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described for IBOC DAB." OFDM signals include orthogonally spaced carriers modulated at
15 a common symbol rate. The frequency spacing for symbol pulses (e.g., BPSK, QPSK, 8PSK
- or QAM) is proportional to the symbol rate. For hybrid IBOC transmission of AM
| compatible DAB signals, sets of OFDM sub-carriers are placed within about 5 kHz to 15 kHz
on either side of a coexisting analog AM carrier, and additional OFDM sub-carriers arel

placed within a + 5 kHz frequency band occupied by the analog modulated AM carrier.
20 ' - +DAB systems utilize forward error correction (FEC) and interleaving to
| | improve the reliability of the transmitted digital information over corrupted channels. Most
- conventional convolutional codes have been desi-gﬁed to perform wéll with binary signaling
in an additive white noise Gaussian (AWGN) channel. The simplest codes have rate of 1/n,
where each input information bit produces n output bits. Punctured codes can be constructed
25 'by removing code bits from a rate 1/N “mother code” to produée a higher rate code. S.
| .Kaﬂe'l, “Complementary Punctured Convolutional (CPC) Codes and Their Applications,”
JEEE Trans. Comm., Vol. 43, No. 6, pp. 2005-2009, June 1995, described a technique for
‘producing complementary codes, which employs a sort of puncturing technique to create

good component codes.




20 DAB systens utilize forward error correction (FEC) interl ng to
inprove the reliability of the transmtted digital i nfg:?%ﬁ? Bﬁ) g@é
corrupted channels. Most conventional convol utional codes have been
designed to performwell with binary signaling in an additive white noise
Gaussi an (AWGN) channel. The sinplest codes have rate of 1/n, where each
input information bit produces n output dits. Punctured codes can be
constructed 25 by renoving code bits froma rate 1/ N "nother code" to
produce a higher rate code. S. Kallel, "Conplenentary Punctured
Convol utional (CPG} Ksees: Bn&amparaa, ABprqSEqu@rnsand CqdpeTerhpigues fop M | Vol .
43, No. GybPiBGOWn008en MR, d9BRaadiSBty R Neeap ahe. 4a@rneoor19@lvcn ng
conpl enentary codes, which enpl oys a sort of puncturing technique to create
good co niesertied aé@ﬁh@lﬁﬂﬂ to gregis oy erepRing SUURPnet cedes Rrilhegatl of Ballet’s mrramalts
" Robust f ;@}vzzﬂ) ans.
MP%”& gtoﬂ-&ﬁh nhqyﬁﬁad S(HtefMte %hgatl%gg@ @9&38 8i AV

on Broadcasti n VoI escri

techn?q ubltftﬂ@ﬁtl@ﬁfé é’!lb‘lcéwirlﬂ(apﬁ) r%’ 3 éiﬁﬁ)dﬁemer %t@bl digvaiilsorsbown Hiat these caddsicert ' s

hol 1 ot Pomarpebald GALPRRIERTRE LA Miiiis Ehac-Dohfidion R1ERN TRk Gk
01/ 35555escried by Siteet ol A Bragingtic Appyoavhitt ArellisHEoied doddektiodnA. Nietrhpped
onto QAM ﬁgﬁ?@ter fic &%&H@&ﬁﬁ .8 il &ds; MQS' H%;Qflgéfme Ligshni que

descri be gmafi ¢ Approa
Trellis- ﬁ@@edng\mmlmrmlemﬁtaryhkepfppmém et al . | EEE Communi catl ons Magazi ne,

pPp. -19, Vol. 27 hem%e dis cée;ﬂdﬁieé %?.% to %iu i S(?cf% I{'BIB{ %%degir Vln? Blrm ?ured) I8

conpl enent ary- I|ke proper ree
convol uta mbmemd:eet(ipmwgetugc en‘orowomwmnmm‘bnnmled)n ars AVEGHK wharerel with bimaty i ¢ t O

o gnal | P SRRt BRSR "SRERal affi S00% SLBE Nl el i e

pat hs atdistheeef mek thedinghien of, erand ot hbosamnﬂﬁrarefusedr t®r&sobn fiep perfpraiahse ar e

used to ol ve fi.n er f qr.nanc i fference The ance:

Brefil o gt (e Ok RS rofls, S R G b ol Soen it Tt

I ﬁngISh. AShernir derigthn awyexﬁncgibﬁﬂaryrmnaﬁngjﬁedcd suuhmsaﬁfxl@%ﬂarll F\WGNMHGN:h e lignnel ,

the mninumE i stance nmetri ou tete is paths is

o 11 e K e ANGE aftten e HALE BDs i< eyt iy oPseniepeaon

(Te™ arldnfﬂffﬁx(telyeﬂfahmae giaerdatmr(mmcchmab@e dRinedifor RWGmehsgnﬁémﬂuel | in
vide_ no error

i npul sive noi s This is because e P codes pr
pr ot ect | BrRoG R Wl igp Bisive Peiss el i i e%rl%erf[lr ﬁ@@%@gz YieedRai o dean
di st ancegrok Protdtdor bn @%Mn&so Eugﬁlﬁl:dnabitmuh RN gBuriéb&ddAMeBddat diseinBes! iRIRY t ant

for error Br otection in an 1 npulsive noise channel.
: constellation. Hamming distance i is more important for error protection in an impulsive

noise channel. ‘
There is a need for a coding technique that overcomes these limitations and is
suitable for use in IBOC DAB systems.
| SUMMARY OF THE INVENTION

25 ~ In accordance with a first aspect of the present invention, there is provided a

~ method of transmitting digital information characterized by the steps' of forward error correction
| encoding a plurality of bits of digital information using complementary pattern-mapped
convolutional codes, modulating a plurality of carrier signals with the forward error corrected

* bits, and transmitting the carrier signals. '
30 ' Forward error correction may be accomplished by defining a plurality of code
partitions, selecting a puncture size compatible with the partitions, 'ﬁnding_ noncatastrophic

partition codes, and map'ping"m-phase- and quadrature components of the noncatastrophic codes




Thefe is.a need for a coding technique that overcones ' My | ons and
Is suitable for use in I BOC DAB systens. SUMVARY OF Tﬁggﬁ\%%@dﬁ I n

accordance with a first aspect of the present invention, there is provided
a nmethod of transmitting digital information characterized by the steps of
forward error correction encoding a plurality of bits of digital

i nformati on using conpl enentary pattern3napped convol utional codes,

nodul ating a plurality of carrier signals with the forward error corrected
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complementary pattern-mapped convolutional coded bits through a nonlinear limiter, '

_ 20 In accordance with a fourth aspect of the present invention, there is provided a
receiver for receiving an information signal characterized by means for receiving a plurality of
carrier signals modulated by a plurality of complementary pattern-mapped convolutional coded
bits, means for demodulating the carrier signals to recover the complementary pattern-mapped
convolutional coded bits, and means for producing an output signal based on the complementary

23 patterﬁ-mapped convolutional coded bits. _

. Example embodiments of the invention overcome the limitations of prior art
pragmatic trellis coded modulation by exploiting the contribution of each bit in the puncture
pattern toward the code free distance when these bits are assigned nonbinary values, related to
the Euclidean distance of the bits mapped to the signaling constellation.

30 _ BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic representation of the subcarrier éssignments for a hybrid

AM in-band on-channel digital andio broadcasting system;




~ receiver for receiving an information signal characterj,zgd by, ne for
receiving a plurality of carrier signals nodul at ed byhggﬁﬁﬁ%g?ﬁﬁg%of
conpl ementary pattern-mapped convol utional coded bits, neans for
denodul ating the carrier signals to recover the conplenentary
pattern-mapped convolutional coded bits, and neans for produci ng an out put
signal based on the conplenentary 25 pattern-mapped convol utional coded
bits. Exanpl e enbodi nents of the inverski on overcone the limtations of
prior art pragmatic trellis coded nodul ati on by exploiting the
contribution of eddgurpiltis arichamatip gepseseptetionnfithepuhcargoraassignhents fog én falee

di Stancedﬁé’ﬁﬁ%—ﬁﬁﬁ%ﬁ—cpﬁhﬁl A adtiRf IRy values, related to the
Eucl i dean™di st ance of the Dits nmapped to the Signaling constellation. 30
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representation of
the subcarrier assignnents for a hybrid AMin-band on-channel digita
audi o broadcasting system 13 Septenber 2006 3a Figure 2 is a schematic
representation of the subcarrier assignnents for an all- digital in-band
on-channel digital audi o broadcasting system 13 Septenber 2006 WO

03/ 094359 PCTI US03/ 12224 4 Figure 3 is a sinplified block diagram of

rel evant portions of an IBOC DAB | transmtter which can incorporate the
met hod of the present invention; Figure 4 is a block diagramillustrating
the functionality of a forward error correction (FEC) interleaver for a
core layer of a 30 kHz AM I BOC system 5 Figure 5 is a block diagram
illustrating the functionality of a forward error correction (FEC
interleaver for a hybrid enhancenent |ayer of a 30 kHz AM MOC system
Figure 6 is a block diagramillustrating the functionality of an
all-digital - enhancenment |ayer of 30 kHz AM I BOC system Figure 7 is a

bl ock diagramillustrating the functionality of a forward error 10
correction (FEC) interleaver for an integrated digital services (IDS)
channel in an AMIBOC system Figure 8 is a sinplified block di agram of
rel evant portions of an 1 BOC DAB receiver which can receive signals coded
in accordance with the nethod of the present




