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erl eaving Scheme for an LDPC Coded 16APSK System
TEGHRI CAL FI ELD OF THE I NVENTI ON [ 0001] The present
invention relates to interleaving |ow density parity
check ("LDPC') encoded bits in 16APSK nodul ati on
syst AREIntdrieavini iSeheate fop\andE DR CodletHeb APSK System
determining nodul ati on synbols based on different bit
degr ees, one can efficiently find the desirable
rformance and error fl oor
TECH%ngﬁgﬁ% B pﬁELDPC cgggg in use. RELATED
[0001]APPLI mﬁm@t[lﬁm]on Télates todplerleavingdawrdsngityenaritycheple(“LDPC”)

ccodFE 5 BB Bl DAL SR bt

modulbfidres glnfb@Vsl U&Qsdﬁﬁlhﬁﬁ&eﬁﬂﬁt @dgrdeE}l?ﬁe CadefficieBRAREKthS\dssimble tradeoff
filed ####, and "A f 41?1% i2¥§§ for.video
betweer eyEI PSEPTHGCRBI) GTHO% Blh%w‘“dF CdRHEGRBUND OF
THE I NVENTION [0003] In "Bit-Reliability Mapping in
LDPC- Codes Mdul ation systens, " Yan Li and VWIIiam
REl$ﬂ&ﬁhAPPEEﬂ¥H§MﬁMn|catlons Letters, vol. 9,

.1,
o 20 B U0 A DR AT e

LDPC]O(C(S&Q I@BRSK sdtaht ﬁleﬂyh#wrp PAh mlgeﬁdalvmge&gherlnaﬁmuh LDPT5Coded
rmance i nmprovemen a.ng terl eavin e e

32APER Sarem, SIeC ot PO RO SECHBF SO0 WA BN PR spplicaons
ﬁhd#@%ﬁson for this inprovenent using an anal ysis tool

led EXIT charts. In the interleaving approach, one

i nterl eaving approach is considered and has been
per for mance over

BACI%@ Wr eawg\g\’@sy@nﬁ i.e., inthe bit-reliability
[0003F&D‘F‘Bzﬂ§el&1bﬂﬁﬁMdppﬂzg in EDPEbCedds DRGulntide systémss” YameLi and William

mpped to the | | eve atlo
Ryan, FERE Sommutebons kery 8o1mingeds o 200 e ERER dfed the
perfortiahde ofl IA9EALode@miGIuthtidh rs?d’texﬁé)\ﬂitﬁ 8PSK FEGh thostopased bit reliability
critical for comunications systens to ensure

mappingsiratb&ys abqus Ad fidBgyesferipancy ANBrONEPER! §V i Agp-interleaving scheme is

achleveﬁ%uu‘ﬁ?otré 8% ﬁlesteasgﬂ & 3hi fm aa%}ﬁ ‘uSing %ﬂa{l%/ms tool called
comuni ca |on channe s exhi I xed Capac

EXITtcharts. brathe hreerbeaping sppdadhy oneemtmlem‘mg appu'gacb@? congidirsd aa@ has been

Showrgg’r‘{fﬁ% §ﬁ§%§%{lfoqtn?a,#$ B&e%ﬁlér?—%%?ﬂe{aﬁ}{@%stéﬁm ¢4 opf’thg% t-r&?a%lhty
mappfng%si%me@rra%w IDEQO &5asRibita bieatappaditochel lcﬂ@r fiévebmydilation bits

devi se codi ng
and the more reliable bits are mapped to the higher level bits.

U

lED

[0004] Forward error control (FEC) coding is critical for communications systems to
ensure reliable transmission of data across noisy communication channels. Based on Shannon’s
theory, these communication channels exhibit fixed capacity that can be expressed in terms of
bits per symbol at certain signal to noise ratio (SNR), which is defined as the Shannon limit. One
of the most important research areas in communication and coding theory is to devise coding

schemes offering performance approaching the Shannon limit with reasonable complexity. It has
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shown that LDPC codes with belief propagation (BP)
decodi ng provi de performance close to the Shannon

been $Howint thati {DPC ecilet ith ®ekefppsiapgion(BPY devodingpravddgpeeforance close
[ 0005] LDPC codes were first described.b Gal l ager in

