TECHNI CAL FI ELD OF THE | NVENTI ON 100011 The present invention relates to
interleaving | ow density parity check ("LDPC') encoded bits in 16APSK
nodul ati on systens. In particular, by assigning the bits determ ning

nodul ati on synbol s based on different bit degrees, one can efficiently find
the desirable tradeoff between error performance and error floor provided
by the LDPC codes in use. RELATED APPLI CATI ONS [ 00021 This application

rel ates to the applications titled "An Interleaving Scheme for an LDPC
Coded ' N An Interleaving Scheme for an LDPC
Coded 32APSK yf?gﬁgajlfég?gggﬁﬁﬁgnd "A famly of LDPC codes for video

br oadca¥fdHg appllihearisemtstiventiph mjhtw##ntema@l{@wm@mﬁ pakiEy dhsRENTDEN”] 00031

In "Bit-Reliabili Yan Li and
W1 arfro R A RGO BREriocRughi Ao B Ag F T SRR 2005, ¢ ne

aut hor smsdtustloa@ymbas beedioardiaea bif debfBCofodack fividstlafindthe dystabREradkdth 8PSK
Wth the proposed hit reliability mapping strategy about 0.15 dB

per f or n¥FREEEN SO BYEHBRPCSARerTgr ﬂ%‘?fﬂ%‘t'@‘?dl tyabs hPPERdsmeiniuse. achi eved. The

aut hors al so explain the reason for this inprovenent using an anal ysis tool
called EXIT charts. In the interleaving approach, one interleaving approach
i s consROAEBDARPIHEATHRWR shown to of fer a better perfornance over

non- i nt Vi ng ste n.the bit i abi | it mappl schene | ess
ror Lo BOOARL 09 H0 e Ravigh xSintes kDt e Reofs Suled ha b SRR HaR R | oo
t he rmrBDP@I(Joa&i QPQKIS?SFU%/SWQH@H it e hinghRvih @ $elentdl foSan [ 0PO4FledEOr war d

error control FEC) ##ga@s critical for communi cations systenms to _ensure

rel i abl ¥AFKNSYHesE] ﬁd o %“%&T@%Ofr{@%@C%ﬁﬁﬁ!ﬁ”%hrwcﬁﬁﬂﬁElPl!scat“Bﬁsed on
Shannonggq #ldheory, these communi cation channels exhibit fixed capacity that
can be expressed in terns of bits per synbol at certain signal to noise
ratio (SNR), which is defined as the Shannon |imt. One of the nost

i nport 8 i i cation and coding theory is to devise
codi ngaﬁégkmﬂggf@f ?ﬂg ‘F%ch approaching the Shannon limt wth
r easonajobes|aarplRelityilin) Mapyisig :mﬂamﬂmmmhﬁbzz&m@emde&nvmtahd Malliagf

propagatl on E(EBP% decodi ng provide performnce cl os
Ryan, | ommumcatlons Letters, vol. 9, no. 1, January 2005, the authors studied the

performance of LDPC-coded modulation systems with 8PSK.. With the proposed bit reliability
mapping strategy, about 0.15 dB performance improvement over a non-interleaving scheme is
achieved. The authors also explain the reason for this improvement using an analysis tool called
EXIT charts. In the interleaving approach, one interleaving approach is considered and has been
shown to offer a better performance over non-interleaving systems, i.e., in the bit-reliability
mapping scheme less reliable LDPC codes bits are mapped to the lower level modulation bits
and the more reliable bits are mapped to the higher level bits.

[0004] Forward error contro! (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
been shown that LDPC codes with belief propagation (BP) decoding provide performance close

to the Shannon limit with tractable encoding and decoding complexity.
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to the Shannon |imt wth tractable encoding and decodi ng conpl exity.

va- 173684 [0005] LDPC codes were first described by Gallager in the 1960s.
LDPC codes perform renarkably close to the Shannon Iimt. A binary (N, K)
LDPC code, with a code length N and dinension K, is defined by a parity
check matrix H of (NK) rows and N colums. Mst entries of the matrix H
are zeros and only a small nunber the entries are ones, hence the matrix H
is sparse. Each row of the matrix H represents a check sum and each col um
represebes|a var ilaiHEcodes were, firgt dekdériba b§ Yrallgder inTihe 1DERCL DR JEseolded by
Gal | ager are regular, i the parity che mat ri x 'H has const ant - wei ght