~invention; 15 Figure 9 is a block diagramillustrating e functi lity of
an AM | BOC hybrid deinterl eaver and FEC decoder i npl eﬂé%@[ﬁ”ﬂ?ﬁ?ﬁ@?
permts rapid acquisition of the- core audio; Figure 10 is a bl ock diagram
i1l ustrQfdfeoiske functionality of another AM | BOC h%ﬂf(ﬁﬂﬂ?&ﬂt erl eaver and
FEC decoder inplenmentation that permts rapid acquisition o 20 the core
audio; Figure 11 is a schematic representation of a robust soft netric F(y)
for an eight-anplitude shift keying ¢#8-ASK), in-phase or quadrature
conponent of a 64-quadrature _anpljtude nodul ated (64- QAM signal; Figure
12 is a schematic Pﬁ%?éé%ﬁﬁ!ﬂﬂhﬁggewad@%qf relgyant ﬁ%tflpv&:f')\praeﬁ AR four -
25 anpl i Ttx‘dﬂ%ﬁﬁé}'v(ftﬁch‘%%ﬂE&G?Bﬁw%ﬁé%ethb@bpﬂﬂéﬁﬁsé%in%iﬂfég,at ure conponent of a 16
guadrature anplitude nodulated (16-QAM signal; and Figure 13 is a
schemati ¢ repr eserfigire dris of bleckr dibgrem Hesmatinge the fundtipplity of a dotwiardheyor phase

shift keyj . I.n- e or f, a quadrature phase
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e utilized i.n 0 tible I BOC (1 n-Band On-Chapn DAB (Digital Audio
Br oadcas FW%@OE@%F&; Hﬁn%%a%% a }'\X%@)mt Ipyer i3 %Q)&J%Mc& Sl ems. This
FEC techni que is & el 4 %Idaﬁr&dg@aﬁ%li&%ﬁ%ﬂ\%eﬁﬁnﬁuﬁéﬁﬁnﬂﬁ?t&_rdﬁ' HRBRAM
Trellis- Coded Mdul ation (CPT . The CPTCM coding is designed to
acconmmod athangemen layesiof 30 kige AM ®BteB%enari os encountered in an AM | BOC
DAB channel . Referg] t.0 ,t dg.aw I IS, A '
representation of I{I%'gg 755%@%%@?%%&32%%&5%&%%?5 dgr%n%tiio;gf??w&ﬁﬂ band
ont hannedrrectiBOEEN imgedeaber dockindnte puated digiial semdces WEIS) rhanhblein lay M dBOBOC DAB
signal 10 jncludes a main carrier 12 at frequency f0O, that is anal og
nodul at et a program signal in accordance with conventional AM
broadcasti ng techrRiges is 4 BgphifieDBlocladis@an i rsleRst forRbit’ itlah IBOCfDAREN! Y
spaced subcarrjers that are transmitted in the_sane channel as the anal og
nodul at eBcergnwhich cay geceiyp pignalsswderhip gecstdsaceomith (the amethodrof the Preseri t i oned
in upper;agdichower sidebands 14 and 16, respectively, and are referred to
as the core subcarriers. Athird group of subcarriers, referred

15 S Figure 9 is a block diagram illustrating the functionality of an AM IBOC

hybrid deinterleaver and FEC decoder implementation that permits rapid acquisition of the
| core audio;
Figure 10 is a block diagram illustrating the functionality of another AM
, IBOC hybrid deinterleaver and FEC decoder implementation that permits rapid acquisition of
20 the core audio; |
Figure 11 is a schematic representation of a robust soft metric F(y) for an
eight-amplitude shift keying (8-ASK), in-phase or quadrature component of a 64-quadrature
amplitude modulated (64-QAM) signal;
- Figure 12 is a schematic representation of a robust soft metric F(y) for a four-
25 amplitude shift keying (4-ASK), in-phase or quadrature component of a 16 quadrature
amplitude modulated (16-QAM) signal; and
| Figure 13 is a schematic representation of a robust soft metric F(y) for a binary
" phase shift keying (BPSK), in-phase or quadrature component of a quadrature phase shift
keying (QPSK) signal.
30 ' DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention provides a Forward Error Correction (FEC) technique that can
“be utilized in AM compatibleIB_OC (In-Band On-Channel) DAB (Digital Audio Broadcast)
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first and second groups are nodul ated both in-phase and in quadrature with
respect wooydessanal og nodul ated carrier. The subcarrirmTsusesn2ts the third
group are arranged in conplenentary pairs and nodul ated in quadrature with
"the anal og nodul ated carrier. Two subcarriers 20 a nd 22 of the third
group that lie closest to the center’of the channel are referred to as
timng subcarrij.er nd, are .nodul ated usi ng, BPSK nodul ati on. di.gi t al
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20 Figure 2 is a schematic representation of the subcarrier assignments for an all-
digital in-band on-channel (IBOC) digital andio broadcasting system. The all-digital IBOC
DAB signal 30 includes first and second groups 32 and 34 of evenly spaced subcarriers,
referred to as the core subcarriers, that are positioned in upper and lower sidebands 36 and
38. Third and fourth groups 40 and 42 of subcarziers, referred to as enhancement subcarriers,
25 are also positioned in upper and lower sidebands 36 and 38. Two timing subcarriers 44 and
46 of the third group that lie closest to the center of the channe] and are modulated using
| .BPSK modulation. _
The AM IBOC DAB signal is digitally modulated using COFDM (Coded
- Orthogonal Frequency Division Multiplexing). Each of the subcarriers is modulated using
30 64-QAM symbols. The digital information (e.g. audio) is interleaved in partitions, and then
FEC coded using complementary pattern-mapped trellis coded modulation (CPTCM). The
CPTCM method of forward error correction (FEC) is based upon-a combination of a new




10 United States-Patent Application No. 09/438,822. Figure 3 is
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- the renvempledtudimsource 64 supplies and AM signal to-summation point 66 where the AM signal

on line 68 and the digitally modulated signal on line 70-are combined to produce a composite
_ signal on line 72 that is then modulated by modulator 74 and broadcast through antenna 76.
20 It will be recognized that although the functions shown in Figure 3 are shown in separate
blocks, the functions can be performed using one or more-processors, ‘where multiple'
functions are performed in one processor.
Figure 4 is a functional block diagram illustrating a forward-error correction
(FEC) interleaver 80 for a core layer of a 30 kz AM IBOC system. A-digital signal is
25 supplied on line 82 and assembled into a modem frame core containing, for éxamplc_, 3000
bits, as illustrated by block 84. - The modem frame is then divided into a plurality of bit
groups as illustrated by block 86, wherein the modem frame is shown fo be divided into 6000
‘5-bit groups. The groups are then subjected to forward error encoding and puncturing as
llustrated by block 88. _
R 30 Punctured convolutional codes are derived from a rate I/N “mother code”, by
removal of some of the code bits. The punctured code bits can be identified ina puncture
pattern, which repeats periodically. The puncture period P is the number of information bits
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different bit may result in a loss of 3, and the remoVarSegiemker 2806
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exploited in the mapping of code bits to nonbinary signaling such as ASK
or QAM In the exanple illustrated in7Figure 4, each of the 5-bit groups
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into 60Q0 5-bhit, rougs. The lIg’gxrogﬁ{ts are then subjected to forward error -
encodi ndMAGoreRFqaYEs asghore by 9lodt 10%t ed by bl ock 132. In the exanpl e of

~ Figure 6, each ofpjplie $10h FuddtiOthPBlock diagram illustrating forward error correction

(FEC) for an enhancement interleaver 104 for an AM hybrid IBOC system. A digital signal
20 is supplied on line 106 and assembled into 2 modem frame core containing, for example,'
24000 bits, as illustrated by block 108. The modem frame is then divided into a plurality of

bit groups as illustrated by block 110, wherein the modem frame is shown to be divided into

4000 6-bit groups. The groups are then subjected to forward error encoding and puncturing

| as illustrated by block 112. In the example, each of the 6-bit groups results in a 12-bit output.
25 The 12-bit groups are then partitioned into enhancement-upper and enhancement-lower
' | partitions as illustrated by blocks 114 and 116, for example by allocating six bits of each 12-
“bit group to each of the partitions. The enhancement-upper and enhancement-lower bits are
-delayed as illustrated by blocks 118 and 120, and the bits are mapped into an enhancement

interleaver as shown by block 122.

30 - Figure 6 is a functional block diagram illustrating a-forward error correction
' (FEC) interleaver 124 for an enhancement layer of an all-digital AM IBOC system. A digital

signal is supplied on line 126 and assembled into a modem frame core containing, for




-5 results in a 12-bit output. The 12-bit groups are th artiti into
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three biggopbsgaich 12-bit group to each of the parti tgGiassosRes

backup- upper and backup-lower bits are delayed as illustrated by bl ocks 142
and 144, and the bits are mapped into a core interleaver as- shown by bl ock
146. 10 Figure 7 is a functional block diagramillustrating forward error

correction (FEC) for an integrated data service (IDS) interleaver 148 for
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signal on line 174 by front end circuit 176. The signal _is then 25
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of an A% Iez%g:op %grﬂagtltgo?lls nt’ﬁlrel ﬁ?gl-l%per and IDS-lower bits are then mapped into an
20 enhancement interleaver as shown by block 162. |
Figure 8 is a simplified block diagram of relevant portions of an IBOC DAB
receiver 170 which can receive signals coded in accordance with the method of the present
invention. The composite broadcast signal is received by antenna 172 and converted to an
intermediate frequency (IF) signal on line 174 by front end circuit 176. The IF signal is then
25 -processed by a digital down converter 178 that includes an analog to digital éonverter 180
and a processor that performs mixing, decimation and filtering as illustrated by block 182 to
produce a complex baseband signal on line 184. An automatic gain control 186 feeds the
‘baseband signal back to a ﬁulﬁp]jer 188 in the digital down converter. Demodulator 190
demodulates the analog modulated portion of the complex baseband signal and demodulator
30 192 demodulates the digitally modulated portion of the complex baseband signal. After
~ deinterleaving, FEC decoding, and audio decoding as illustrated by blocks 194 and 196, the




- and FEC decoder. -The interl eaved and forward error corrgﬁt edu_g) gqtﬁgnal IS
I nput on line 5 206 and denodul ated into in-phase (1) O e (Q
conponents as illustrated in block 208. Bl ock 210 shows that soft deci si ons
for thewo@ndssd conponents are deternmined and the | heshdpst decisions
are deinterleaved in blocks 212 and 214 respectively. The deinterleaved
quadr ature conponents for the main upper and nmain |ower partitions are

del ayed as illustrated by bl ock 216, %and the deinterl eaved forward error

corrected core signals 10 are decoded as illustrated by block 218 to
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i n- phasé s as illustrated in block 224.
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eC| |ons are deinterleaved in_ bl ock 228.
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10 The Prodcertheenpanremsnt dagy anding 284 or corrected enhancenent si gnal is input
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conponents as illustrat
and demodulated into in-phase (I) and quadrature (Q) components as illustrated in block 236.