to et%nﬂ@é%lt% ciablg grcqding d decodingcompleXityc| ose to t he

han no ieRar t
oot T -5 e gg%m;ﬁ%gs RCcet o
w1

remankhldy Ielomtorth« Skénppn tnthax brimas (Md@ IPRGE W@Qde length N and

dlme%m ] flﬁgnegfwlalpgggy; gcko aaé%vec I—E ws%ﬂ%lw&héﬁsl i\/Iost entries

of the&ﬂﬂhiei areaerds bfd\ondy a kgl ﬁﬁhbd:r)thé-brftﬁfsr ®6 e sheacethe edatrix H is
sum . and each colum represents a va

aple, e.g., a .
sparsgback Fovs ghihe matrigid reprpsents § gheck g, AR !%aeﬁ s@u@aﬂﬂ%a%efﬂs a variable,
e.g., PBifor sgﬂﬂﬁ'oﬁrrhe DPC: coﬁé‘sedegﬁ{ﬂeﬁlbymﬂﬁ r afBbgl, I;_)antécheck

const wel ght rows and col uims. T 0006] Regul ar
matrix bidess constantavesght tawseard coluimmsegul ar LDPC codes, in
whi ch the weight of rows and colums vary. An
irregul ar LDPC code is specified by degree
[000&]“ st ri Regulanl DPOlcydus kbl bes exténded aoitregbsy LDROIcolestaf winieh the

weigly 8 R g P RSES: S AT B, Cales SRorHaSY by dgeres Gstibution
polyxbﬁllalélv(lx) ah]d c(ANFhRR dBRne thé ¥ariablddntichdck dodé degtb&diStriblifons,

vari abl es vimex and d cnmax are a maxi num vari abl e
respeetingly. ﬂ/@gﬁé}@cwdﬂhlﬁtheck node degree, respectively,
and Vj (Cj) represents the fraction of edges

ema | e '“"‘frognlvarl abl e (check) nodes of degree j.
v(x VX ,

j=1
and

dcmax .
c(x)= chx"l
J=l

where the variables d ymax and d cmax are a maximum variable node degree and a check node

degree, respectively, and V; (c j) represents the fraction of edges emanating from variable

(check) nodes of degree .

[0007] ‘While irregular LDPC codes can be more complicated to represent and/or
implement, it has been shoﬁvn, both theoretically and empirically, that irregular LDPC codes with
properly selected degree distributions outperform regular LDPC codes. FIG. 1 illustrates a parity
check matrix representation of an exemplary irregular LDPC code of codeword length six.

[0008] LDPC codes can also be represented by bipartite graphs, or Tanner graphs. In
Tanner graph, one set of nodes called variable nodes (or bit nodes) corresponds to the bits of the

codeword and the other set of nodes called constraints nodes ( or check nodes) corresponds the
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conplicated to represent and/or inplenent, p

been shown, both theoretically and enpiri ca|3q/@$2a(?06 /0 0 2 47 1
irregul ar LDPC codes with properly selected degree

di stributions outperformregular LDPC codes. FIG 1

illustrates a parity check matrix representation of

an exenplary irregular LDPC code of codeword | ength
set ofplanty dhe€lO&InstirddGrhioh defineethe BDEG obée.rBépmmemchﬂledynodes are

conneghid by saitr Arote i p SEro8 3PHEH PR beeigl PR adRGHE S they ar
connéc R IRRUES deRerallf ibisassuted tHa€a paid BENEIeS istotindcha BYtab fost one

set of nodes cal | €d constrai nts nodes (or check nodes)
edge.corresponds the 2 PCTIE0614CN Date of receipt: 09

[0009?‘(3“43@??{15%%8% é&gu}@e Sé‘?&lg%p%%ﬁta%%g g%&ggéﬁ%rﬁ%ﬁé e illustrated in

FIG. WitelLDIE tode representd@GyEd@el isBif codembed leapith 6cdnd dias mpaiety checks.

nected by e hi t node a check n
As shpindn Pl 1o st HE AU 5P s e FaHDY ek Hegirsestniaton of the

LDPE e&fée%&gfope/mame PAi8Rr bRpAk i ationtshbwn ASBIER 6 bl AbdeR 201 are
pair of nodes is connected by at nbst one edge

conngcG@OO chedk nogles P02 jest 9 9&8@82% bi partite graph

B T e

iterative desudingy. Dasgd the @tr@dtﬂkehaﬁthdlr paxityy bheokhmtk&as LIPBC shdnmre majority-

i e S et e Bt BB s oy

good Ensffefrfahﬁaﬂd@ o cIRAE ShcHHsTHNLDPO B8R Wied ﬂeﬁﬁvawgh dofumn
bit nodes 201 are connected to 4 check