.e., the heck .
rows angmagebinsiose e Shamen bimit ALpptry §¥JRLRBA code, asitharede langthi ¥ ardyul ar
LDPC ¢ i [ g e ‘,;,g”g;,lg i ar LDPC
code i gdjgérésé?ﬁ(’\ggugﬂ;hégggrae%ﬁ i st IGIIQ S{r?(\(l)l% Og(p)\glk?/ﬁdom a SN' g‘?gﬁ“"?%‘l’%%@% whi ch
def i ne aefliee marixdbhrs zarod andh ek asowd ndmbershe ditsty arbanésphence theaspast sel y. Mre
speci fi cal | et din VIX),=.1 Vix'" 1. 1=1 and do X c(x)=, 20 x. j=
where (et Rach BBt e mrHgenresials hordon i Rl ne s s R Wigb e andt
check ngglea bidegdyathol. T REMC Mrley desafibbd\y GADapdr ateREBISENES tHehRrify dheéld on of
edges emanating fromvariable (check) nodes of degree j. [0007] Wile
i rr egul BRtNKHPEScoptantvgehy obl OBWHISi cated to represent and/or i npl enent,
it has been shown, both theoretically and enpirically, that irregular LDPC
codes with properly selected degree distributions outperformregular LDPC
codes. [00&@] | il IRegtlanlBECaogerdan pe exthndskl torirtagular LBPCamde, at whichdfe an

exenpl a\'ﬁ’vgigl!ltrorf?(%rjsl £Hd cl(‘)BEn%s%(f)ndy? A%firrgé)u%ar%ﬁb !;éa e% ?pegllﬁ)éd by degree distribution

polynomials v(x} and ¢(x), which define the variable and check node degree distributions,

respectively. More specifically, let

dt’ max

v(x)= Zvjx’”1
j=1

and

dc‘max i
c(x)= chxf‘1
j=I

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 shown, 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 irreguiar 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
set of parity check constrains which define the LDPC code. Bit nodes and check nodes are

connected by edges. A bit node and a check node is said to be neighbors or adjacent if they are
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(0008] LDPC codes can al so 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
call ed constraints nodes (or check nodes) corresponds the set of parity
check constrains which define the LDPC code. Bit nodes and check nodes are
connected by edges. A bit node and a check node is said to be nei ghbors or
adj acent if they are va-173684 connected by an edge. Generally, it is
assunmed;ghh@ked®y Rl dig@Genedng, lrgagemeqﬁzﬁq by o%ocrée§§co%@cteoed9§t mdsPQRO1 FI G
2 illustrates a brpartrte gfaph representgtron of e 1rregul ar LDPC code
illustregged in FIG 1. The LDPC code represented by FIG 1 is of codeword
Iength r c total of
o oner SOOBIHIE S UhsPREL ) KoRREE Fon PRaPIBN ol Prirshds oPE LRy dh

Ther ef oFI6. |1nrlierlﬂ)ﬂtamsrwregeeemtedr@mlesBrstoattcbamwﬁdir tenpthi Garfdl Has 42arity dbedksnodes
201 are connec%ed to 4 check odes 202 by 9 edges 203. [00101 LDP codes
can be He¥OAEN FIOViafhesiare qdgtal of\ g s48 theegaghy cﬁgrclf Bgire r&%’@?ﬁ'd‘?%'@“&ﬁ

i teratiygpdesRd 'I‘H&efo'é}lﬁ tE@T&;ha%r %’aﬁl&l%rgs@;ﬁatﬁin shB&hin Pﬁi 2l ¥ bfBads ML Ces,
LDPC codes are majority- [ogic decodable. Majority-logi¢c decoding requires

t he Ieaemnﬁﬁwﬁbéxm@@<mmhsé@hbb%e@ﬁﬁé&%onably good error perfornance for
decodin lEﬁP s wi.-th rel ativel col ghts in
their p r| y ch@c esc rlrg)séeécg(?e .lé.v?r'%lscwayd’esgﬁh % 'Xa t%hb lﬁlglémdl pl‘dOj ective
geonet rlyeratmala&ozﬁxcge@)w tovihe seaurek of dkir pemdeﬁmh mkgncmr DDHS cbaaseard paprived nore
attentions due to their erfornance ver sus conp IBJcexrty tradeof fs.

bet
Unl i ke IR&iCSRFPIedgpiOrigElostsi Gfr@od"il& eAgirgsthe lepst compleyitpriykachicyss reponaliy ei ved
symbol sydo@GHbSpetRrdhartR fbrn&rc&‘ﬁﬁ% tshén éseflol' Eﬁpt'cbbl'es%lt}?é%vé rﬁti)%ﬁ colft@sed on

constralnts t hat specif In the first iteratio he iterative
decoderweighss it their P@ﬂﬁamh@k Imltlgftst(e gs Englpigan gmtlgérWQweismemlmebmw out put
for ea I ut reliahilift asures of .t he
decoded Rinbars PRSI < decaBf msohbihs FebAlimdh HuPBREF o Bl 10
for t hebenexperfok@sirikiverzus ddieplebeinacidoafp NGRS Mafupity- ldguﬁrecumhg liteatiger t ai n

st oppi condition |s satisfied. Then final decisions are based on

t he out%anlrePrOaﬁsrfr the, r%eas@rbé%b()& regigively & BRREAVE IRERI kT RY eﬁrﬂaﬁhe’m%t