Block 238 shows that soft decisions for the I and Q components are determined, and the I and
20 Q soft decisions are deinterleaved in block 240. The deinterleaved forward error corrected
IDS signals are decoded as illustrated by block 242 to produce the integrated data service

data on line 244, N
Figure 10 is a functional block diagram of an alternative AM IBOC hybrid
' deinterleaver and FEC decoder. The interleaved and forward error corrected core signal is
25 - -input on line 246 and demodulated into in-phase (I) and quadratttrc Q cbmponcnts as
illustrated in block 248. Block 250 shows that soft decisions for the I and Q components are
determined, and the I and Q soft decisions are deinterleaved in blocks 252 and 254
respectively. The deinterleaved quadrature components for the main upper and main ower
partitions are delayed as illustrated by block 256, and the deinterleaved forward error
.30 - corrected core signals are decoded as illustrated by block 258 to produce thie core data on line

260. '




bl ock 264. Bl ock.266 shows that soft decisions for the | _and onents
are determined and the | and Q soft decisions are delﬁ%§ﬁw§%9@6?q bl ocks
268 and 270 respectively. The 5 deinterl eaved quadrature conponents for the
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272, angﬁi%e %%lnterleaved enhancenent signals are fg¥agﬁdﬁﬁg%ror
correction decoded as illustrated by block 274 to produce the enhancenent
data on line 276. The interleaved and forward error corrected |IDS signal
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P USOB/ ! chflnupted by an interferer while the other sideband is expected to survive on its own.

20 In other words, the code in each sideband should not be catastrophic, and should have good
. error correction properties on its own. Therefore each partition must constitute a code rate
less than or equal to 1. Similarly a pair of partitions may be time diverse, where one partition
is transmitted first (e.g. Main), and the other partition is transmitted several seconds later (e.g.
Backup). In this case the signal can.experience an outage for a second (e.g. as a receiver
25 passes under a bridge) and either the Backup or Main partition will survive because they
don’t experience the outage over the same content information due to time diversity.
‘Different pairs or sets of partitions can overlap. For example the Upper/Lower and
‘Main/Backup partition pairs can overlap each other. More particularly, the Lower partition
can be comprised of half of the Main partition bits plus half of the Backup partition bits,

30 while the Upper partition comprises the remaining bits.
| Next, a puncture pattern size (code rate and puncture period) is selected to

- accommodate the partitions. If a code is comprised of two mutually exclusive partitions (e.g. .
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eac partm n may not be consistent with the bit mapping in other partitions. For example,

20. - ot all partitions can use the bits with the greatest average Euclidean distance. There are
additional restrictions when partitions overlap. These restriction will likely result in a
compromise in the bit mapping for each of the partitions. In some cases it may be desirable
that one partition have a better mapping than another (e.g. Backup can be improved at the
expense of Main performance).

25 The CPTCM techmque is applied to 2 QAM symbol by treatmg the I and Q
components as independently coded ASK signals. Specifically the 64-QAM symbol is
created by modulating the I or Q component with independent 8-ASK signals. The 8-ASK

~ symbols are generated from specially selected 3-bit groups which are then used to address the

Gray-mapped constellation points. ‘The Gray mapping maximizes performance by

30 - minimizing the number of decision boundaries in the ASK mapping. This maximizes the

- average Euclidean distance. This is clearlly different from either the set partitioning
suggested by Ungerboeck in “Channel Coding with Multilevel/Phase Signals,” IEEE
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| T-28, No. 1, January 1982, pp. 55-67, or the rrulti-l gaﬁm PTCM
mappi ng suggested in the previously nmentioned article by \/terbl et al.
The mapRig\@n9fsss he code bit triplets to the 8 |evel s yirnlshf28:4ASK synbol s
Is presented in Table 1. 5 Table 1. Mapping of CPTCM coded bits to 8
| evel s of the 8-ASK synbols. MAPPING Level Level Level Level Level Level
Level Level -3.5-2.5-1.5-0.50.512.52.535A00001111 BOO1
1 1 100 C01100110 The 16-QAM synbol is created by nodul ating the
Q Jdomsentiens on informationdBiseryd del. I1-J8sRos jlgdaruary 198, pp ABKOE sl s ar e

gener at | r Qup h d to
addressq&ﬁ{éﬁ%aa%?ﬁaép%]édd@%ﬁs@ﬂ% %J(%%estﬁ%dl n 81% P?%Mu n&c??x%tﬁ %ode bit
_pai rs t &itehtd edall €bie! mappingt dfahdleciSlbityiplen| to thesS IHV@]S@N]&CB ASKE@bibﬁlsZs 10

Tabl e 2. ng&{ &f CPTCM coded bits to 4 levels of the 4-ASK synbol s.

MAPPI NGPFEFEFS 1t level Level -1.5 -0.5 +0.5 +1.5 A0O0 11 BO 110
The mappi ng crﬁm& ﬁ]el\ﬁﬁﬁiﬁgbf@PT@M &&ﬁﬁlﬁ\f@mvbﬁoéﬁﬁ@rme@ym G ay- code
nmapping is use vel s or - bit pairs. Gay
mapping is a \MAPPING\ JlmvetreLdmaH bdvel vgh hfg:eb Leyel Hylessl | evel s (ASK
levels in thijs exanpl g ere th of e els,cequires the

m ni mal nunbdr of cha"l'g?eéémaTZ%Di t'gl.'s pEebg n@gl I yi'?exa‘ggl y 3_‘[ one bit changes
bet ween the gqgdress ofgsuckgssihig lemels.[{n coptrasj, a pinafy nunber

assi gnnent ofl_addressps has no such festriction. In|lthe 8- exanpl e, G ay
coding resul$ in 7 pot ch&ngesl bet Ween the 8 level®, ndl co’unt ing the end
“points. A bi gary—rurbd ot eve FApptves—Hhit L1anges, not
counting the éﬁndpm ntp 0 Gh hﬁglf i knoqvn f b]enefuo upon

detection of_the ASK 5| gnal's 1n 0. nol Se _Si nce the nos 7<el bi t
estimation efforié-Gnid ﬁﬁﬁ@vﬂ%eﬁc%t%bbfe‘?@ uigting s T b0 COMORFYS VBN, 1t i s

furt her e ni fi cant
e Epapnd o kv A1 AARen ol o i el i)

occurs igruphwhiehsre then used to address the Gray—mapped constellation pomts The mapping

of the code bit pairs to the 4 levels of the 4-ASK symbols is presented in Table 2.
0 . Table 2. Mapping of CPTCM-coded bits to 4 levels of the 4-ASK symbols.
| MAPPING | Level | Level | Level | Level
-1.5 105 405 | +15
A 0 0 1 i
B 0 1 1 0

The mapping of the code bits to ASK levels is described next. Gray-code
mapping is used to assign ASK levels to bit triplets or bit pairs. Gray mapping is a well-
known method of assigning bits to address levels (ASK levels in this example) where the
ordering of the levels requires the minimal number of changes of bits. Specifically, exactly

15 one bit changes between the address of successive levels. In coﬁtrast, a binary number
assignment of addresses has no such restriction. In the 8-ASK example, Gray coding results
- in 7 bit changes between the 8 levels, not counting the end points. A binary nwmber ordering

of levels involves 11 bit changes, not counting the endpoints.

Gray coding is known to be beneficial upon detection of the ASK signals in

20 " noise since the most likely bit estimation errors are made when the level is near a bit
transition. It is further obéewed that more transitions (m/2) occur in the least significant bit
(LSB) of the Gray-mapped m-ASK symbol, while only one transition occurs in the most
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Therefore the LSB is nore prone to errors caused by noi SeSeHERPeRI08\S
Thus the MSB is nore reliable than the LSB, and the other bits are betvveen

these &yboHIIRBe This property is exploited in the negdyogkesinihi s
i nvention. In addition to exploiting the unequal €rror-correcting property

of the code bits 5 through puncturing, the invention also uses this
property to map the code bits to the IASK synbols (bit address triplets or
pairs). The nost val uable code bits are placed in the most reliable MSB

| ocati o rﬁsgm@ﬁaat Iwh GVISBhsThex@fmatber ESBiis morenpronretoleBRy erusad yrmpise Tharsthg houl d

tend to @?ﬁoré ‘Pelﬁ E9f, C@g rLS%t Iﬁ'['](gtht%bl I | tbétfue OIV’E”B ulting

code an m)du a |on he “mal n ene Sr PTCM
i s that extrgmed THispropgtyds etploiied ircthembthod Of thiiinteatined. TCM or PTCM are
designed to mexin_ze, Fuclidean. di %Fance while allow di st ance

of only 1 on the dénonﬁng PIP&IE HReqPRISIIoTUReLing @%?‘Bfo g{"n@@t whi ch

i s 5unacaBRugbbénchRing] MR Yhwehich El@é 6@s WS pRIpERY o BRP theP&IdE Vil BNER ASKf adi ng.
In contrast, the TCI\/Itechnl gfﬁro oseéJ here i's designed to maintain the

good Harfmbgls dbis pddress t@PletStOﬁ@a@M P a5ty vainable gode dite arevpladed imvtheimosti ng
Eucl i deggyflies pﬂqscau&%ean&ﬂasfe%smmﬁmwﬁﬁhe 138 'f&rap&%f RESG sh&p& teqa ko code

is-easy to inplenent since It requires only a single sta codlng and
dei nter Ilmaummgthc s ik errariverredting mbdhityl @fi thd mg@nn@cmﬂm@tnﬂdnleﬁm | \thatig

techniq T PTCM | an as snent of the relative
val ue 01"% %ﬁﬁg a%a\ﬂﬁcglnb%aeovﬁ'] {‘:@G\‘;{Aﬁ ?ﬁ&# abﬂlrﬁ?f’% pg gfsfpmeg-gn E&arrpl e
aggune toigined, eTEMC GORT (N tase ﬂd@1gﬂed)fbfﬂ1ﬁdn% EudfiddaR ARtAtehid iRwiRnCct uring
the oth an%@theseGblts are to be ped to the bit triplets of the

