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of listeners. FM I BOC broadcasting systens using a hybrid nodul ati on format
have been the subject of several United States patents including patents
no. 5,465, 396; 5, 315,583; 5,278,844 and 20 5,278,826. In addition a

commonl y assigned United St nd System far ~3~usly
Broadcasti ng and Recei vi ng DFgtt ﬁﬁ@ﬂb é-\]ga. S Wwﬁé@ 5= D. Kumar and

B. Hunsi nger, United States patent no. 5,956,624, filed Jul x.1994-di scl oses
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t echni que has been 25 Théss érvieniéen faates Broadeashing, i apdamerec partipwlarlyfto

ort hogonal | ¥ 3pagednGar E&fercﬁo@lln "B 'ﬂﬁ&@?%hgmmg@ﬁ%@&e wBBe o

frequency spacing r ect angul ar se sy
QAM is IQqueBroadnastm (Wﬂdrbm@casﬁog sys&@@ lttﬂlamgrsudsfomaldfcnﬁwmim gnal s,

a redundant set of OF aced about. “10

QL' 0 99/ 50981 | Pﬁ/t%lgg‘ﬁoﬁ‘{%ﬁgﬁ foddcagtiny § idﬁg‘q it £ BEOYftine ‘ﬁg‘éﬁltqﬁélr“ym de
of a coexi staudid, airtiegtdMigmplanelog bididcdfiBg pawREs. (BRRM ahd FMMVEBOSIDleBand
is set to about -25 dB relative to the FM S|(ignal The | evel and spectral

occupancy ofcan jbg tiapgnidied inp hybrid frmatowherphe qigifallymagdaiated signal f«gew Wikt
whi |
i1e provi qh@%ﬁﬁgxﬁtﬁug}&dédsg rhﬂliltoﬁa @la?e B¢ ngtﬁ_%' F@ﬁzgﬂéﬁgﬁpﬁloc tlons

sub-can-iers jacent sig spaced at rom-t
carri er léan teoause pacmlhABBﬂ@ablsgmﬁltanmnb\mnsmatedaﬁslmpﬂxetsama bmctrbloumklocﬁ n

WL i gni 1 e i AeBliRR, tHRe BretfutstRotony ¥ spSimian yhiic B R ©
si debands caroadchdiers Scaatq;pﬂ)edngnﬁlathtym‘udronmtthaﬂpﬁmhbhd&atf lﬁtehyrsoiﬁ‘M m(’d@band

i s needed t nicate the |nfo ez-ent adva es of, OF
el ude 1 obUUPHEEEME TSR HES BS BreRTQMORaREPh A VS OFET B LR SEOFr ance
to non 10 gayMel BihidshBhtents ©mdluaRipS Batehits nﬂﬁﬁf‘,ﬂ%,% 5,91§,9$39,C§,'279,814ﬁ%69-

20 5,278,826. In addition a commonly assigned United States patent for a “Method and

System for Simumnmusly Broadcasting and Receiving Digital and Analog Slgnals” by
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An orthogonal frequency division multiplex (OFDM) technique has been
25  described for IBOC DAB. OFDM signals consist of orthogonally spaced carriers all
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characterized. The prior art utilizes one of two fundanental strategics to
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petential spectral overlap can result in the corruption of orthogonal
frequency division nmultiplexed carriers which'are |ocated in the portion of
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application in an OFDNWH S SR Y S i nt er f er ence over the
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Figure 2 is a schematic representation of a K=7, R=1/2 convolutional encoder;

25 Figure 3 is a simplified functional block diagram of a wansmitter and receiver
which operate in accordance with the -method of the invention;
Figure 4 is a functional block diagram showing the mapping and processing of
bits through a receiver, dein'lexleaver, and forward error cdrrection decoder;
Figure 5 is a schematic representation of a K=7, R=1/3 convolutional encoder:
30 and
Figures 6 and 6a are a schematic representation of an array of block codes

which may be used in the invention.
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A special type of puncturable code includes some systematic codes.