I teratipRed AECMSRIRG tha spddfty e LBE AR the M ORRE At RS he itefaBilé B&IkbLMes the

channel output as input, and generates reliability output for each symbol. Subsequently, the

output reliability measures of the decoded symbols at the end of each decoding iteration are used
as inputs for the next iteration. The decoding process continues until a certain stopping condition
is satisfied. Then final decisions are made, based on the output reliability measures of the
decoded symbols from the last iteration. According to the different properties of reliability
measures used at each iteration, iterative decoding algorithms can be further divided into hard
decision, soft decision and hybrid decision algorithms. The corresponding popular algorithms are
iterative bit-flipping (BF), belief propagation (BP), and weighted bit-flipping (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.

[0011) BP for LDPC codes is a kind of message passing decoding. Messages transmitted
along the edges of the graph are log-likelihood ratio (LLR) log& associated with variable

P

va-173684



measures used at each iteration, iterative decoding algorithns can be
further divided into hard decision, soft decision and hybrid deci sion

al gorithnms. The correspondi ng popul ar algorithns are iterative bit-flipping
(BF), belief propagation (BP), and weighted bit-flipping (WF) decodi ng,
respectively. The BP al gorithm has been proven to provide maxi num | ikelihood
decodi ng given the underlying Tanner graph is acyclic. Therefore, it
realistically becones the nost popular decoding method. The invention

descr i blﬁﬂep@dnegbonm@%x@i “3;941 ¥1t5d SRS S RsSbn fnbecdgg A eﬂ&e ukggbgbqlﬁ’@%hat[ 00111

BP for LDPC codes | message’ passi sages

t r ansnitht adlociate® B tikoevAELE an®i, rteipectwegpBpareeod@@hdsltkzsIstebeqﬂnmﬁalete@LLR) | og
p0 associated with variable PA’ va-173684 nodes correspond to codeword

bits. |andtvaitisalestapr bsibi baripmtiad sgppgacki ehesk aodene, m@b&beachtasijapmbn f, e
associ ated bit takes value 0 and 1, respectively. BP decodi ng has two steps,
hor i zonghgrk @r'ébme%?ﬁep yeich rwicuyﬁ@&%ﬂm%bblhtswhfelﬁfnaﬁsag%seﬂcmaeH) ®heck node

cm sendg o LA ARAGRHorlbf 1: 1nhe FHEGK LR e@ Rﬁé&eﬁ oMl Bl cal cul at ed

based on a I”blt to- c nmessages |ncon1n cm except the one

from bi &dgj&%ent ch&:l&l’b%e verd 195%1 ckEEl‘é‘Hless% a%&f‘&l? aseegﬁ‘%‘bn adj acent

check node cma bit-t6&-check nessage |s ca ated on al

check- treesm%es TS RABShd KIEHTERNSG tttHeBﬁkefr@rhfch&:' n%&@%pt Th&8 tRH Stepd A Check node
cm . These two steps are repeaP until a valid codeword is found or the

maxi munepestddamtiod validedcatwonlsis fcﬁ;nﬂeaﬂiaen@hxmﬁlﬁ%&xbeﬁﬁdmen@fs redched.ermar kabl e
performance with BP decqdi ng, irregular LDPC codes are anmong the best for
many apiIM1¥at i onSecapseio G%rq"faf'%"’alﬂ Rerloppgiee pdgdyy %élnse‘é"ﬁg‘é{é%e%?‘—éﬂf’% bei ng

consid
e R i e L s A

consi debq1rragc0a§1pl¢ryd oy Vlarlolesgqsphamumq_anﬁmambﬁesgq gandagisosush ea VISR By st ens,

et o nERRERAET, EGF shf B GBS 3 T VBB e bRRRE TG Pl
per f or NEMRE codis t€vidéo bidadQytigyysterhbonk DREh BRonter a tystile taltedrroatlbor. exhi bits

shar p decrease in error probability as the %yallt of the input, si na
i mpr ov 00130 es]&‘IeteFrﬁb %q:rrp(gfformance region of an LDPC decoder can be descrlbed byt

error performance curve of the system. The LDPC decoder system typically exhibits sharp
decrease in error probability as the quality of the input signal improves. The resulting error
performance curves are conventionally called waterfall curve and the corresponding region is
called waterfall region. At some point, however, the decrease of error probability with input
signal quality increase decreases. The resulting flat error performance curve is called error floor.
FIG. 3 illustrates an exemplary FER performance curve containing waterfall region 301 and error

floor region 302 of an irregular LDPC 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
modulation method, the optimal portion of lower and higher level modulation bits can be
determined through a theoretical algorithm called density evolution.