8- ASK s?ﬁ?&ﬁ% e of elpdoa tha MR- s lFﬂS@iP@ ther YESB's haveqoesige prsitectionyr e

pl aced i SRR I bits
are assaf:}fl ‘gltlgtljm af/‘cm@% h t h@?ﬁ%@gﬂoi%%&?%agpwg)ﬁ KH&E egmg&dtlﬁgiaﬂr11 gmé;ﬁg%m at ed
W th t héheCPHEM tedmu;ut: mmpzsammm 1edtsﬁgnsdmmam§mmhe abvetHaniing digtacebfidl e ASK
addr ess t.hat bits are oyped within the same
25 synbgF sﬁtzqcﬂklkgtﬁl} %? “}%‘%‘a{%cﬁ“ﬁ d; ﬁsfaé'ﬁ? é‘g‘ﬁ%'t%@eé%tc?‘éspmp e bur st
eit§ or s Wutthirmore thy CPTICM chﬁk ebsyao implemef silRGhreg@etd dalyt a kifigle sRig et ur e
pattern js asse sed for subsequent = mappi ng of the code bits to the

modul at [987PAEARE deintarieaying, unlike e ofhsr By qsﬁ‘ﬁe ﬁ%comyﬁ@mteﬂwwtwmme% ntire
code isoF?QMqumq_dl ng on whether the nmapping is to be optim zed over each

partition individually, or if it is nore inportant to optim ze the mapping
over the entire c@ﬂ’éCMaﬁqﬂmgaaﬁmmhﬂfetherﬂlat‘ﬂptv‘a]mpﬁtlieomiowsidoﬂe baneral |y

yield dififsr gt pLHBR]E’é Dot SURLS example 2as588E there are 6 code bits in a partition

20 remaining after puncturing the others, and these 6 bits are to be mapped to the bit triplets of
the 8-ASK. symbols used to create 64-QAM symbols. Then the 6 code bits are placed into 3 |
categories of reliability, where the most valuable 2 bits are associated with the 2 MSBs, the
least valuable 2 bits are associated with the 2 L.SBs, and the 2 middle bits are associated with
the middle ASK address bits. It is not necessary that the bits are grouped within the same

25 symbols since bit interleaving would be desirable to scatter the burst ei‘rbrs within a symbol.

Next the value of each code bit in a puncture pattern is assessed for subsequent
mapping of the code bits to the modulation symbols. Either a code partition is identified or
the entire code is used, depending on whether the mapping is to be optimized over each

~ partition individually, or if it is more important to optimize the mapping over the entire code.

30 - These two different optimizations will generally yield different mapping results. In a case

‘where it is preferred to optimize the individual partitions, the assessment of the value of the

code bits can be done in several ways.



- wWhere it is preferred to optim ze the individual partitjqQns, the _assessment
of the valuepof the code bits can be done in several &%%?me@e @@i%nber
2006 WD 03/094359 PCT/ US03/ 12224 14 For exanple, each bit can be renoved
fromtheunaessand the loss in error correction abiliddtaighba assessed. In
order of inportance convenient nmetrics include catastrophic |oss, free

di stance | oss, increased nunber of paths at the distance. The | east

val uable bits result in the least |098. These bits would then be ranked to
map the | east 5 valuable bits to the LSBs, or nost vulnerable bits, in the
modul ati on synbol Eor examelenaadhvist ¢an be tesndyed &romathe lgeds andbthe dossrin grioups

I nst ead t.a tine.  An er._approach |ld be to use. .a Viterbi

A gor 1 e o8 B coh J8. a S8 I B PrReE Bierl i ¥ohEC) § dean
di st agceataafop]gmhelossg@ee didimce e dndredstd hiﬁmb\e& dﬁ\{ﬁlhb&mhegﬁﬂa{ca.l |'BhedeONPr om se
must be e for t .10 bit mapping. . This i ecause one partition may
prefer & d]i’IPiQirﬁlrlﬁﬁ}“ﬁb‘Ptth? geaﬁfeloﬁsapgg?fettﬁtsaw%ﬁgthe vieskeddn maphs| leastiar ess,
whil e t RainaBiaBRs & the LSB&Rr SIS VuRRRLRGLIRAN thd hOWhIARY sﬁﬁﬁ‘ﬁl@%ﬁ&na , mappi ng.
Bot h optim zations cannot be accommobdated in these cases and a coOnprom se

must be teskitsigar beiremenedistzanips bivead ofSmeet atimexAngthe approechdeaildbrstoase
Geser! DSy RN s 16 AL S r B FUIE B G RBAE T

i ncl ude i nterl eaver I'gns i ht er | eaver
can be aéthegndel for CPTCM with a scal able (2-1ayer) audi o codec. The

I nterl eaver woul e copprised of parts; a Core Interleaver anni ng 50
subcarriers (25 VOFEFOG HALISES PYsap EEmeralivA GTORIEISEmYs: e ks Rithe

| noer | eayehappR@n ThidGs B BAdPdriitinSmay fibfef O pREQNE Bitab Yo Rupieats h BIspoai rs for
t he Hybrid g??fgem and 25 in@lseach the“?gfv\erﬁg%d 20 upper% ngs" for the

Al | -Di gimosulafon syrpol agiygssawidile thehsames bib dman ovsrlapping pattisiorp may, prefeBym i n  t he

Enhance t 1 on . o] l.n | e.j.nd dent of
the En%ﬁcg{nag’ﬁl%l g’coﬁ’?ﬁg%l n tﬁ?ss E?Q%PE, gcgéﬁ%g?a?‘%&e?lgdta&% h?dg%g%ﬂg% on
ei t her soniprogfisetinest badvaluaedand establishredut i | i zed in the 30 kHz system Figure

1 illustrates the,location of the.interleayer. partitions_for th brid
sylst elr% whi | e Fi qofFEReb eXfpple; gode odesians %c%f‘fr&qgo‘?e H’émignﬂ’@rmﬁé@&s)w%

pastiti deRrib&y abdve. AlthesOidgdifml inshiad eierichhe ERERMVitaMdes feam Rvared ed
t hrough puncturing of rate 1/3 convolutional codes. Arate 1/3 code

provi de8ysemiThe Bitleaven gapbe designed fos GRTGMavitumicelable (2-aen apdio codeborm a
rate 5/ pe GRG%aliSfodld'bd PémsABE 8 pdfis Ch (BRAIAPENRr sfanhil 48 Rubdardess POSSI DI €

.(25 Upper plus 25 Lower sideband) and an Enhancement Interleaver spanning 50 subcarriers

(50 complementary subcarrier pairs for the Hybrid system, and 25 in each the fower and
20 upper "wings” for the All-Digital system). Two additional subcarrier pairs (+27 & +-53) in
the Enhancement region can be used for IDS information and are independent of the-
-Enhancement coding. In this example, subcarriers 2 through 82 on either side of the main
carrier are utilized in the 30 kHz system. Figure 1 illustrates the location of the interleaver
_ partitidns for the Hybrid system, while Figure 2 illustrates the location of the interleaver
25 partitions for the All-Digital system. - | ,
The CPTCM codes can be created through puncturing of rate 1/3
convolutional codes. A rate 1/3 code provides a sufficient number of bits in the puncture
‘pattern to form arate 5/12 code used in the example described above. Although it is possible
to use almost any code generator polynomials, a good place to start the search is to use the
30 standard polynomials since they are more likely to- produce better punctured codes. The FEC
~ code requires appropriate puncture .patterns and code-bit mapping to provide good results in
bot_h_ the Hybrid system and All-Digital system. For the Hybrid system, the puncture pattern .




- to use al nost any code generator polynomals, a good place to start the
search is to use the 30 standard pol ynoni al s since the{3 &eetembee2@ibely to
produce better punctured codes. The FEC code requires appropriate puncture

pat t er ngARK Lﬁgyje-bit mappi ng to provide good result $cichised@idd the Hybrid
system and A? -Digital system For the Hybrid system the puncture pattern
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for the upper sideband and | ower sidepband conpl enentary conponents. Each
sideband is required to provide a good quality code in the case of the

ot her sweldapdbvidei egle claitsr fut thel. uppee sidebandc ale lowest siddbsl [semplementaiyoned f or

di it i th i,n _and kup. ts. Each,, t t
can be EVBBMETS; Faoh gt & SRRt 2Py S BOREE B AR Ot of B6 of
5/12. ThhefsitsbaldEbeint B6rnipicd. PEHel @B cv@iinGst alss Qe faRitidhed for Bivesdy haihween a

Mai n audi 0 channel and a Backup audi o channel. The Backup = channel is used
for fasMaiyaidBackup corppareeies Eashheoranlepasniary gomppngatiqag e sodadaisiigracigies of
inderm Q&Fl?gigae ' a W ?m%apg oded at a
rg'c%e of rs?fdgﬁe&lgsu t n%blﬁgcé%%ﬁe%ggllgbggy?g%e of II51 12. B}%rgwégggdrl Lower
partiti be dptitutedvieivaepsa Maim awtid heenné] BerdkauPagkap taindio whapel.r The\Bgcloy code

I ncl udi . | I, [ . Of gt . f d ' he Co
FEC ConfRRPHcisplikd it ERIRVE s s JPoh i ) Bigef ety 703 ¢
G3=711] intkheitepoblatiages. Ve Maidank Backigghannelasudh leaybs cqicdat biste pAboer n for

the Core FEC.code is defined in _Table 3. Sope exanples qf sone good codes
- cr eat ed™s§¥}ing iy ﬁé-‘§€‘bmf§ cod-Fit GTied Zar BregHRRGEBUET PrIREON RAhPYRTBPS BSnct ur e

Pﬁiter'nMairkﬁac}H??aré&&MiB‘. UB LA UC In Table 3, B = Backup, M= Main, L =
Lower Si deband, = Upper Sideband and A, and C are the bit positions.