20  Systematic codes include the input dawa sequence as part of the output sequence, plus
additional parity bits. Clearly, with systematic codes, all of the parity bits could be erased
and the encoded data would have a bit error rate (BER) no worse than employing no code at

} ajl. But when the parity bits are not all punctured, the overall code has coding gain which
| results in a BER performance better than employing no code at all.

25 . Although' it is well known that nonsystematic codes outperform systematic
codes for low rates (e.g. R=1/2), it has been shown that high rate system"atic codes appear to
perform berter than high rate nonsystematic punctured convolutional codes: (see the above
cited paper by Kim). Systematic codes are characterized by having one output being a replica
of the information sequence input. A systematic feedback encoder can be constructed from a

30  nonsysematic feedforward encoder with identical distance properties (i.e. the same emor
c:iorrecting performance) of the nonsystematic feedforward encoder where the feedback is

itnplemented with a binary polynomial division operation.
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| 1'30C DRR-GRR!ah# 3ldtsfilent (coPng Eeé‘&%é@ {uﬁ&c R d;@sﬁ%ﬂ{g) ﬁx\ég:g%#-rceg@eer : 2 4 B2 descri bed

in terns' of what are at pr Leve e It odlrrents)
it will shesetappscentin avlepsh Secamkidld eftbiis as thednfarmution inpnt mpb:hamges may ba

made t°aﬁ&l%n‘?‘mg%éﬁﬂg%ﬁlgfcﬁ#’?%ﬂ% above wi thout departinb fromth'~ scope

of the invention a he foll ow ng cl ai ns.
The coded bit mask of a Puncture Pattern matrix is shown as:

| [Glo Gl Gl Gls'i
25 |05 O 6 )
' i,G30 GJI (332 G33‘|
: The Puncture Pattern matrix represents the encoder output symbols over each
.setof 4 information bits. Therefore the output symbols are identified and indexed modulo 4.
‘EA logic | in any of the 12 locations of the mask indicate that that particular bit is used..

Otherwise, a logic zero indicartes that the bit is not used.



PCT/ U599~0.t 319 WD 99150981 ~5 - 6 S E P 2002 What is clainmed is: ! . A
br oadcasti ng nethod conprising the steps of: encoding program materi al
usi ng convol utional codes having nonpuncturable ,' b~cs and puncturabl e
. bits; 5 ~ npdulating a plurality of orthogonal frequentyssiowesi on

mul tipl e&’@d”i?ﬁ rier si gnal s wzth sai d convol uti onal codezl V\A§‘E b id
non-punrturable bits are carried by a tirst g oup of sali (6a @réoagd said
ptut ct ur abl e bi tEhimbie pamery mayl teycheser dasedh @ngy B oPtisal RTHP punciis g £ r st
group of carrier si | s. heing S td < i d Rakdite b t han said
second ij‘&‘ﬂp“é‘fz’”‘ca??%?%%%l}f 'sl?&g:ng’ #ég&& séig%ag\aé%%%!?%dﬁgﬁéi ﬁlIaCagrferi er
si gnal Syeie iRliuld RexibBiymcthodsing e bislipr fhaoppasite sidebprd Shasghevhriodd éps. of
receiving said carrier signals; determnni i focarrl | S.:sald. second
group hehyeeniEsm ‘WmﬁPﬁa;(g@%Wme&t‘%ﬁa ?Jé rﬁaﬁ\?hé%g? ‘?Péégmﬁ& hg?ly of said
carri er gpeaks 3y GeseeRode, FoReiieyTumbdistaod benmer simptagch have prrifiddce
punctured codes; and decodi ng sai d_punct yr hod of

R G Rarms shod b0 1B

cl ai m 2thaygned eomplamerasy cofes d8IShi FArfgamAle &g P REFETT $7o8T 00 SdDRd gr oup
have beggycgd'ogup&@gnﬁgmgegem;m_ ie2P7Rf and  G38165Madlerrg tHeheenamror uni f or m
interf.erence to which the carriers in said second ~I 20 group of carriers
have beesinsaiopsees weresented by sapdard st 812UPai m |, where different portions of