welglﬁs;uvetbelzp@twh@ké@v@é@es t08. Epdige sqonptty d SYsandpojgetive geometry

LDP(E;I gg&gf QVhIe{éaé/ ﬁéﬂa%de\é@&{ﬁ eth6ds favve E@deﬂzreh rrﬁﬁr%]51)t‘4?‘.4ni:1ons due to their
decodi’' ng and |terat|ve ecodi ng. Due

bettexsperﬁouharrce yershs ¢cdmplexifyaradeoffsc Hatike matont)ebg]c deDiting; aidrative

bR oS58 SR o oA B EF S o

base&ﬁ%n@thﬁﬁ’t@ tHUE R BRGRdd. O ﬂﬂ%adteﬂﬁwn,sthe iterativé @dcolddpRiEes the
codes with relatively hi g@ colum weights in their

chanfighpRtpyt asfienst avdgeneraigs eliabylity opiput forsagh %yg@ﬁhtswseﬂw@y, the
oS4 S5 PSQTELLs g, SE Bl 9882 o e
as inaits fonthieorst ithyatidno Thédscoding etqcess cpeimms natilgecertainstepping condition

s satS Y 2P0 el doR R S B S LT ot D JRE P

decodedGyiBole Eloyh the ldshideratic. lAbébrdﬁg It(ﬁbieldnﬂfe;emfprmﬂibs f rdbiability
based oon constraints th %ﬁdfemf he c

measyres gqed,a{ trgegﬂglon{ ijegatjve gpa efgrt{n?{élmged into hard
decisfoR24Yted ecRinRil b §nd Mﬂ‘sﬁon a‘l&%kglt%@ eﬂ“tf'étceﬁeip%hdhﬁg pbpullyt algorithms are

out put for each sy uent |
iterative b1t—fl1pp1ng (BF), bellef propagatlon (BP), and welghted b1t-ﬂ1pp1ng (WBF) decoding,

respectively. The BP algorithm has been proven to provide maximum likelihood decoding given
the underlying Tanner graph is acyclic. Therefore, it realistically becomes the most popular
decoding method. The invention described below, however, only discusses BP decoding of
LDPC codes.
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the end of each decoding iteration are used uts
for the next iteration. The decodi ng procesECﬁ?ﬁN 8063/0 0 2 4 21
until a certain stopping condition is satisfied. Then

final decisions are made, based on the out put

reliability nmeasures of the decoded synbols fromthe

| ast iteration. According to the different properties

[001gf r el iBiojot LDPC dbdasidadindisetbssige passthg deesdihgd. Messages transmitted
iterative decoding algorithms can be further divided

h
stond B hF e S S0 308 Rl o) IR RMBEL ol
iteratlve bit-flipping (BF), belief propagation (BP),
nodeswniresgringingaa cédewoid bitg fmtis quﬁéiold @G @il g, denote the probability that
respectively. The BP al gorithm has been proven to

the amm/ﬁe@l bit take? vialne 0 preblirespselivgbic BRidsepding/eas twe isteps, horizontal step

and vrexggﬁ.rsg%a ggﬁhggﬁ&ggr 6&?{89 ,(cﬁxgﬁ' ctﬁe%¥ ﬁ%%e Ca ggn%r gc];é?acg .acrlgaEent bit b, a
checﬂ%—ﬁ?ﬁessl&e\ﬁhlg s S 10%!&&16034@5& Sefh @ﬁ{ooaﬁeclbﬂl\é@s\ég s'in é%ig to the

di scusses I ng of LDPC codes EO0614
checlDat, eexoépt thecaiefftam B8 A Cindbever2daD ey, GacH bit A0d¥6), sends to each
PCT/ CN2006/ 002421 TCT/CN 2006 1 0 0 2 421 [0011] BP
adjackutrchedbROde @y exsbii-to-chekk méssege whish spalquistei bagediecaltichegk-to-bit
Messages transmitted along the ed(%es of the graph are

messiges incotong th dtleacbit ﬁxﬁepuhﬂpnq fem sheckswde icat Ebespitwe steps are

vari able A nodes c rrespondlngto co d bjts, In
repeaqq; witipg Balidscodpiorggs §we} thy &prpsTauR ﬁl@mg%frfé@ra}taowstrmed
[ooﬁéhe asgehat %gltpfetma}@ﬁfespe}‘ﬁ-IHﬁlcQw@t!BqBIidecB%Qel%gMﬁl IDPC codes

P decoding has two steps, horizontal step
are ameng the hbst Serapany|appli¢ations Mariows inegwWardpDPE aerlﬁs(hh&heen @erepted or