Tabl e 4 provi des Zageatrnode ipclofling e tworozerapping paircefwaditions Wagfpendqusingor e FEC

igmirggytl@g(\;\gr r@%&%&%@si?@@ﬁc{u}é P ol pSiyMiiths o A=36P t2FH3g kP 5/6 5
G3=711]. The combined Main, Backup, Upper, and Lower puncture patiern for the Core

FEC code is defined in Table 3. Some examples of some good codes creafed using these

15 techniques are described next. ‘

- " Table 3. Puncture Pattern.

LC fBLB BUAIMLG

BUB [BLA IMLB MLABUC

| Cco lMUAO 0
In Table 3, B = Backup, M = Main, L = Lower Sideband, U = Upper Sideband and A, B, and -

C are the bit positions. Table 4 provides a summary of the core code parameters.

Table 4. Core FEC summary of parameters.

Partition |Rateldf|a |c

Main 56 1415 |54
Backup 56 |5 |19 168
Lower 56 [5|19|168
Upper 56 |45 |28
Composite | 5/12

20 The overall rate of the Hybrid Upper plus Lower Enhancement FEC code is

rate 2/3. The puncture pattern and code-bit assignment is defined in Table 5.
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PCT/ USO¥ ol daadshsd6 Table 5. Puncture Patterns. ELI RS 224EUQA\ 0000
ELQO EUB O In Table 5, E = Extended, L = Lower Si debanc? Upper
Si deband, | = In-Phase, Q = Quadrature, and A and B = bit posi tions. The

Hybri d Enhancement FEC Conposite Punqgture Pattern was produced using
generators G=[ G1=561, &X=753, G3=711]. Table 6 provides a 5 summary of the
hybrid enhancenent code par arﬁb]erﬁsPuﬂ'cmhrb@at&msl—lybrl d Enhancenent FEC sunmary
of paraneters. Partition Rate c=Hppe 4 38 Lower 2 NA
Conposite 2/3 7 20 96 The FEE@T‘(’:C(FI'% Ee ﬁgﬂ | -Di gital Enhancenment can be
identical to the Core code [gest|gn wevep there is a nodification
required in the interl eaver r lfra ng ahd delay. This nodification is
descri bed bel ow with respect| Hlg Jthe 5JEI-TQiD Qi ta Enhancenent 10

i nterleaver. The |IDS subcar riers—car-be—bdutat ed usi ng 16- QAM synbol s as
wer e t hdn Iﬁhlaaﬁaﬁnﬁxltendubdaﬁrhms Sidsbdmda Ur + @ipper2Sidetyld, SB= (n-PHasan@ = 53 are

- conpl e r subcarri er rid m Subgarriers 27

~and -27 ﬁ%‘?’l i@m bif posjtigas. MM%CFWG‘FW‘P’“@S@? g st em

- The | DS regeuens %rdd&céﬁzlsﬁﬁgrﬁéﬁérﬁtofsmiﬂdﬁy@p@2&793, B0 unble %roﬁﬁ@& a
associated wth a block I'ength of 32 OFDM syrrbol s in'the particular

i n? er | edy@magyd ghe ybrifprhansemept eode BYABOES- | ocations 10 and 26 are assigned

as Training Symofaéngl}fybhgﬁh% s A ael) afeﬁﬁ:g%géj bits of rate 2/3

coded i nformati on equence carri nformati on bits,
i ncluding .an 8-bit CRC. A|®Pattitiod/ 3 wﬁEdfcana be Enployed with rate 2/3
conpl enent ary conponents. Frhe-Uppar—a Lolver

P y conp Upper ' |1 1 438
[ Lower 2 N/A

Composite [ 2/3 17 20196

The FEC coding for the All-Digital Enhancement can be identical to the Core
code design. However there is a modiﬁcationr required in the interleaver for framing and
delay. This modification is described below with respect to the All-Digital Enhancement

10 interleaver. |

The IDS subcarriers can be modulated using 16-QAM symbols as were the

Enhancement subcarriers. Subcarriers 27 and 53 (-27 and —53 are complementary) are IDS

~ subcarriers in the Hybrid system. Subcarriers 27 and -27 are noncomplementary IDS

subcarriers in the All-Digital system. The IDS Sequence is 32 symbols long (symbols 0O

15 through 31} and associated with a block length of 32 OFDM symbols in the particular

interleaver used in this example. Symbols locations 10 and 26 are assigned as Training

Symbols. The. remaining 30 symbols carry 120 bits of rate 2/3 coded information. Hence

each IDS Sequence carries 80 information bits, including an 8-bit CRC. A rate 1/3 code can

be employed with rate 2/3 complementary components. The Upper and Lower

20 ‘complementary code components of the All-Digital IDS subcarriers comrespond to the Hybrid

inner and outer IDS complementary subcarrier pairs, respectively, of the Hybrid. Table 7
illustrates the all-digital IDS puncture pattern.



- 20 conpl enentary -code conponents of the All-Di gital

correspond to the Hybrid inner and outer |IDS conpl errej?;]e;??eﬂ})&gbﬁ?er
pairs, respectively, of the Hybrid. Table 7 illustrates the all-digital
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Table 7. Puncture Pattern. |DSLIAO | DSUTAL | DSLI Al LQAO | DSUAI

| DSLQAI 1 DSUQAZ | DSLB; o I DSUno | DSLB; 2 | DSUffi2 | DSLQBO | DSUQBO | DSLQBZ

| DSUQ@BZ | DSU AO | DSLnl 1 I DSUM | DSLIA2 | DSUQAO | DSL@QBI 1 DSUQBI I DS LOn2 I n
Table 7, IDS = Integrated Data Service, L = Lower Sideband, U = Upper

Si deband, I = I n-phase, Q = Qlishle At Buneturelfatiterd. and B are bit positions. The

|DS FEC ool o Pinect ira DAttt Arn wawnce nrndii~and IIDL O aaoanar-at or.c

Go[ Gl=561, 1080 bR Hhar i SLon g IPSHhve)| BOphao | A0SO Fakey |JPOTmE || DS code
S . d
par anet er § IngpRT EMSSTLPr 2/%1—?% SBRUR; YIOSLRR ml;@; Dsﬁ?ﬁrztllgsu?ébaz\, te dr a c

Upper 2/ 3|7 6 Lower 6 26 NPOSI er bl ock
can be corpPf¥nol| BPSIaR (DSIDMﬁﬂBBbiAS Sghs DDSJIQ,_@E ELIDﬁHuhc IBBL &2l ocks in a
Mbdem Fr arre- (I—ﬁt er-eave %pa.-; for—the—atr-and—t T he—trhanreerent
partiti ons The BhcKalfe PAIDS + ilaegratad Dam Sentied, IIea\leﬂfepSﬁebaﬁmIIy.-.dﬂppebl ock
span to rapi d, 10 | The re | erI ver | ncl per

si deban ‘illl D&%Ph%gf%d b'aﬁﬁ’%@‘?@r ’%Cg EH‘?SIHOPFreUI%ﬁﬁ:Qﬁ

Interl ea@&ﬁpo@itépudcﬂﬁé PR R8s ploRRed ﬁéxﬂ%@@@?&t@@é—ﬁ'ﬂ% erz%‘ﬂ a1 ( 25
subcarriers each, excluding the |IDS subCarriers) for the All-Digital
sySt em Tble &providesiacmammaryef the B coda paraeters. Enhancenent partition for the
Hybrid system Each in a (FE J of 800 QAM synbol s
(750 data + 50 Trai ni ng;ﬁﬁllig ?Be sca%q%{g |o ég%dec inthis exanple is
conprised of two layers (Carrartiiod mfe I The Core layer is mapped
onto 50 QAM subcarriers (Zg_sx.l.bx;a.r.u.erc si deband) while the
Enhancenent |ayer is mapped Wnpeo 50 ZAM Zo Pl 8ent ary subcarriers (pairs
for Hybrid) . The Core and i YFES 28] © coded separately. In
addition there are some sybcarrieris aski ghed carry 16- QAM | DS dat a.
Composite { 1/3 | 17

An interleaver block can be comprised of 32 COFDM symbols (bands). There
. would be 8 blocks in a Modem Frame (Interleaver span) for the Main and the Enhancement
partitions. The Backup partition can be interleaved over only one block span to permit rapid
10 tuning. The Core Interleaver includes an upper sideband and a lower sideband (25
subcarriers each). The Ephancement Interleaver also includes an upper sideband and a lower
sideband (25 subcarriers each, excluding the IDS subcarriers) for the All-Digital system, or
equivalently an Inner and Outer Enhancement partition for the Hybrid system. Each
Jinterleaver block holds a total of 800 QAM symbols (750 data + 50 Training).
15 - Thescalable audio codec in this example is comprised of two layers (Core and
Enhancement). “The Core layer is mapped onto 50 QAM subcarriers (25 subcarriers on each
 sideband) while the Enhancement layer is mapped onto 50 QAM co:ﬁplementary subcarriers
- (pairs for Hybrid) . The Core and Enhancement Layers are coded separately. In addition
there are some subcarriers assigned to carry 16-QAM IDS data.
20 ' Interleaving within each block spanning 25 subcarriers and 32 OFDM symbols

can be performed using the following expressions for the row and column indices:

row(k) = mod[ll -mod(9-£,25)+16- ﬂoor[—z%) +11- ﬂo'or(g%)ﬁz]

col(k)=mod[9-%,25] -
k =0...749
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The 30000 Core information bits comprising each modem frame are coded
and assembled in groups of bits from the puncture patterns, as defined previously and
functionally illustrated in Figure 4. These groupings are mapped into the Core Interleaver

using the expressions presented in Table 10.
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information bifs conprising each nodem ffane are coded] and assgnbled in
groups pf bits| fromithe puncture pattern“(seea%o"%ib)fl ned previously and
functi offgft ! THhE ngs ped into the
Core In gjé‘lkx eirg%% %m““ﬁ@%‘{g?@%%?gﬁls pi;i(gosg{/lt egj in Tab gﬂﬁ?g 13 Sept enber
2006 WD 03/ 094359 >CT/ US03/ 12224 19 The(séémc@elht erI eaver indi es are

def i ned : =-Blogk—Syrhol—Ide—0—tor 749 —syrbels—tp—eagh-9re block; b
= Bl _OCk m—1@W ) %ﬁﬁ@fé@ﬁ%ﬁé@n ‘;ngeng)and p 3+ Dr%fﬁbl t mappi ng
Wi thin BRET, G T80 SRRl fobiBBI00) S 7501 [medshea) OB=3ublamy) |Tabl e 10.
Core | nterl eavier ping Partition N h pn X Kb.p ex i n bl ock

1 or (0 2250) mifm%ss@?&éﬂ&&‘a@%ﬂﬁﬁ%@%gﬁs TR0 %?E“"?’Sﬁ Ly 730 +1.