sai d program mat gr i.al.f: hofur® BArrrRLGHe ot (RO bpePDAS sisRbngai d
non- punct ur abl e |éag.°f§%¥ﬁgeﬁeg?%% of adcl aim 4, wher% one of said
non-punetdenefirehedpver DAB sidebgnrh casshorm 8it. z5 ~ b. The method of clai m 4,
wherein said puncturable bits contain audio tnformacion and said

non- puncturabl e bits contain data. 7. The nethod of claim1, where in said
convol uti onal codes are rate johpatibl e't8rfvb] uti onal codes, 1~0 99150981
PCf/L599J0.1329 .' 6 - 6 Se#=R 2001 .8rrUFe Imedhod of claiml, wherein said
puncturabl e bits are wei ghtedig g jagcordanee wi th a signal-to-oise ratio for
each carrier in said second Goup of carriers. 9. The nethod of claim1,
wherein said ~onvol uti ona! codes are systenmatic cones.

Individually, these Puncture Patterns define the pair of rate 4/5 codes. The
pait of complementary rate 4/5 codes can be combined to form the rate 2/5 base code as
shown below. Each of the rate 4/5 codes has a free distance of d=4 with information ervor

15 weight ¢,=10. The combincd rate 2/5 code yields d=11 with ¢,=8. Notice that only half the
G23 bits are used in this CPC code. The puncture pattern for the original 2/5 code is:

A ER B
PPL+PPU={1 1 1 )
} . 11010

Optionally the punctured bits of the rate 2/5 code can be transmitted to yield a
pair of rate 2/3 CPC codes with d=6, can be shown as:

20
o110 100 I
PPLop=ilIOO|::PPUop=01]0§
o110 100 1!



5 10. The nethod of claim11. further conprising the step of: interleaving
sai d convol utional codes anong said carrier signals. 11. A radio frequency
transmtter conprising: means for encoding program material using
* convol uti onal codes havi ng non punctunble bits and puncturable bits; to
means fokygwdsk@ting a plurality 3; ort hogonal frequeatypsdiodsi on
mul ti pl exed carrier signals with id con~ol utionat codes)- ind

f ; S HIERAN < o

non- punet'urabl e Qi.ts ar arr.ied. a first, ar f said

punct urabl e bi tsBEF"é‘“&aﬁ?‘?i &g ° §° ‘3%&8‘8%[‘%"0 ﬁqz%o ool iddé'rl§)“ B d first
group O#/s @ade dn@actSiigHbaldsrequirie NS5 % @dditiaiSEis pOnb 2 thod of allotting &ite acke t han, sai d
second group of carrier signals; and t5 ~ neans for broadcasting said
carri erSlgﬁbgfﬁiél"@’.bef?ﬂfesﬁ\“‘Fdzﬁi'o frequency receiver conprising: neans for

receiving a plurality,wf sEesaa@gonal frequgnpedsiddbaidsi on nul tipl exed crier
signals with convol utional codes cont ainhi 2-% punct ur abl e and non- punet ur abl e

code§, wherein sai @ndi fnElufdbl e bi tHe &le RarGh&Poby a first group of

said carriers arld said 20 puncturable bits are caaied by a second group of
carriers) said first group of carrier signals being | ess susceptible to
i nterference thahbsaioye SPESERRIGN ShPYothe caiVE sPecilgineaionssefithe exded i er

si gnal s RS sffira) @cta%n@jaﬂ!nﬂgm&iﬁcd%ﬁﬁhtg %v.igp%,)sa{aqneﬁ%ﬁgmgiﬂ&@mr have Dbeen

corlvpted; rtzeans for erasing puncturable s carrie y any of said
carri er ingisisist panitons MVhisheare thepped 1 ihtcdpropridresubesprriarst cackatinsigebandiic e

t ; ' i d
PAAR Al SRiendlly SREHR R ATERM WP AP IMUBSIHER TP BRI 1 | \rer
1 )po bits contribute least to the free distance or coding gain of the combined code. The opsional
et skl g eakgad ol oo o o
i " ]SSX&]&&}riuh(giirO);)ﬁ %i;ﬁ;mﬁxMc@Mkfpaﬁﬁqim% ] ﬂa}l@?/]:blaiucp]aﬂfm?a] ]EmTﬂ cia] cia] cal ca
"]calca .c™a calcaVlcal cal cta] cal c(aU] ca] ca] ca] ca] ca] ca]ca] ca] ca
////;00&?@ % % AB! BIEREBB B8R0 w. : ; u:
<>| wr rmc.’\\e(] )é(] ca]raa]xseaa]rmp)éaﬁcatmﬁuw#wgleafmke&&g:a]ecﬁhceu]nafa:]ucea] calc(a] cau
' I >>72777H B" DE GIH )