. C . h - i
being onsidERRR Vhilo BRI AGETbn ldralle sartiar RN 2} BVE-Spipas,
vmelmesmaleEB @02l fwy ahd [ERE 802 h@[;lﬁ[Si,thﬂe:eqmmdbﬁmg appdyihg oregular
n, the verti cal ste% each bjt

b" d
LDP godes i vide g raF s SR THRIE OB EBPRIET b ROV Rl SR oo
[0013phi Ch iThe @ﬁbﬁﬂé&tﬁﬁoﬁﬂeﬁﬁg re%lbn&if lan ¢ IDPTKddcOddRichn be described by the

nessages incomng to the bit , except the gne from
error pprdesranestires of the sypieas d'he RPE d@ﬁ@dea systen gipicaily gxhibids sharp

decrelgie e J{rgroﬁrg | S Qs e@lﬁﬂ@%&%ﬁfxﬂg X 1%[’%939 e res‘ﬁitmg error

era eac ause
performarge kadybearp eodventiondly callddhw el ang, the corfagpdmimg region is

DPC des e arm he be lic
called AR FEgn. B Forfe PO MREHED e SR P stk B alisr it input
signabPgidligy 6readedrRERasck OThe\adul Sﬂa@ et oaharee cﬂﬁé iséalle@@for floor.
st andar ds, such as DVB- S2/ wireline ADSL, | EEE

FIG. 8 dljustratenan exseplari EE Bcpzrfszenmf PwYe copipinmg i fallaegiag 301 and error
floor ?&%ry 303Df'ah 'ir?@g';& #T.DPC code.

SUMMARY OF THE INVENTION

[0014] The present invention discloses an interleaving approach in which for LDPC
codes bits with any level of reliability, a portion of lower level modulation bits and a portion of

higher level modulation bits are mapped. Given a specific structure of an LDPC code and the
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encounter a trouble called error floor

error floor performance region of an Lwcwﬁggnlo 02 421
be descri bed by the error perfornmance curve of the

system The LDPC decoder systemtypically exhibits

sharp decrease in error probability as the quality of

the input signal inproves. The resulting error
moduetioh @ietlod; theoptimebpatien Gﬂnwemﬁddmgiet levelahddudatioatbits tad be -

curve an the cor ion i cal |l ed
deterigiped thrgpgh 3 'E‘ﬁ?r(ﬁﬁcali A °§g\‘i% %’89 ﬁ?n‘“tﬁ 8@9% t he decrease
[0019f €rr oh JRE eRB&itehof Whd fvértM! thel‘é|1Q£1&1|g1t§ltb%¥ﬂrﬁ1)ﬁ1cat10ns system to
increase decreases. The resulting fl at errar

interpiefo A SR vt st with BECropdiy compRFing  gansmitcr to
om0 51500 BRI A R LBETIGE e i v
a meds&gy sourcs (ﬁigamkra&m set bﬁ@;sd:rane bitbRBichddea ccﬁumﬂmg:ﬁgﬁﬁﬂ-lﬁlavefonn

i p IGRT L SOR A THE B hent LoDt a0, SEh0°CheaR i

isa n%kbns@&)ﬁv'e %\é?bm@fthd't gbheadibd tht Yest thriBbldi FFRoRés ﬁbﬁﬂiﬁg LDPC codes
| evel nodul ation bits and a portion of higher I|evel

predipted by denssyiexletionar e mapped. G ven a specific structure

[oomjfe an p{i%pr&c%&q@ ﬁ%c%%&éc@%&@@%é%&e%&ﬁb%oms and Tanner graph

constRCTIoAINBARAA PO 2421 irPEE pedserR @MEntiodhd¥e Zodd thtesholduitdath mduce
nethod, %EF opt i porglon of | ower and hi gher | evel
transpSHOR RPWEHOR? BYeR ERRPETIORRANEP i ned t hr ough a

[0017]heor etTHe FhresHolDsf dnlIIDRE LdRAs defifel by the\eRlallbdt SNR YAIEld]which as
I'n one enbodi nent of the invention, there is a digital

the C«zdﬂw@tﬂﬂeeah it tosipEinidynthepbit FrRATEIPRahLY gATcRS m%dee@ﬂileﬂéwmaﬂ

[001 llﬁéétﬁ)tng HNM &Hex%ﬁcqegﬂ en&qmpﬁle #rBGofs and error floor of
nsn1t to generate signal waveforns across a