. 750] f1 oor ( n/ 22505herd48)thEB)ancement information bits comprising each modem frame are

(41 W \'HIA

coded and assembled in groups of bits from the puncture patterns, as defined previously and
illustrated in Figure 6. These groupings are mapped into the Enhancement Interleaver using
the expressions presented in Table 11. _
10 The Enhancement Interleaver indices k, b, p and p are defined as: k = Block
Index, 0 to 750 symbols in each Core block; b = Block number, 0 to 7 within each Modem
Frame; p = 16-QAM bit mapping within each 16-QAM symbol, (1A=0, IB=1, QA=2, QB=3);
and p = QPSK bit mapping within each QPSK symbol, (I=0, Q=1). |
| Table 11. Hybrid Enhancement Interleaver Mapping.

Partition | N K | b - p
X xpp n=0..N-1 | index in block b block # 1&Q,
| ASK
mapping
EU g, | 24000 mod[n+loor(n/6000), | mod{3*n+floor(n/3000)+ | mod(n4)
| 750] 2*floor(n/12000), 8}
EL xpp, | 12000 mod[n+loor(n/6000}, | mod[3*n+floor(n/3000), 8] { mod(n,2)
7501




(see not e 1) MJ k, b, p 18000 nod[ n+fl oor (n/3000)+2, 750 d(3*n ?
3+mod(n, 3) M. kbp 18000 nod[ n+fl oor (n/ 3000) +3, 750] nh%ggpﬁﬂ@% o
3+nmod(n,3) 5 A diversity delay of three nodemfranmes is added to the

Backup s@lexabsssd Ne 24000 Enhancenent information bits 112344ng each nodem
frane are coded and assenbled in groups of bits fromthe puncture
patterns, as defined previously and illustrated in Figure 6. These

groupi ngs are mapped into the Enhancesent |Interleaver using the
expressions presented in Table 11. 10 The Enhancenment Interleaver indices
k, b, p and p ar eAdé-fetaitgdelaxokoochBmmesEsradé&dm@habacmmsig@ah‘ool s in each

Core block; b = ocC 7 W thi dem 16- QAM
bit nmappi ng wit hi @QHHW%FmeTIf@a%%%% wmgfrﬁ%&eﬂhnd p =
QPSK Dbi tfraffepsrt ngdedi idd ssseaslbd @ﬁéupy abbits froh=6Ge pRRdre ﬁ&bﬂng abldeﬁh&br i d

Enhancenent | nterl eaver Partition Nk b p .N-1 index

i n bl oclTgEYAad #lpwedpesvég g‘#ﬁ i AEe sewwwsmmpmmﬁpa@i Pigigboo) ,

3+ 00), 8] EL k, b, p 12000
Tosl e e e e S e B e e B R AR ) “7so] 13 Sopt enber

2006 WO 03/ 094 35BhepdI-Nis63 Enlpacemenpintetleavey &y @lStG)EMPJleéSyVﬁJY similkbigdhe Fr anes
IS addeq}ogfel tﬁlagﬂlngac]%gﬁ I”RS) %%qg fﬂaves orgfrt al EPQ]%C %%Eﬁ] ari

|nfornat|onni)blt€aﬁgonp &l ng eac rarre X B dEl " and R sEhbl ed in
groups ddentiédl so the dnik pertipulnThis na:esnahﬂeea fiinor agodifebtiored thepCee inaerddayerand

Enhance b8 Core ek Bpel nieoreng fHentiney o) OANL CarRaBent k. e Mamn” e

Alih - D girkahe RARBNGEI B HNs Y O (hBAY:Rire) QAM cSmBPHRIP! B berV@rdbcshitbdad toO the
Core interleaver, except that the Backup portion interleaves on frame (not

bl ock) Femeitiesmentiaierizame, the Ragkmeimplyen)intrieavatis madeidentisel tattes a ni nor
pans. AR Qb OB, i e puancerEal Bidlp iiinth BE babdlifibd 2! N9
one frame ahead of the Core Backup Frame, while the Main Core and Enhancement Frames
are transmitted simultaneously.
5 The All-Digital Enhancement Interleaver indices k, b and p are defined as:
k = Block Symbol Index, 0 to 749 symbols in each block; b = Block number, 0 to 7 within
each Modem Frame; and p = PTCM bit mapping within each 64-QAM symbol, (IA=0, IB=1,
IC=2, QA=3, QB=4, QC=5).
Table 12. All-Digital Enhancement Interleaver Mapping.

Partition { N, n= k b p
X kbp 0..N-1 index in block b block # 1&Q, ASK
mapping

BU kpp | 18000 mod[n-+loor(n/3000)+2, 750] mod(3*n,8) | mod(n,3)
BLypp [ 18000 mod[n+floor(n/3000)+3, 750] mod(3 *n+3?8) mod(n,3)
MU, | 18000 mod[n+floor(n/3000)+2, 750] mod(3*n,8) 3+mod(n,3)

| MLypp | 18000 modfn+floor(n/3000)+3, 750] mod(3*n+3,8) | 3+mod(n,3)

- 20 , A diversity delay of 2 or 3 modem frames is added to the Backup signal.
The 80 IDS information bits comprising each block are coded and assembled
in groups of bits from the puncture patterns, as defined previously and illustrated in Figure 7.
These groupings are mapped 1nto the Enhancement Interleaver using the expressions

presented in Table 13.




10 Frame interleaving spans the Q (quadrature) QAM co ent der to
accommodat e Frame Enhancenent interleaving, the Backzﬁggeﬂeﬁ‘bﬁﬁ 6@3
interleaver is nade identical to the Min Qinterleaver expressions. Then
the Enhgny@ete Backup Frame nust be transmitted ongdg@ppiaiead of the
Core Backup Frame, while the Main Core and Enhancenent Franes are
transmtted sinmultaneously. 15 The All-Digital Enhancenent Interleaver
indices k, b and ;p are defined as: k1= Bl ock Synmbol Index, 0 to 749
synbol s in each block; b = Block nunber, 0 to 7 within each Mbdem Frane;
and p = PTCM bi t %@w&@tweawmth@sh @dp@@ﬂ@n@m k £ BlodB Inde3=-0 to 29 C=2,

=3, QB terle pp| ng.
Partiti of AL e%?ht?iroﬁgxx '@I wq%_r%m%%& g?%t%g%lt%‘{( ggy ASK
mappi ng Qm,ﬂitrhapp HgB0iRn md[lﬁﬂAMQyﬁmélSaQQM[B,_l JKBRE2 B3R n, 8) m)d(n 3) BL
k, b, p 18000 rmd[n+f|oor(n/,§a%(1') +3 750 nod(3*n+3,8) nod(n,3) MJ kb,p
18000 mod[ n+f | oor ( n/ 3000) +22%:€7 cIgylappignd(n, 3) M.k, bp 18000
nmod[ n+f | oor ( FR 700] a(d“n+5 B) 3¥ND : Tversity del ay of
2 or 3 nodem ?ﬁgm ﬁs addeé{mo t he Backup si r%gl. The 80 ID\E i nformation
bits conpris Kg;,peacmiaﬂl.délk m@xwmheqmcasse ASKnmgppingp$ of bits from
t he punctur erpgat as—6 ' in Figure 7.
These groupi fi %F’% lI‘Hf)ped i fﬂfg)r@(ﬁq;ﬁ@ene (M98} | eaver Using t he
expr essi ons wasghi e ggh 1 n %ﬁ%or@@ﬂﬁ?i)tﬁm%od%ﬁ) VWO 034094359
PCT/ US03/ 122p4 21 he | DSlinterleaver Indiced k and p are defined as: k =
Bl 8ck Index, 0 to 29 synbols in each bl ock, skipping the two training

s ot oar e b o ey M5 R EBL e 2t

Partiti q:lerfbintedrmsﬁigltheFfoﬂm@n Bkplessingl éot therowiEecs@Bndace | &Q ASK mapping | DSU
k,p 120 nod(n +floor(n/60),30) nmod(n,4) IDSL k,p 120
nod( n+f | oor(n/60)+11, 30) nod(n, 4)

row(k) = mod[ll-[k + ﬂoar{l—]fj-D+3, 32:|

k=0..29

The index k points to one of the 32 16-QAM symbols within the 1DS
10 sequence. Each of the 16-QAM symbols carries 4 code bits. Of the total of 32 symbols, 30
carry IDS information while the remaining 2 symbols are used for training symbols (locations

8 and 24).
A functional block diagram of the deinterléaver and FEC decoder portions of a
_ receiver is shown in Figure 9. The constellation data at the input is comprised of the I and Q
15 values for sach of the QAM symbols, which have been demodutated and normalized to the
- constellation grid. Channel State Information (CSY) is associated with each T and Q value to
: permit subsequent soft-decision detection of the bits. The purpose of the delay elements in
the figure is to timé-align the Backup audio information with the Main and Enhancement
.audio information, since the Main and Enhancement have been delayed at the transmitter.
20 The MU and ML blocks of bits are accumulated in an entire modem frame prior to
dcinterleaving with the BU and BL blocks of bits. B_locks 208, 210, 212, 218, 236, 238, 240
and 242 in the figure indicate functions that must be processed on interleaver block
boundanes (as opposed to modem frame boundaries) in order to Immmxze delay in

processing the Backup or IDS data.