} f?/!]'%f]i 1/3'? rga %?@:%@\% %3%17(:2;{?41@2’] @éﬁlﬁgfc%%ﬂ%ﬁ%gﬂfﬁ]‘%a] ca] cal] ca
{ ca] c( abbld afjectdds (pgddgﬁ]dﬁgérﬂﬁ%ogﬁdlmajnabdncﬁ]ma% pitjotial diadraxf af taiftabea] ca! ~XY[ H [

AQMN_P XN eee~ytnjd _Yj.e: C al gaV] ca] ca] cau
| 64 CaUPR TS A0 ORPOL] AP AP BT o Bty oAl Eo S BE88) Ta caj ba o
a] ca eebftf foftinkddntaredinmarpareliph OFBYS synitioL t The 296 doal iV pesetved] fer hyblodar ca) cal] ca
&/J/J g:ﬂ g%ﬁ"&é’(ﬂcc"‘éﬁ'cgf‘é‘aﬁ“éfa‘]%&’]“&’(’é]“c%?@f’?&]‘%HT&*EUT’&%P%%W@@T‘&Q‘T%] caJca]ca] ¢

a] cadoc ajrodalaidaudd\dae oY itherd28rsub carvibry.V \AddNuNaIVERMEdR O dexthwvidérRhwéni d_Yj e [ V] ¢
aVl cal cal G2l ca\hr el s aukisaL el SR & Ak Ve S bed] S R Sre dunad
") ihto the interleaver array in a particular partern. The array is read, row by row, providing the
tata source for the parallel OFDM symbols. The interleaver partition assignments can be
shown as:
25 |
1348
panition_assignmen(m; 1 910 2'|
16 0 5

partitions=(0 1 2 3 4 SFM 67 8 9 10 1))



V] cMaV] ca] caV] ca] ca] cRa] ca] ca] ca] c(aU] ca] cax" xx)yyy7zzzb{{}}}@X i (/Pytoje [
UU] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caU] ca] ca] ca] c(a] caU] ca] ca] ca] ca] c6al] ca]
T caJca]ca]ca]ca]ca]ca]ca]ca]ca]cal V&TOU[ X i (/Pytoje [UU ca]ca]ca]ca]ca]calc
- aV]ca] ca @kﬁ ca] ca] ca] c(a] cal] ca] ] ca] ca] ca] ca] ca] cafrasperleal ca] ca] cal ca
] ca] ca] c ‘? N?2210%& ()- 10%&'1E)-10%& ()- gl09%B& () - Lf SEP 2002
SYL0YESE' () -!sY0Y%B5& () -] gViN<! 6&&#10%55& ()-2zS 10%&, ( §
109%6& () - &F#109EHRineleaver an#bm%’s&ewd by 'élib%@z""('s mRR@*% Is (modplong ()-f @

ngﬁf‘b% F?e" ifj‘%@i‘@?é faim @f% ‘{%&a@féé" kR oh) s i {@%9’#10%&- ()-

p i xV7dbwee usii@ouk@parition indgx tolideqtidathé )merlea\#r m@%qp&e(ppnqlmg 10 punciure

i T
1 1098 thy highdrPe&hdnyy $ub-carriers to represent the 12 sub-camer partitions.

| "10%a& ()-! x@L$109B#8#& () - QL$L0% ()-! @L$10% i & () - & WAM
I'f &@¥109& () -3 Eﬁ&@ﬁhﬁ%&&c(n)pr@ed) df 38 columns and carries code bits intended for

: ]':L g(gl(()l%;ﬂ:lq:l%({%; B eag;e?e) @%38 gr_.,) W&oﬁgﬁpg :g)pa.r]hyw\.{lar sub-cax%er ate
identified as separate adjacent columns The entire interleaver consisting of 12 partitions has

455 columns. The outermost sub-carriers are identified 2s columns 0,1 and 454,455.