LDPG ondnsnTlnmd:fomnt is ldasired|to tlevelopramethod to, detdrminer they syapping scheme in

onR e SR SE S b PSS Sl g

criter@) LDPC encoder to generate signal s from al phabet to a
si gnal mapper, mherein interleaving is a
non- consecutive nma _that generates the best

BRIEFPESERIFTION QBT $.DPC codes predicted by
density evolution. [0016] Using carefully selected

[00153:1 :([::) E alg'lg Rgelis%ntn O‘Qeglﬁgr? @ ﬁgst% Saéryl vpag‘tof %@&n@ﬁ dan-&%lapgway of

limitationgintthefigures/ef tb@adre‘sbmmbrkgﬂrdwmgs ard 1h®dudehke reference numerals
transm ssi on power f. a given FER performance. [0017]
refer yamylay ementy mému"t C code is defined as the

po2@Me! | estIGSNR akiteciRbk WhtrBdrep@sentation of an exemplary irregular LDPC

code of codeword length six.

[0021] FIG. 2 illustrates a bipartite graph representation of the irregular LDPC code
illustrated in FIG. 1.
[0022] FIG. 3 illustrates an exemplary FER performance curve including waterfall and

error floor region of an irregular LDPC code.
[0023] FIG. 4 is an exemplary communications system which employs LDPC codes and
interleavor/deinterleavor, according to an embodiment of the present invention.
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probability can be made arbitrarily small. [0018]
Different applications have different req® 0
the thresholds and error floor of LDPC c?@mﬁé /0 02 421
Therefore it is desired to develop a nethod to
determ ne the mappi ng schene in 16APSK systens to
provi de required threshold while keeping error floor
[0024] ower FIGan iBptreics hmexemplatrg trapsmiBed ik FI@ESCRI PTI ON OF

10025] st itk BT ag eI Ra O by ey of

[0026& iR { AlifuSiated e bi ﬁlaB%Q%'Bﬁﬁkﬁf %GAPS‘I@Hoﬁu?lQQ&ﬂ' ng

drawi ngs and i n whi ke reference nunerals refer
[0027) BIGI Srillustkat& thEBiD hpping forl GAPSK: syhfd0R0] FIG 1 is a

parity check matrix representation of an exenplary

irregul ar LDPC code of codeword length six. [0021]

j ' i graph representation of

DETAILED ﬁ?éék@b@tﬁTWﬁ@m ed in FIG 1. [0022]
[0028F Refersing {ol thSddcainpanyaip deaveiiis, ardetailedRd@efiptunillde givsnT encoded

i ncl udi g vvaterfall nd error roor regi on of an
bit mqppmgmtﬁ Pds usipg LOS §ecodppinsiprogp foyexecutigy this gpgirodyagcording to
embo&g{gmgryf%glhpaﬁmﬁyst em whi ch enpl oys LDPC codes and

i nterl eavor/dei nterl eavor, according to an enbodi nent

of the present invention. 5 PCTIE0614CN Date of
[0029} adboygh the preSent d;tyenticzo'e €egcbibed @itk 6Bpgct to LDPC codes, it is recognized

006/ 002421 2.4 .21 002
that o e Roapfloha b Rl S o desCFifed e APRpteh opm be
implem@@d vithlvacodedisydteind. r at es an exenpl ary receiver in
FIG 4. [0026] FIG 7 illustrates the bit mapping

bl ock in 16APSK nodul ation. [0027] FIG 8 illustrates
[00301 HIG 14 i adiggpanmef 4 epmmeyieatiens gysiss) emplppng\LDBO codes with an
1 ) f &
e SESCE Tl MLl ] K5 e
includgs & ganspfittenvdld ddudch gentrates signalgvavefomnsl scrussi angpnirbBcatiod ebannel
B N TR LN -
possibje meglgesl Bachrof iklese mﬁssdm(bbtrbspdn&ﬂ 4 $igriab 8/ARTbmt. Thle D¥veforms enter

. cod IS reco
the channe?202 and are corrupte %Q)y noise. LDPC codes are employed to reduce the

disturbances introduced by the channel 402. Given an LDPC code and the desired error floor
level, an interleaver and a deinterleaver are used in the transmitter 401 and the receiver 403,

respectively, based on an interleaving rule to produce a good threshold.