- 5 Interleaving wi-thin each I DS sequence spanning 32 OFDM synbol s can be
performed using the following expression for the row (¥éSeptenbendede

row k) =nod[ 11.rk+ floor[1511 +3, 32] L9 Il 11 JJ JJ k=0...29 The index k
points Gy Rssed the 32 16- QAM synbols within the | DQcrhRospasence. Each of
the 16- QAM synbols carries 4 code bits. O the total of 32 synbols, 30
carry IDS information while the remaining 2 synbols are used for training
synbols (locations 8 and 24). A funckional bl ock diagram of the

dei nterl eaver and FEC decoder portions of a receiver is shown in Figure 9.
The constel | ati onSifge dingry todes iargpusedi for EFFEM s noinbinhey modulatioq it1S val ues

for eac . ol Lch have bheen ul at a nornalized to
the concteBridia b IR artor bl eI af ETREM &lntborf "ShoBRe B Wi ¢
each | ahelregeived ngsetsgmbids:mi t subsequent soft-deci sion detection of the
bits. The purpose of the delay elenents in the figure is to tinme-align the
Backup audi o information witb£hedhiirmhndy Enhancenent audio i nformation, -
si nce t hgssiainy IRgorERRGNEIRPRASynibaY, & petrRYadhek-uf hiciskivansp tter. 20 The
MJ and M. bl ocks of bits are accunulated in an entire nodem frame prior to
deinterleaving with the BU and BL bl ocksg of ”'ts. Bl ocks 208, 210, 212,
218, 236, 238, 240 and 242 in She fz‘gi,lé'e—bﬁ cate functions that nust be
processed on interhea,_\ﬁgrPr@l aky; Qgrpﬁdari es (as QRPoseg to nodem f r ane

boundari es) in ord€f topapnt0] £y del @Frl—s.ﬁgpcessf'ﬁ'g t he Backup or |DS
data. 13 Septenber 2006% %/'89435;??}5 / US03/ 12224 22 Since binary codes
arg used for CPTCM w th nonbinary nodul ation, it is beneficial to obtain

sohe sort of soft binary metrics fromnoisy Mary synbols. Suppose that
t he recewhessls;Hostamdsfgntholj-th symbol Fsihe canstdliztion thathadditumlned i theik-dr biat i on

lillt(s perpogi)(ig}l) ?a{nd s%l‘nqgrlglfgrasgox , Hgtj-rtlll (s:yn];b%li int tﬂee cch(ﬁs%eﬂat?olntthzltt%agl!)i}/sﬂueb(y in t%ne 1er -S

k-th bit) and
1 x°
X) =~ gXp| ———
O
10 - is the probability density function of the noise, assuming AWG noise. The above formula for

the soft bit metric applies for any consteilation. The main disadvantage of this approach is
that jt requires computations of exponentials. An approximate metric can be obtained by

approximating the sum of exponentials by the maximum exponential, so that

maX ;4 exp[— 2; S (ys - sjl,ky:|
TR g o SXP l:_ 2;_ 2 (yi . "‘jo'k )!:|

= -;1—2' B,i (Sl'kmin - Sn'kmin )" O.S(VI'kmina - So'kminz)]

Arsn

15
‘where irrelevant terms and constants are dropped and sl’kmin denotés the symbol closest to y;
that has 1 in the k-th bit position (and similarly for s o). Thus, by means of this
approximation (so called log-max approximation) the calculation of exponentials is avoided.
However, as a consequence of using this approximation a fraction of dB can be Jost in,

20  performance.
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where silk stands for the j-th synbol in the constelIaﬂ?éﬁppﬁ$Prﬁ@@5blt
value 1 in the k-th bit position (and simlarly for sO.k , the j-th synbol
in the ¢apslelskation that has bit value 0 in the Kk-tdfaidhdand 1 r 2 fa
(x) = 262 expl - 26z ] 10 is the probability density function of the noise,
assum ng AWG noi se. The above fornula for the soft bit netric applies for
any constellation. The main di sadvantage of this approach is that it
requi res conputations of exponentials. An approximte netric can be
obt ai ned by appr @oilsiéetrimg pdsdbbdmpuivemmp@n’émﬂ miekickipr thecimpuabsivenoise
exponent sp.that rr ] 1k In
sgBhagio® Bet b Byl ot b oty sV smple s tirfithg Rontary pl gt nun.
S' knun) _fofin Ykt Wmiter2orSineas €1zhpbr). (It isSdeshel ® donsiRicevabtt hetficthappefemest ant s
are drogged and sl1l'k n;a denoéNs the synbol ¢l osest to yj that has 1 in
the k-t hABBFOxupRiely tthe, samps, ipy AW |&Srpg¢v195§ly Sopsidernd metmes, ¥y that Wl Wgvet hi s
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exponentials i s avoided.” However, as a consequenc using this

appr oxi nte performangedn AW Nand dlimitrmeseic sageplesi when Zmpqurvf: omﬁfamcpeesermsl eSept enber

gg?f ne"‘ﬁr Opf%é@ t%? ke g&”ﬁ@é&%g@& 1520 ShAE Sal ROSALBAETHWRE Qugment s of
: goal consider the S-ASK constellation and nonlinearities shown in Figure 11. In Figure 11, |

Iine 290 represents the output soft metric for bit A, line 292 represents the output soft metric
10 for bit B, and Jine 294 represents the output soft metric for bit C. Figures 12 and 13 illustrate
nonlinearities for 4-ASK and QPSK, respectively. In Figure 12, line 296 represents the
output soft metric for bit A, and line 298 represents the output soft meiric for bit B. In
Figure 13, line 300 represents the output soft metric for bit A.
Based on the value of received noisy s1gnal we construct soft metrics by
- 15 . processmg the received samples through the different nonlinearities shown in Figures 11
through 13. The constructed soft bit values are further divided by the corresponding values
of average noise power estimated for the symbol. In summary, the soft metric can be

represented by:

F(y,)
3

i

soft _out, =

20 . where y represents the received noisy symbol, F(.) is the desired nonlinearity from Figures 11
', through 13, and G is the standard deviation of the noise. '
- This invention uses “Complementary Pattem—Mapped Convolutional Codes”
(CPCC). These codes have the property that the original code can be segmented into multiple
component codes, each of higher rate than the original code. The component codes are
25 | “designed to perform well under certain interference conditions or fading in the channel.
.Furthen‘nore, the code bits can be efficiently mapped onto bandwidth-efficient signals that
carry more than one bit per dimension (QAM, for example).
While this invention has been described in terms of its preferred embodiments,

it will be apparent to those skilled in the art that various changes can be made to the described




scenario. Let us-assune that the noisy synbol sanple i ass&% 26 gh a
nonlinearity of the form(soft limter or linear C|Ip%%§?me €] (gb5|red
to construct a soft nmetric that perforns approximtely the sanme in AWGN as
previ ouglo/seensd dered netrics, yet that will have 5 spglkgyzggoradation in
i mpul sive noise. That is, it has to have enough "softness"” to maximze the
performance in AWGN and to limt netric sanples when inpul sive noise is
present, i.e. to prevent the excessize nmetric growth when | arge noise
sanples are present. Toward that goal consider the 8-ASK constellation and
nonl i neasmtodesentsoitout depritipg fendthe stape B theriavehtion ad defime®@bY thedplavsiept s t he

out put sqgf.t nmetric for bit A line 292 represents the output soft netric 10
for bit B, and line 294 represents the output soft nmetric for bit C
Figures 12 and 13 illustrate nonlinearities for 4-ASK and QPSK,
respectively. In Figure 12, line 296 represents the output soft netric for
bit A and line 298 represents the output soft netric for bit B. In Figure
13, line 300 represents the output soft netric for bit A Based on the

val ue of received noisy signal we construct soft netrics by 15 processing
the received sanples through the different nonlinearities shown in Figures
11 through 13. The constructed soft bit values are further divided by the
correspondi ng val ues of average noi se power estinmated for the symbol. In
sunmmary, the soft netric can be represented by: F2) sof_outt = 6r 20
where y represents the received noisy synbol, F(.) is the desired
nonlinearity fromFigures 11 through 13, and a is the standard devi ation
of the noise. This invention uses "Conpl enentary Pattern-Mpped

Convol utional Codes" (CPCC). These codes have the property that the
original code can be segnented into nultiple conponent codes, each of
~higher rate than the original code. The conponent codes are 25 designed to
performwell under certain interference conditions or fading in the
channel. Furthernore, the code bits can be efficiently nmapped onto
bandw dt h-efficient signals that carry nore than one bit per dinension
(QAM for exanple). Wiile this invention has been described in terns of its
preferred enbodi nents, it will be apparent to those skilled in the art

t hat' various changes can be nade to the described 13 Septenber 2006 WO
03/.094359 PCT/ U503/ 12224 24 enbodi ments without departing fromthe scope
fo the invention as defined by the foll ow ng




clainms. 13 Septenber 2006 25 WHAT IS CLAIMED 1S: 1. A nethod, of
transnitting digital information characterized by the %&peember 280G war d
error correction encoding a plurality of bits of digital information using
5 conpl enentary pattern-mapped convol uti onal codes; nodulating a plurality
of carrier signals with the forward ergor corrected bits; and transmtting
the carrier signals. 2. A nethod according to claim1, wherein the step of
forward error correction encoding the bits conprises the steps of 10

def i ni ngwaAT I8 @LAIMED{S:code partitions; finding noncatastrophic partition
codes; and mappi ng, the noncatastrophi.c codes. t.o a. constellation. 3. A
met hod accordi ng '?]0 cl 4t megfoa\ﬂigfuéﬁgﬁmflﬁéh%tﬁi’ﬁg%’?m?&m% eﬂﬁe%abyp'ﬁjﬁls?l’? ty of
carrier gftgnals with the forward error corrected bits conprises the step
of : 15 i ndependent appl i tude shift keyi i.n- phase_ and adrature
Component s of t o ot BEHSORRIGR PR 7 B D 5 e O AOTE B 3
wher €3 N ¢dapldh@RirPpat@Phigped eonsBlufiénal ddwd;ng i n- phase and quadrature
conponents of the constellation uses G ay code napped constellation
poi nt's correspondi™® u%aan&ﬁpwmfymalﬁf%@alwﬁbtﬁe ogvafl grrorsgrractedditsedndod

according to cl ai afsmittiptthedanthapatd. eri zed by the steps of assessing the
val ue of code bits to be mapped to the constell ation points; and assigning

nore val uabl e bits>-to Mbdtetiadgireerdingnto glpimy 1; wherein dhensterof e 56Pht s. 6.