10 Cdlumns 190 through 265 carry the optional punctured bits closest to the FM host spectrum.

() A portion of the interleaver array (rows 0 through 17, and columns 0 through 8) showiné the

spicings of the k™ partition index can be shown as:.

[0 15 30 45 60 75 90 105 120;
S70 585 600 615 630 645 660 675 690 |
1140 1155 1170 11BS 1200 1215 [230 1245 12601
1710 1725 1740 1755 1770 1785 1300 (815 1830:
2280 2295 2310 2325 2340 2355 2370 2385 2400°
2850 2865 2880 2895 2910 2925 2940 2955 2970
3420 3435 3450 3465 3430 3495 3510 3525 3540°
3990 4005 4020 4035 4050 4065 4080 4095 4110.
4560 4575 4590 4605 4620 4635 4650 4665 4680
5130 5145 S16D 5175 5190 5205 5220 5235 5250
5700 5715 5730 5745 5760 5775 5790 5805 $820
6270 6285 6300 6315 6330 6145 6360 6375 6350.
6840 6855 €870 6835 6900 6915 6930 6945 6960
) 7410 7425 7440 7455 7470 7485 7500 1515 7530,
7980 7995 8010 8025 8040 8055 8070 8085 8100
S50 8565 8580 8595 8610 B62S 8640 8655 8670
9120 9135 9150 9165 9180 9195 9210 9225 9240
L1 16 31 46 61 76 91 106 121

)
i
'
|

15 Each partition is further divided into 15 blocks of 17 rows each. These blocks
fasilitate the interleaving over time by separating code bits, corresponding to adjacent coded

information bits. by the number of rows in a block.



10YY 10YY! f &@L0%Y& () -3 | f&@10% & ()-3 9O ! #$x&AWMP; @10%
& ()-& @10%<& ()-& @10%<& ()-& K@10%<& ()-& K
@L0%RHPHE () - & L$10% t & ()-&& ' "(a((O) xV7P; 0 %A0%& ()-! @10%<& ()-&
@10%& ()- & ; @10%<& ()- & @10%<& ()- & @10% 4 4&' ()-8 V)))))))* =
| AO3#10%& '3#10%/v&' ()- 10< 10< 10<&4° 10%& () -
1910%<&’ ()ngf = “ 1109 ()- !4} 109%& ()-! Sf&$10% o FOTGobasis _
L& ()-1#, M LONE ()-ld M 10% 1 & ()1 3#10%h& ()-///1: 0001aD=SEP 2002
T 1y &10%& () - %A OVife igderlébivaiQRBY (ohw 3hd column indexes, row and col . respectively. are
109& () - Z10%& 109&' () - 1€2x3333444} A?4= 1035109%& () -9
41098 ()SaleBiand &ﬁ“é% ? 1”31%&@*?’?551"}"? 109%&' ()-!)!109%& () -444455" 6+6gH= 10
810% & ()-LL10% & ()-9@@10% & () -s! TO9@@#10% : & ()-s! 9@H10% *& ()-s 10
10+6X667X88 9aBH= 1010%& ) @10% ()| QHL09& ()-fsS 10% & ()-fy
10% & ()- 10% & () - R % 68 ()-s
10% & ()-s10% & ()- | I 1 %% "Z‘ BILOGZJ(& <€"§£<[§)=3>§>}3g’{
10SS! 3! 10%8S& () -010% & ()-y! | *! 109858 ()-! | *1 10% & ()-s&10% & ()-1$!10% &
) - 2222?H@@@B= 10SS! 910% h& () - 10% hé& () - nt 10%
& ()~ ! i 109%h& ()" 1+nt 1QUKCHS 1& () - 10SS
: BLOCKS

