s@éﬁﬁﬁﬂﬂda¥?rﬁ€tys§iSg_g’rc??’ﬂs E‘%B‘E’gflfaéeggﬁﬁlh rst
pl ur al i H¥riQf bi&UBr Q&I EdrShlemBRteySRinctuRRICRRIRESH @lded YerRfonDE Bededdth nfli&ial. 7' _ -
A recei ver “for receiving in-band-on-channel digital audio signals, said

recefver conpri si Mg Theesatsod aficlaimckifwtheg camprising: pl urality of sub-carriers
in an upper sideband of said FMradiq channel, said upper sideband |ying
within a frequency SBEHd gé&‘fl’e?fjczf?ﬁig&\s‘rfgmagﬁd{}tsubiw&ﬁz ‘g about +200 kHz from

a center frequency Sgéoéﬁfégguéé@%agh&g@,{ggtﬁn%?gﬁg;fqug_%ﬁigrspI urality of

sub-carriers being np ntary punctured convol ution
coded encoded ver saidrsecdndt greup vd gaid firstytlenlitgl of sabeeerdbgihgl rldulayedokith
sub-carrjiers ma | gwer, sideband of said FMradi o channel, said |ower

si debandigitallynsaded addigions defoppatipnpait ext endi ng from about 100kHz to about

-20Q,khz Trom the (Gantehnd %@:ﬂ:ﬁg&%ﬁgﬁ%mﬁﬁ& %\l/l\{t?lﬁgloofcﬁﬁ%ﬁjiers $8ind MEGANEd

plurality of sub-carriers ated a conpl enentary punctured
convol utwitdnpaxitg éits €OE e4lé doir@ledenary fpundiered rcogva ot ®let alersi@ndf additioradl
plurality of sub-carriers, said third plurality of sub-carriers having a
| oner pdHEFM3EALtral density than that of said first and second plurality

of sub-carriers: g Tpemethod of claim 7, further comprising:

a third group of said first plurality of sub-carriers; and
25 a third group of said second plurality of sub-carriers;
said third group of said first plurality of sub-carriers being modulated with
parity bits for digitally encoded additional information; and
said third group of said second plurality of sub-carriers being modulated with
parity bits for a complementary punctured convolution coded version of said additional

30 information.



meahs for denodul ating a first group of said first plurality of
‘subcarriers, a first group of said second plurality of sub-carriers, and

Usaid third pluraljity of sub-carriers; and means for outputti i gram
WreRlsboy Per B 50

.material obt m denodul ating said first group of said
~plurality of sub-carriers and said second plurality of sub-cér§ER 200/

ddi ti | d [ | gkl ' ' I ' £
Cub-carriers o3, mpnndrSLAERGE, ShERl S Sradhdst il Qb i

provi di nplueahitypofibubgedriérs, @iadhirdgturhiad ed sQy-cpriregr teing Riodtlagld Wwith addidoh4ial
frequency band of an FMradi o channel, said central frequency band

ext endi n@igftalgpiogmaian. +100 kHz to about -100 kHz from a center frequency of
sai d radi o channel; T ( CLE 19) . WD 99150980 2 ~

PCT/ US991 04328 - sms' ~ zg%(ig%%% %ﬁ%heég?’f]?lﬁm%l urality of sub-carriers

in an upper si debangtcohd gRuf of-Mid At PurdiaNsRub-caRiess; dpPer si deband |ying
within a frequency band extending from about +100 kHz to about +200 kHz
fromsaid center f&ssgorheipuppf spd secortiplorabipyaofrsub-camiessyi di ng a second

lurality of sub-carriers,in a | i deband of . said FM.radio ch ,
Cai'd" | owpr si dobandhd J1oRG: seRick SRR SglanaD Wenh 2auicenbrng T EbAGbBar - 100

kHz to apauy vitgf skibl@iditadneh&tRicd 0ati0h of pRAHANMYeARL; 8ad d radi o channel ;
nodul ating a first group of said first plurality of sub-carriers with a

digitally encoded sad s¢wndgroupadidsant sepoad phuereletyi ofl subresdtidratbemg moflulated

gr oup_ of sgid sSe ong plu aIité of sub-carrjers g/ith 10, sai d.di i:tal l%rp
encotfed VEPRHGH OFS {9i §P“§)F8‘6P MEREDe PRgiureq SORN oMt oRgcoded SRR §F BIREHP sai d
first plpyLaliafy of sub-carriers with digitally encoded additional