[0031] FIG. 5 depicts an exemplary transmitter in the communications system of FIG. 4 which
employs LDPC codes and interleaver. The LDPC encoder 502 encodes information bits from
source 501 into LDPC codewords. The mapping from each information block to each LDPC
codeword is specified by the parity check matrix (or equivalently the generator matrix) of the
LDPC code. The LDPC codeword is interleaved and modulated to signal waveforms by the
interleaver/modulator 503. These signal waveforms are sent to a transmit antenna 504 and

propagated to a receiver shown in FIG. 6.
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ot her codes. Further, this approach can be PCT/CN 2006 /0 02421
i mpl enmented with uncoded systens. [0030] FIG 4 is a

di agram of a communi cati ons system enpl oyi ng LDPC

codes with an interleaver, according to an enbodi nent

of the present invention. A communications system

includes a transmtter 401 whi ch generates signal

wavef ornms across a communi cati on channel 402 to a

iver ,403. The transm t.t 401. ] ncl udes ssage
00324 356 & it prrolas PE P e FLG, i s topg L D Eeedtg »
deintdiRaVer ighd) SR fORES &6 & eived bR &R iR &iteialconan®istButed to
e waveforns enter the channel 402 and are corrupted

demogglaﬁ@dﬂgieteﬂemctﬁ% cagnabyavedormis ayredrmadulaged hyedemedulator and
s AR T B GRE AAE  E Rivey
decodentherteined masagenamiciutiut edtmzations off the traxsthitted ¢ddeword. The

. transmtter 401, and t.he ei,yer, 403 e ti ly.
deintqgleB R Bi1e SpIoNeLRY e 0P Roduipud el i en 602 SBOGH gl With the
interléaiRSHIR ethpl b8 B thdihferledvetlRBiflhtor 803. heNE kay, the deinterleaving

transmtter in the conmuni cations systemof FIG 4

schemgshenld fellew ay anti-peokhe iderleaving sehemiceaver . The LDPC
encoder 502 encodes infornmation bits from source 501

: : r on
00534 0g-FIDECSIORAT cATSR AU LD B304 R
interl¢xingtay tidwmkcomedcutixe heppigparrangéraet whi¢hhgengratedhabast threshold of
mat r i f e .LDPC code.. The LDPC codeword is
the °qwm’§%§3&§§ﬁadmaﬁﬁs$gﬂdww Yio%avef or ms by t he
i nterl eaver/ nodul ator 503. These signal waveforns are :
[0034F Adishb®n th FIRNS el éﬁéﬁmoé%béﬂﬁ%pg@ﬂfo&é%w&s ¥ Bits (bas, bais1,
receiver shown in FIG 6. 6 ~PCTlI EO614CN Dat e of
baina, bapc)etaph timgandmaph empippandyelugend @ @hyalue, with =0, 1, 2, .... The
N2 O PCT/CN 2006 / 0 0 2 4 F~ 1 [0032]
mapp%%&@g%%% 8éxen‘pl ary receiver in FIG 4 which
enpl oys LDPC codes and a deinterleaver. Signal
[0035) vy E6APSK, 181 @ r2Cel Vel by theAdbitsderintiniy thei-thiuymbel) Tor
and distributed to denodul ator/deinterl eavor 602.
ie{iflgha W,,pr@# Handi med4 < eiikpetifyce DY, A éndefine alteomunstred of bit
dei nterl eaved by deinterl eavor and then distributed to
mappinglfOR@chl eodedrete. Hgensni [IIPC cateani vhd rpquithmentieflevel of error floor,

recei ved ssages_and o ut .esti.mati.ons of. the . .
there {35 il RRENER s Hathta afRbal b g Riigh datysis For the
LDPC&qdeo et rig 213) &, desysmyl 31 Rahd 6110tk iIntaMeaving e SRQVABSK is:
match with the interleaving rule enployed by the

(interl eave\rz;mnd | ator 503. That is to say, the
dei nt er| eaw;ng Yschemy shoul,d fol |l ow,;an anti-rul e of
the interleavin Sé[ Noies +, mod8 "32+[\/§5Jm°d32
bz‘+1 = b i i i
8x 034 +Noﬁse,+zmod8+120 x32+ - mod32 3)
< L d
bi+2 = b i i i
8x 1674 +N s +Zmod8+240 x32+ o mod 32
b3 =b, i i i
L —Z+32xNofﬁe,+11520 modN gy pirs — 2 mod 256+ zmodS X324+ 3 mod32