: k )
row= “‘“(cow-amcxs mod ROHS,

+[(a- part)mod BLOCKS]
o

) L
5 wnere the interleaver size constants are ROWS =255,COLS = 38, BLOCKS =13. and part
is the partition (per! =0,),...11) of the k" puncture pattern. A portion of the interleaver array
(} igure 11) shows that consecutive values of the puncture pattern index & are spaced apart in

both time and frequency.
This invention permits a receiver 1o mitigate the effects of interference from
10 pon-uniform imerference in an orthogonal frequency division multiplex broadcast system.
The preferred embodiment of the invention relates to an in-band on-channel (IBOC) digital
audio broadcast (DAB) system where the outer OFDM sub-carriers furthest from the host FM
currier are sometimes subjected‘ to destructive interference from the first adjacent and,
possibly, the second adjacent channels. The technique described here allows the receiver to
15 aﬁaptively erase the soft symbols from particular OFDM carriers after it has determined that
the interference is sufficiently high to corrupt them. The particular FEC coding technique
employed here exploits the ability to puncture or erase particular bits without excessive loss

in coding gain.

IBOC DAB is an ideal candidate for the application of CPC codes since the
20 mgua.l DAB transmission is accomplished over two sidebands (upper sideband and lower
.gldeband) which are potentially impaired by nearly independent interferers with independent
fading. If one sideband is completely corrupted by a strong first adjacent FM signal in the
yl'icinity of the recejver, the opposite sideband must be independently decodable at the
eceiver. Therefore each sideband must be coded with an independently decodable FEC

25 code. However, when both sidebands contain useful information that is not completely



1055@\5 DDECFzX6B= 10S! "Y"10% h h& ()-!L!109% h! h& ()-!L! 10% h
h& (-, 9#10%h& ()-910% h& ()-g' K !10%h& ()-CF GGTH I 1 VIW{ Y7)
109h9h! 1! 10%9h9h& ()-y!'1110% h h& ()-y.10% h& ()-!3L*#10%8hSh& () -

$L*#109DD& () - "Y' 10% h h& () - WXIYIVIJKMY'= 109h9h) p4325
S&10%8us™P ’5°P>§&10%J[ U & ()-!S&10983& ()-! S&10%& () - é%l%%?& §> 109h9h
109h9hNPNdOP- Q QRWA4= 109h9h! S$109&' () - SEP 2002

S$10%-~&otpiptedSH CitiBinterteref, HALQQPE. c(o)ies%r@:#&@&@t‘\o%al( radeSE&diR Ybeie éhaf ) - RTUUUUUP
VoM 109h9hI S$109% Tf g#lO%& ()-!fog#10%Z& ()- 10_10

10! S$10048hEYed) | DY PSR oy MUNW?(TWZZF ugiRgrmore, OFDM interleaving techniques
109nh9h! ! §,1 Db @) veld @ﬁlach"é& vﬂlm thd @hﬁk@"(ﬁ@&r&)}e Ar%iﬁls@l%’&v(:)radu?a sharacterissics
1098S&' () - f g#109%& \\]a?M 109h9h!'1 1 9&" 109%& () - 109%& (5
I s 1 109gefheFM 1BOG, A(B) lmreb/& ()-110%& ()-g9]11" QK L_M_ N | z[ PE: 9h9h! ! 10 10

9 -1

éo‘(g‘;’}? g& gg%&gg-l g%l/:éztx@n e%%%% m:rlb%vxr%?gs’ rrée lgmm%c TO‘V eczs of le {or

I 109&' )wﬂe@y@ t)i@;@gc& n@\up}_a s\ymg_lj_lm a0 exploits a pnon knowledge of nonuniform

23;#;2%? o B kPSR RE S0 R M 810503 ©

& () - ZGebisewgchesub-ghidls. @ﬂmdon#lomﬁ?@& coles fdrGhd BM hybrid IBOC DAB
10! 0/ 10‘V§b3 fidation./ 109& () -" 1.10%

10 While the present invention has been described in terms of what are at present

L) believed to be its preferred embodiments, it will be apparent to those skilled in the agt that

vurious changes may be made to the embodiments described above without departing from

the scope of the invention as set forth in the following claims.
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“10%\ & ()-)!, #109%& ()-!, #10%&' () - BhPi i kkrm{ Y8P: 9h9! !