i nformation, wherein said second group of said first plurality of
sub-carriers |ies W.tTHheomethbd efieclanc)O, hatictr eoxhprimingag fr om about +i 00 kHz to

about +130 kHz from said center, frequency of said radjo channel; 15

modul ating a secon%l“t)‘%nﬂ]ﬁ“lb? Sé%iliéis Wy of sur-sarriess: id sub-carriers with
said digitally enc | L4 {af [ m@g{_ .el.n said second group of
sai d second plural ?%ﬁoﬁg@uﬁ%{gﬁffdgpgwr@ ()\?\llgl‘tl |nl§8frequency band

extemgdi ng from abosiid tHieD giodp dfsambfitst plutdby lifizub-camiesabeing emddafatéd edibency

of said radio channel; and transmtting said anal _og FM signal, said first
and secoR®itymiss iy said digitally 2ncqded yersion of aragram Brtesiab 28dr ri ers, and sai d

first and second ggaqm}"(f;érﬁﬁ%}fsﬁf ge%Gﬁid gfu Ih %)g %’qbgéarﬁéig ggﬁérrh&hﬁatedzw%fth The

nmet hod of claim 23, S of sal y enco version of said

progr am padi§ it forwhidadnpithdntdry bendt@as torvelugiod codedotisiors Eprbgranswatetiald i n
sel ected ones of said first and second plurality of sub-carriers |lying
farthest from 2~ t h& Thamethod obejaian,further comprising:

20 a second group of said first plurality of sub-carriers; and
a second group of said second plurality of sub-carriers;
said second group of said first plurality of sub-carriers being modulated with
digitally encoded additional information; and
said second group of said second plurality of sub-carriers being modulated
25  with parity bits for said complementary punctured convolution coded version of additional
information.
13. The method of claim 12, further comprising:
a third group of said first plurality of sub-carriers; and
a third group of said second plurality of sub-carriers;
30 said third group of said first plurality of sub-carriers being modulated with

parity bits for digitally encoded additional information; and



?~. The nethod of claim 23, further conprising the steps of receiving said
anal og nodul ated FM signal, said first and second groups of said first

plurality o -carriers) and said first and second groups i cond
plurality o%@%—"g@r riers; and 30 denpdul ating said anal og _NE%T@E%%EE%
signal, said first and second groups of said first pluralityYo 0

sub-carriers, and i fi . S f. sal.d second ral ity of
sub-carriers. ANER%E[@&%@H%%%C*&%lg{a?%ggg'ybﬁgéﬁs %‘%ﬁ%@@e@?ﬁﬂ 28 -
6 S E P p3flB2bR6 forTheompldinchtary pilmiturrd? 3ondolitidie tode@Mrsish N sadl hildifiéhr oup

of said first plurality of sub-carriers; and a third group of said second
pl ur al i tipfosmateib- carriers; said third group of said first plurality of

sub-carriers bein dul it rity bits for said digitally encoded
version of said p?ég?‘aﬁeﬁéggﬁmﬁa&iﬁﬁ% %%P%n?% {h& Sbepf)ﬁ of said second
plurglity of sub- eadvidiasa el PoraNBdst beArmidrs bh _m}a;'bﬁey? stllebsndl STanSA1 Fadio

digitally encoded version of said programmaterial. ?-. Atransmtter for
br oadcashamgl.i s3idoapper cvideband natging diomalabeunidt H0s kijnab st209akidz tiroansndentegr

conprising: 10 neans for, providing an anal og FM si gnal nodul ated by program
f mat erif%%uF‘?fyé’qgaéﬁf?‘é Ctl“ﬁ’@ﬁluency band of an FM radi o channel, said central

frequency band exgmﬁiﬂg al §e98?1digﬁh‘§lit?ﬂa@gugjé§rr;e ﬁlbé)'fﬂwér#(?@ebg}fg—?f Ezf?{[inm

center frequency of said radio channel; neans for providing a firs
pl ur al i trgdiofchannok, caidriowessidebaad rangirer frdh abodiebEIdkd tosel0d 4 frasli ocenteannel ,

sai d upper sideband lying within a frequency band extendi ng from about +100
kHz Yo afEF&HF“WﬁGa‘QF&‘K?FW@é\i d center frequency of said radi o channel;

f 25 ncy of said rad el :
of oai 0 FM 1 adi o CRARaERo Hauialyibtn ot linEOl feElPeh Bl il AHERUBMAF TN