7
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[0033] G ven an LDP@atcodecgint] 09 QoK 2006d 00 %CT/CNZOWOONZI
schenme, we define the optimal interleavin 2006 / 00242]_
non- consecuti ve mappi ng arrangenent which generate the

best threshold of the correspondi ng LDPC code

predi cted by density evolution. [0034] As shown in

FIG 7, the 16APSK bit-to-synbol mapping circuit takes

four bits (b4i, b4;+i, b4l+2, b4;+3) each tinme and

maps theminto an | value and a Q value, with i=0, 1,

for i 84| 0<i< Nje . PEPRIdeholdagi(g.i s shown in FIG 8. [0035]
éI16APSKE‘Wét (b, b,+, ég+ b, +3) be the 4 bits

l003ﬂqﬁ1ﬁ %Frggof %qesﬁaﬂ i ﬂs%*a"?nozleé}n ?%e ;,Egﬁéqt yalgeﬁ\%f frderieayige in

16AEf i ne the nunber of bit mapping for each code rate.
G ven an LDPC code and the requirenent of |evel of
error floor, there is an optimal interleaving schene
obt ai ned t hrough densiRateevol uyion anal ysis. For the
LDPC codes wth rate |2/3, 3/4, %7 5, |5/'6, 13/15, and
9/ 10 the interl eaving 2/8l e foBOlGAPSK is: bt b 8x Z (
1 ) +Nof f Se+” nDd8) x32+ 5, Ed3253024—4 132) bi +1.b 8x
+Nof fset + nod8+120 X35t | mpf32 (3)| 11024) 4 ) 132 b
+2 b 8x +N +i nmpd8+240H§32+ |96Dd32 ( 11024 J of fset
4 ) 132 J r., bi+3l ﬁmu' thI +11520
modN dpe_bits- i mod ¥ T et (4) (4) 4
) 32J 7 PCTI E0614CN Da’ilﬂeSOf Ad&ei ptf 09 COctober 2006
(09.10. 2006) PCT/ CN200gA§0224235CT/ ON 2006 / 0 0 2 4
21 for i E{i 10:5 ik Nanr hute -1, and i nod4 = 01.
[ 0036] The nunbers of bit is sumrmarjzed in
Tabl e 1. OF f selableds (Heet yajes §°ﬁ't“€F'F’é’H‘5|“h’ng? ™ 16APSK.

Rate Nodset 2/3 80 3/4 88
[0037] Although the invention has been described by the way of examples of preferred

embodiments, it is to be understood that various other adaptations and modifications may be
made within the spirit and scope of the invention. Therefore, it is the object of the appended
claims to cover all such variations and modifications as come within the true spirit and scope of

the invention.
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4/5 96 5/6 104 13/Dase of yeeeipg 09 OgtoherG00PARI. 10.2006) BICTYEY2006/002421
values for interleaving in 16APSK. [0037] m%osd e
i nvention has been described by the way of I ng/o 0 24 21

preferred enbodinments, it is to be understood that
vari ous other adaptations and nodifications my be
made within the spirit and scope of the invention.
Therefore, it is the object of the appended clains to

We ctamer all such variations and nodifications as cone
within the true spirit and scope of the invention. 8
PCTI EO614CN Date of receipt: 09 October 2006

1. A(dftallEoraidatiohs frANR G/ RO ing RO Clicod €0Bity inQ 1 APSE
21, W claim_ 1. A digital comTunl cations transmtter

mOd‘}lﬁP@rSD’@‘a‘Vlbﬁi?dIPBPG“@ncoded bits in a 16APSK nodul ati on

syst eny based on a~xu|e bi =D (8x11024 J+NonSet +4
nod8JxP2+1321 nnd b1+ = b | 8x Nof f f
f +4nod +1201x32+L3JnDd +m e} @R n32*j§gl¢m?+l
nod8+240 x32+ |~nDd32 321

+32xNo fJet +115@O \ dpo a rmd256+ i

nod32 (4 ame,+5n6d8+120§g2#<— mod32
N dpc |ts-1 and 440 where Lx e floor
functipn which etu.L the largest int e%er that is

| ess than or equaf to£§{ N dpe b'tﬁlodsléﬂ?o 932+E;3’E,$ 32”

codewofrd I ength of th CBHE4I N use
is the f set, val ues for dlfferent code rates which

are defYmed i i
Z+32XN°1732’ +11520)m0dN,dp,_. bits (4)m0d256+(zmod8)x32+\‘§Jm0d32

for i€ {i]0<i<N,, ,,—1,andimod4 =0}, where |x] is the floor function which returns the
largest integer that is less than or equal to x, N, ,,, =15360 is the codeword length of the

LDPC code in use, and Ny, is the offset values for different code rates which are defined as:

Rate N e
2/3 80
3/4 88
4/5 96
5/6 104
13/15 112
9/10 120

2. A digital communications receiver employing an LDPC decoder for decoding interleaved

LDPC encoded bits in a 16 APSK modulation system based on a rule:

PCTIEO614CN



Rate Nof fse, 2/3 8(Patgyfgecgigt: 09 Ostobxg 2005/(%9. 1HFH06) PETAIN2006/002421

112 9/10 120 2. A digital communications r

enpl oyi ng an LDPC decoder for decoding int e?legggggOOG /0 0 2 4 21
LDPC encoded bits in a 16APSK nodul ati on system based

on a rule: 9 PCTIEO614CN Date of receipt: 09 October

2006 (09.10.2006) PCT/ CN2006/ 002421 PCT/CN 2006 / 0 O

2421 bi =b+ no d8 x32+ nmbd32 (8x[__!__j+NOfiC

1024 4 ) [321 bl+1l = b( 8x11024) +No,, Te, +-

nod8+120) x32+132) nod32 r., | bi+2 b 8x 1 +Nop- Sep+l
nod8+240 x32+ i npd32 (1024) 4 ) 132) bi+3 b i
+B2xNof et +11 20 dNt dpcbirs - i m)d256+ nod8 x32+

d32 (4) 132) for } i N dpc_bits
-, and i rmd4 = EB}L W@memeodB 32&( todd? function
i ch retukns the ‘iege at |s | ess than

or equal tb c blts = 15360 i odevvord
llengt h of t Hi ,,},sg)+ ﬁa&18+m0§k od3s t he
fset val ues foE %‘Pf‘ nt fode rafes ch are

ef i ned asb2 (bNofset 2/3 80 3/4 88 4/5 96
i+

8x 1_1024_|+N0 ver T mod8+240)x32+|-§:2-Jm0d32

o

~

b

\

=b,.

i+3 i
(z+32xNoﬁ-,e, +1 1520) mod Nyype piss ( 4)mod256+( y mod8)x32+[ 32Jmod32

for ie{i|0<i<N, —1,and imod4 = 0} , where | x| is the floor function which returns the

dpe _bits

largest integer that is less than or equal to X, N, ,, =15360 is the codeword length of the

LDPC code in use, and N, is the offset values for different code rates which are defined as:

Rate N et
2/3 80
3/4 88
4/5 96
5/6 104
13/15 112
9/10 120

3. A computer readable medium storing a computer program for performing a method specifying

an interleaving scheme of LDPC encoded bits in a 16 APSK modulation system base on a rule:

10
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5/6 104 13/15 112 Domelofreegipt: 89 OAO'LeoﬁWt(‘é’rwﬂW ﬁ'Z%NZOOGIOOMZI 4
medi um storing a conputer program for perform ng 2 1
met hod specifying an interleaving scheme of LDPC

encoded bits in a 16APSK nodul ati on system base on a

rule: 10 PCTIEO614CN Date of receipt: 09 Cctober

2006 (09.10.2006) PCT/ CN2006/ 002421 r~1r ~1y Guun 0 z

4 21 bi =b (8x[._!_ j+NOfSC +inmp d8 x32+ i npd32 1024

4 ) 1321 bl+1l b 8x 1 +Noffset + 1 npd8+120 x32+ 1

nod32 1024 4 ) 1321 b1+2 b 8x +Nof fset+ npd8+240

32+ nod32 (7 43 4 ) L32 =, bl+3 b
i+32xl\loffsetb-:1 nad Ing bi U dP56 3-32”00'8 X32+ |
mod32 (4 ) 4) j‘[ ﬂ’ts'r “m°é8 f J

Nidpc_bi t s~ Zn [ = 0} where LxJ is the fl oor
fluncti on v&’m:h_- rp the lar est |n egr that IS
Illess than or equ Nopdiefpree tl@o ¥ the
godewor d Length LDPC code i'n use and Nof f set
ils the offb;g} r different tes which
dre defined as: ﬁ&a{ ™, ee{—m62!/8324?§< /—4Eﬁiﬁ32 4/ 5 96
5/6 104 13/15 1312M1%t40 Ao 11 P

b =

L (Z+32xN0ﬁe,+11520)modN,dpc bits ( Jmod256+(4mod8)x32+[32Jmod32

for i € {i|0<i< Ny, y, —1,andimod4 =0} where |x] is the floor function which returns the
largest integer that is less than or equal to X, N, ,;; =15360 is the codeword length of the

LDPC code in use, and N, is the offset values for different code rates which are defined as:

Rate N i
2/3 80
3/4 88
4/5 96
5/6 104
13/15 112
9/10 120
11
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