@Q' f#10%&' ()-M @' f#109%&' ()-M.$10% ()- @L$10%R ()- @

L$1098E& (@b L0%8s& () - mYmmmmmpN: 9h9! I @' f #10% Sy ) -

G 109 () - r03%* 10>> 15

10>>1 9@ f#10%>& ()-My@' f#10999&' () - M1’ owopqgsxY: N: 9h9! -6 SEP 720()?
Oy10%g& ()-zyl0%y & ()-z! | Q109 ()-!62G 10%&' () -

G 109%& ()-!'GE 109%&' ()-sttuuuuuuuj @h9o!'! "10%& ()- 10g 10g 10g&2

10%& ()-2z30!10%9& ()-!Oyl0%CC&' () -z0y10%&' () - zuubvbvvvv/r<) _@h9!! 11}S
10900& ()-!S

10%c& ( ;hSJ_O(V%"a}%E:gQSw%&' ()-3f, 10%& ()-!"10%Vv& ()-vvvBwx"xxa?j _@h9o!!
1111098 (=S B)-"109%& ()-s:!110%& ()-S 10%& ()-!p[S

109%&' () - X) YYy7zzzh<ph_bt@dB&Sting method comprising the steps of:

L 300 () yt i SO0 (v @AONE ) SSI09C. ()5 GV (ol 100 0 -2b( ()
109/ 1 lg%g{:(én-d!pﬁckumwué;) -~ 109& ()- *10%& ()-f}}zl AP=9h9! | 1! &SH#10% 10ZZ
10ZZ 10ZZ!''yY #1092ZZ& ()- !'LyY #10%KK& () : . .

&SH109KE () - ! Y&S#ﬂ?gf‘&&%"ﬁ-w‘é‘?ﬁzé’r@? 1rRReneY ioiom puigirleyed) &gist 0o () -
SH10%-&' )nald W¥8sald) comlohldi¥®al Codek, @Hereby Rihvalpundfiratlo Y 4r9 cablied by a first

109&' ()-!3!109& ()-!3!109%&: ()-!U3! 10%& (c) -31 10% : :
& () - 4@ RoPe9hwid priersand sug pugciuyable bits are carried by 2 second group of carriers. said

. first group of carmier signals being less susceptible to interference than said second group of
. carrier signals; and
10 , broadcasting said carrier signals.
2. The method of claim 1, further comprising the steps of:
receiving said carrier signals;
determining if carriers in said second group have been corrupted;
. _ erasing puncturable bits carried by any of said camiers which have been
15 cetermnined to be corrupted to produce punctured codes; and
decoding said punctured codes.
3. The method of claim 2, where the step of determining if carriers in said
second group have been corrupted comprises the step of:
estimating the non-uniform interference w which the carriers in said second
} 20 group of carriers have been subjected.
4, The method of claim 1, where different portions of said program material
are encoded in said puncturable bits and said non-puncturable bits.
; 5. The method of claim 4, where one of said non-puncturable bits is a mode
control bit.
25 6. The method of claim 4, whercin said puncturable bits contain audio
information and said non-puncturable bits contain data.
I 7. The method of claim 1, where in said convolutional codes are rate

tompatible convelutional codes.
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11. A radio frequency transmitter comprising:
means for encoding program material using convolutional codes having non-
puncturable bits and puncturable bits;

10 means for modulating a plurality of orthogonal frequency division multiplexed
carrier signals with said convolutional codes, whereby said non-puncturable bits are carried
by a first group of said carriers and said puncturable bits are carried by a second group of
cirriers, said first group of carrier signals being less susceptible to interference than said
s¢eond group of carrier signals; and

15 l means for broadcasting said carrier signals.

12. A radio frequency receiver comprising:

means for receiving a plurality of orthogonal frequency division multiplexed
currier signals with convolutional codes contining puncturable and non-puncturable codes,
\;Jherein said non-puncturable bits are camied by a first group of said carriers and said

20  puncturable bits are carried by a second group of carriers, said first group of carrier signals
being less susceptible to interference than said second group of carrier signals said carrier
signals:

) means for determining if carriers in said second group have been corrupted;

means for erasing puncturable bits carried by any of said carriers which have
25  been determined to be corrupted to produce punctured codes; and

means for decoding said punctured codes.