20 ext endistig-chrtiormvatipadigitdldPcdddd eheodet) aeision2prégdrizmisighal ®eiedranenited,
frequency of said radio channel; neans for nodulating a first group of said
first plurality ofriagensflyfrequengy division; grdulpting anfilaaroyrodi G s¢coad; d

progr amﬁmlaﬁ{yj 8t sub-carriers with said digitally coded version of said program signal to be
15 transmitted;
providing a third plurality of sub-carriers in a central frequency band of said
FM radio channel, wherein the power spectral density of the third plurality of sub-carriers is
less than the power spectral density of the sub-carriers in the upper and lower sidebands;
modulating said third plurality of sub-carriers with additional data; and
20 transmitting said first group of said first plurality of sub-carriers, said first
group of said second plurality of sub-carriers, and said third plurality of sub-carriers.
15. The method of claim 14, further comprising:
a second group of said first plurality of sub-carriers; and
a second group of said second plurality of sub-carriers;
25 said second group of said first plurality of sub-carriers being modulated with
parity bits for said digitally encoded version of program material; and
said second group of said second plurality of sub-carriers beihg modulated
with parity bits for said complementary punctured convolution coded version of program
material.
30 16. The method of claim 15, further comprising;:

a third group of said first plurality of sub-carriers; and



means for nodulating a first group of said second plurality of sub 25
:carriers with said digitally encoded version of said programmaterial;
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frequency of said radio channel, and a third plurality of sub-carriers in a central frequency
band of the FM radio channel, wherein the third plurality of sub-carriers have a lower power
spectral density than that of the first and second plurality of sub-carriers;

15 means for modulating a first group of said first plurality of sub-carriers with a
coded version of program material;

means for modulating a first group of said second plurality of sub-carriers with
said coded version of said program material;

means for modulating said third plurality of sub-carriers with additional data;

20 and

means for transmitting said first group of said first plurality of sub-carriers,
said first group of said second plurality of sub-carriers, and said third plurality of sub-carriers.

21. A receiver for receiving in-band-on-channel digital audio signals, said
receiver comprising:

25 means for receiving a broadcast signal in a central frequency band of an FM
radio channel; a first plurality of sub-carriers in an upper sideband of said FM radio channel,
said upper sideband lying within a frequency band extending from about +100kHz to about
+200 kHz from a center frequency of said radio channel, said first plurality of sub-carriers
being modulated with a complementary punctured convolution coded encoded version of the

30  program material; and a second plurality of sub-carriers in a lower sideband of said FM radio
channel, said lower sideband lying within a frequency band extending from about -100kHz to

about -200 kHz from the center frequency of said radio channel, said second plurality of sub-
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| FM radio channel, said upper sideband lying within a frequency band extending from about
+100kHz to about +200 kHz from a center frequency of said radio channel, said first plurality
of sub-carriers being modulated with a complementary punctured convolution coded encoded
version of the program material; a second plurality of sub-carriers in a lower sideband of said
15 FM radio channel, said lower sideband lying within a frequency band extending from about -
100kHz to about -200 kHz from the center frequency of said radio channel, said second
plurality of sub-carriers being modulated with a complementary punctured convolution coded
encoded version of the program material;, and a third plurality of sub-carriers, said third
plurality of sub-carriers having a lower power spectral density than that of said first and

20  second plurality of sub-carriers;
means for demodulating a first group of said first plurality of sub-carriers, a
first group of said second plurality of sub-carriers, and said third plurality of sub-carriers; and
means for outputting said program material obtained from demodulating said
first group of said first plurality of sub-carriers and said second plurality of sub-carriers, and

25  additional data obtained from demodulating said third plurality of sub-carriers.
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~BxrbC channel, said lower sideband lying within a frequency band extending from about -

15 100kHz to about -200 kHz from the center frequency of said radio channel, said
second plurality of sub-carriers being modulated with a complementary punctured
convolution coded encoded version of the program material; and a third plurality of
sub-carriers, said third plurality of sub-carriers having a lower power spectral density
than that of said first and second plurality of sub-carriers;

20 means for demodulating a first group of said first plurality of sub-
carriers, a first group of said second plurality of sub-carriers, and said third plurality

of sub-carriers; and
means for outputting said program material obtained from

demodulating said first group of said first plurality of sub-carriers and said second

[ 38
W

plurality of sub-carriers, and additional data obtained from demodulating said third
plurality of sub-carriers.