A net hode ReRnnedideQhEbidi cBingrisedRsRpdbft he partition codes conprise
punctured codes. 25 7. A nethod according to claim2, wherein the code

part1@i ons conpri Slefinipg 2 plyEdiEy Fhepde RIEIIONE on, a | ower nmin partition, an

upper backup partiﬁﬂdg@m@ﬁgs@oﬂhg%ﬁiﬁgﬁg&égan@arti tion, wherein the upper
main partition and the |ower main partition do not overlap, the upper

backup partition apappingéhenepeatasepbiagedesde 8iQAMsensgbladx overl ap, the upper
backup partition soverlansmbd a{cécgrgﬁgrﬁ% &1%%?%,%%&% e%(t%got‘%ﬂ&ﬁ[atiﬁ@b BruRdf 1 L1 on

and the lower main partition, an ) "'ower bac partition overl aps
second pdrcatrignsignats widh the foneard sperrcorradted itscoinprises thesp ofie | ower

15 independently amplitude shift keying in-phase and quadrature components of the
QAM constellation. : '
' 4. A method according to claim 3, wherein the step of amplitude shift

keying in-phase and quadrature components of the QAM constellation uses Gray code mapped
constellation points corresponding to a-plurality of amplitude levels. _

20 5. A method according to claim 4, further characterized by the steps of:

| assessing the value of code bits to be mapped to the constellation points; and

assigning more valuable bits to most significant bits in the constellation points.

6. A method according to claim 2, wherein the partition codes comprise
punctured codes.
25 7. A method according to claim 2, wherein the code partitions comprise an

upper main partition, a lower main partition, an upper backup partition, and a lower backup
partition, wherein the upper main partition and the lower main partition do not overlap, the upper
backup partition and the lower backup partitions do not overlap, the upper backup partition
oveﬂaps first portions of both the upper main partition and the lower main partition, and the

30 | lower backup partition overlaps second portions of both the upper main partition and the lower
main partition.

8. A method according to claim 1, further comprising the steps of:




main partition. 8. A method according to claim1, further H%rr Si n@ t he
steps of: 13 Septenber 2006 26 deleting predeterntned %ﬁFEe

plurality of bits to produce a nodified plurality of bits; aIIocatrng t he
nodified plurality of bits anong a plurality of partitions; mappi ng t he
nodified plurality of bits to a QAM cagstellation; 5 independently
anplitude shift keying in-phase and quadrature conponents of the QAM
constellation using Gray code mapped constellation points corresponding to
a plurality of angdtihy gedéteviied bita fs plundityt dfeity &l preduoé a endified plusalitp be
mapped to the constellation points; and assigning nore valuable bits to
nost  si gﬂﬂf tant bits in the constel | ati on points. 10 9. A nethod according
to claims, vvlher ei dllotdtiag fewicaificd Yphodlitpaf Bits binofiSa plaAITYof pasitieds; Upger Imsli n
partition, a lower nmain partjfion, an upper u rtition, and a | ower
backup partition, THREFE! ?fhhiﬁéﬂ‘ét@a‘?fﬁ?ﬁ‘%dﬁflﬁw&“ %ﬂﬁp‘tﬂhe | ower main
partigion do not Ou@pkmRntly drysinkiRRfitt mﬁglﬁppmé bd qtﬁﬂtaﬂti’djcdrﬁ}ﬁnér@é/@th@aCkUp
partiti oagp?o no over] ap, the upper éf’ partition overl ap

portions Gk LgtRg U§9B ayn%ﬂdﬁmaamdrcr’rl% aliprybains opERRRRIg a;;’itrtlr n, and
15 the | gwRiiddaslesp partition overlaps second portions of both the upper

main partition and the lower main partition. 10. A transmtter
characterized by: %ﬁa%%gtt‘%?am%‘rf\ﬁaﬁiecp‘@r‘??ﬁmﬂ@ﬁﬁl tcthe enmsteliationPAgisaandl ural ity

of bits of digitalasiffAdmbmivhRib1sBitd e nfo SinSTRMILRE ¥ (R@bduSEatiFh PERE,
convol utional codes; 20 neans for nodulating a plurality of carrier signals

wi t h1® he forward Skror A desthodcrcserdiigt ©: claimy Srodiceeis dhe p iof thafHiophe
carrier singpal r nfdird ﬁa@tﬁtﬁﬂ‘éfo%r ﬁﬁiﬁ%ﬁﬂuﬂﬂ, ah‘apﬁér%dmtﬂ{?m%lﬁﬁﬁd NMolwBe
conpl enment ary pat ern- d’ convol utional codes conprise: 25 a plurality

of noncakaskun %WFO@} Wb?fﬁlptt Q)‘Fppéb’@é@ paeibigr dnd B Jowgnmain pastiden da pggveriep, A
transm tien, ﬁé}%% g'}ﬂm tﬁn%:na'tﬁg tber W&T&Flﬁré}uﬁﬂé JRRASvERD, TR , B felg:Jp@E bR

pIuraIrtyo carri signals wth the error cor bits
conpr i sekartittpnapyerlaps first peftonsrod beth Iﬂgp upiver ihaiy partigdn dod thedgwergnain pastitiere andhd

quadf At UKE 10\6Q @Q%ﬁrﬁaﬁtﬁfa OH%pQAMoﬁ&) ?ﬁxttglﬁ 8 bRA the upper main partition and the

lower main partition.

10. A transmitter characterized by:

means for forward error cormrection encoding a plurality of bits of digital
information using complementary pattern-mapped convolutional codes; _ _
20 means for modulating a  plurality of carrier signals with the forward error
corrected bits; and
means for transmitting the carrier signals.
11. A transmitter according to.claim 10;swherein the complementary pattern-
mapped convoluttonal codes comprise: |
25 a plurality of noncatastrophic partition codes mapped to a QAM constellation.
12. A transmitter according to claim 10, wherein the means for modulating a
plurality of carrier signals with the forward error corrected bits comprises:
means for independently amplitude shift keying in-phase and quadrature
components of the QAM constellation.
30 | 13. A transmitter according to claim 12, wherein the means for independently
amplitude shift keying in-phase and quadrature components of the QAM constellation uses Gray
code mapped constellation points corresponding to a plurality of amplitude levels.

14. A transmitter according to claim 10, further comprising: -




30 13. Atransmitter according to claim 12, wherein th s for
i ndependent |y anplitude shift keying in-phase and quag§§?8{é@b@6%%ents of
the QAM constellation uses Gray code mapped constell ation points
corresponding to a plurality of anplitude levels. 14. A transmtter
according to claim 10, further conpriging: 13 Septenber 2006 27 neans for
del eting predetermned bits in the plurality of bits to produce a nodified
plurality of bits; means for allocating the nodified plurality of bits
anmong a plural ity manpfort deéting spredetomdingd rbisaris theo plusalifpiof dits rfo givediee and
guadr at { the nodified plurality of bits to a QAM
. constel Flél?lg %ﬁgﬂ%&f hod of receiving an information signal
characterized by tnwensfoegicatolg thewedifiedywjualitylofibid anbongafpluality ofpartitiogsial s
nodul at e dby a plurality of conplenentary 10 pattern-mapped convol uti onal
coded bits; denodulating the carrier signals to recover the conpl enentary
patt & n- mapped cmeamd fut inomﬁlhg inepiiase abd quadraamelcpndends ofthamodificppivralitygnal
based on tlbkkg e pattern mapped convol utional coded bits. 15 16.
A net hod™ate S A °[° Se ™ 15, wherein the step, of denodul ating the
carrier signals cdﬁprl sﬁeﬁaeﬂmhboﬁteeaving apanfsimiatjon kignal apdaetarizet diyythe steps
pattern- rPapped convol utional coded bits through a nonlinear limter. 17. A
receiver receiving an information signal characterized by: 20 neans for
r ece| ving a pl ur akdctiyingfa phaﬁltt"yefcm«glsghas nodulhted Byla pharadicypdficompletngntary

| ement a attern-nm cqnvol utional coded bits; neans for

Qui 215 % edcopyqhyo ﬂ 5% 0 recover the conpl ementary pattern-
mapped convol uti oaahodawﬁglﬂm taBrier BMpHalf A R0 TR Ithe) Ehipl Ehétard patidsh-Biappedi gnal

based on t ntary pattern- 25 mapped convol utional coded bits. 13
Sept enbP? ‘Q’g‘ﬁ@nggé‘fl‘ﬁ’ and

producing an output signal based on the complementary pattern-mapped
convolutional coded bits. | _
15 16. A method according to claim 15, wherein the step of demodulating the
carrier signals comprises the step of:
passing the complementary pattém-mapped convolutional coded bits through a
nonlinear limiter. _
17. A receiver for receiving an information signal characterized by:
20 means for receiving:a plurality of carrier signals modulated by a piura_lity of
| complementary pattern-mapped convolutional coded bits;
means for demodulating the carrier signals to recover the complementary pattern-
‘mapped convolutional coded bits; and | |
means for producing an output signal based on the complementary pattern-
25  mapped convolutional coded bits. |




18. A receiver according to claim17, wherein the rreanqstﬁgéteﬂ,l%rgp%%@ti ng
the carrier signals conprises: neans for passing the conplenentary
pattern-mapped convol utional coded bits through a nonlinear limter. 5

28

18. A receiver according to claim 17, wherein the means for demodulating
the carrier signals comprises: |

means for passing the complementary pattern-mapped convolutional coded bits
through a nonlinear limiter. |