23. A method of broadcasting comprising the steps of:

providing an analog FM signal modulated by program material in a
central frequency band of an FM radio channel, said central frequency band extending
30 from about +100 kHz to about -100 kHz from a center frequency of said radio

channel;

AMENDED SHEET (ARTICLE 19)
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10{ b{b modulating a second group of said first plurality of sub-carriers wit
digitally encoded additional information, wherein said second group of said first
plurality of sub-carriers lies within a frequency band extending from about +100 kHz
to about +130 kHz from said center frequency of said radio channel;
15 modulating a second group of said second plurality of sub-carriers with
said digitally encoded additional information wherein said second group of said
second plurality of sub-carriers lies within a frequency band extending from about -
100 kHz to about -130 kHz from said center frequency of said radio channel; and
transmitting said analog FM signal, said first and second groups of said
20  first plurality of sub-carriers, and said first and second groups of said second plurality
of sub-carriers.
24. The method of claim 23, wherein bits of said digitally encoded
version of said program material which contribute least to coding gain are transmitted
in selected ones of said first and second plurality of sub-carriers lying farthest from
25  the center frequency.
25. The method of claim 23, further comprising the steps of:
receiving said analog modulated FM signal, said first and second
groups of said first plurality of sub-carriers, and said first and second groups of said
second plurality of sub-carriers; and
30 demodulating said analog modulated FM signal, said first and second
groups of said first plurality of sub-carriers, and said first and second groups of said

second plurality of sub-carriers.

AMENDED SHEET (ARTICLE 19)
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27, A transmitter for broadcasting in-band-on-channel digital audio

signals, said transmitter comprising:

10 means for providing an analog FM signal modulated by program

J material in a central frequency band of an FM radio channel, said central frequency
band extending from about +100 kHz to about -100 kHz from a center frequency of
said radio channel;

means for providing a first plurality of sub-carriers in an upper

15  sideband of said FM radio channel, said upper sideband lying within a frequency band
extending from about +100 kHz to about +200 kHz from said center frequency of said
radio channel;

means for providing a second plurality of sub-carriers in a lower
sideband of said FM radio channel, said lower sideband lying within a frequency band

20  extending from about -100 kHz to about -200 kHz from said center frequency of said
radio channel;

means for modulating a first group of said first plurality of sub-carriers
with a digitally encoded version of said program material;

means for modulating a first group of said second plurality of sub-

25  carriers with said digitally encoded version of said program material;

means for modulating a second group of said first plurality of sub-
carriers with digitally encoded additional information, wherein said second group of
said first plurality of sub-carriers lies within a frequency band extending from about
+100 kHz to about +130 kHz from said center frequency of said radio channel;

30 means for modulating a second group of said second plurality of sub-
carriers with said digitally encoded additional information wherein said second group
of said second piurality of sub-carriers lies within a frequency band extending from
about -100 kHz to about -130 kHz from said center frequency of said radio channel;

and
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10 upper sideband lying within a frequency band extending from about +100 kHz to
about +200 kHz from said center frequency of said radio channel, a first group of said
first plurality of sub-carriers being modulated with a digitally encoded version of
program material and a second group of said first plurality of sub-carriers being
modulated with digitally encoded additional information, wherein said second group
15  of said first plurality of sub-carriers lies within a frequency band extending from
about +100 kHz to about +130 kHz from said center frequency of said radio channel;
and a second plurality of sub-carriers in a lower sideband of said FM radio channel,
said lower sideband lying within a frequency band extending from about -100 kHz to
about -200 kHz from said center frequency of said radio channel, a first group of said
20  second plurality of sub-carriers being modulated with said digitally encoded version
of the program material and a second group of said second plurality of sub-carriers
being modulated with said digitally encoded additional information, wherein said
second group of said second plurality of sub-carriers lies within a frequency band
extending from about -100 kHz to about -130 kHz from said center frequency of said
25  radio channel;
means for demodulating said analog modulated FM signal, said first
and second groups of said first plurality of sub-carriers, and said first and second
groups of said second plurality of sub-carriers; and
means for outputting said program material and said additional
30  information obtained from demodulating said analog modulated FM signal, said first
and second groups of said first plurality of sub-carriers, and said first and second

groups of second plurality of sub-carriers.
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