[0015] In one embodiment of the invention, there is a digital communications system to

interleave bits in a 16ASPK modulation system with FEC code, comprising a transmitter to

va-173684



performance curves are conventionally called waterfall curve and the
corresponding region is called waterfall region. At sonme point, however,
the decrease of error probability with input signal quality increase
decreases. The resulting flat error performance curve is called error floor.
FIG 3 illustrates an exenplary FER performance curve containing waterfall
region 301 and error floor region 302 of an irregular LDPC code. SUMVARY OF
THE | NVENTI ON [ 0014] The present invention discloses an interleaving

appr Oacéénbtﬁtemnﬁmé\%ﬁbrhgp 905&9%@1‘11‘:&10“‘0‘1&1@11% d t%é’&l/er%e Efﬁhéﬂﬁﬁbtj Ha%ﬁ?

portion of lower level nodulation bits and a portion of higher |eve
nmodul atd oessagersourse &0 gangpséch seGoldiscrate dije wihichdas a comespording SIamal M@P@fom,de and

the | TR JREIRG, ablifPRLAIEI AAHLAR ] LONSEaBld LANCE L EYSL:

modul at10r bits € gorl{

densi tylsG\ﬂﬁh-ﬂbﬂs@dﬁhtwb@%ﬁﬁlgltlﬁm@&&rﬂmﬁdbmﬂtreshf)ldtheotraépﬁﬁcﬂlhg)ﬂDPCh@ﬂés is a
digital ‘f%&tﬁatl ons systemto interleave bits in a 16ASPK nodul ati on
syst em RIF{Ife eHeevYMIri sing a transmitter to va-173684 generate signal

wavef or 11 059 1A HAHRIRLP R1JRR HBANHRIDINRBAERELNRbuInk TRARA LI

having a nessage source to generate a set of discrete bits wh as a
cor r es peomstrystjors, ;jde,DwCav@e@nmhe Pmdltawenmdl%’n@Qd‘éﬂlrQSbolgeﬂeclateéU@ gnals from

al phabe, Ea{n%%{sgloﬁ:?g&g‘] fopggﬁ%ﬁgest ffﬁr esl nterl eaving 1S a non-consecutive

mappi ng erates ol d of correspondi ng LDPC codes
pr edi ctj@d1jy denSﬂhEyhresmlldJ(bﬂaanDIE(DGacﬁ]xs Uifinag ac diesallest SS edied whidhcds and

bit node degree. distributi o s. and Tanner h construyucti.ons, LDPC
codes | efwgewmdelsgﬁ@ t?fﬂ%w B8y Hbs At aaqfwr%q?gﬁgmﬂobevm?%wr?@a%émaﬁ

transm [%618] ipRWAT adéa%atﬁ)ng hé{weéhlﬁglgn%% 1%{&}&%1- thk Qﬂés%ld-mﬁd Eﬁ&eﬂﬂ?ﬂ Le of an
LDPC code i's defined as the snmall est SNR value at which as the codeword

| engt h klaRdgodes. Ther¢tpietit/is desieedidd develapoy mpthobtatdatigrmynedtheymgppinadehemeti trari | y

sl | JORKE] L L2010k G L ABR IR AL S od S BARRLG gL O Lhe

error ore It
devel opcracriet hod to determ ne the mapping schene in 16APSK systems to
provide required threshold while keeping error floor |ower than specific

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the corresponding drawings and in which like reference numerals
refer to similar elements and in which:

[0020] FIG. 1 is a parity check matrix representation 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.

[0024] FIG. 5 illustrates an exemplary transmitter in FIG. 4.

[0025] FIG. 6 illustrates an exemplary receiver in FIG. 4.

[0026} FIG. 7 illustrates the bit mapping block in 16 APSK modulation.
[0027] FIG. 8 illustrates the bit mapping for I6APSK symbol.

va-173684



criteria. BRI EF DESCRI PTI ON OF THE DRAW NGS 100191 The present invention is

illustrated by way of exanple, and not by way of Ilimtation, in the figures
of the corresponding drawings and in which |ike reference nunerals refer to
simlar elements and in which: [0020] FIG | is a parity check matrix

representation of an exenplary irregular LDPC code of codeword | ength six.
[00211 FIG 2 illustrates a bipartite graph representation of the irregul ar
LDPC code illustrated in FIG 1. [0022] FIG 3 illustrates an exenplary FER
performance curve including waterfall and error floor region of an

i rregul ar LDPC code. OOZS%EFI G 4 is an exenplary comruni cations system
whi ch eRBloiER HOMNRE THRINYENZIN/ dei nt er | eavor, according to an

enbodi HQS]q{ef&Jéﬁ%PJ @%%E%oa@%éﬁﬁ%’i%oﬂ%gjs t]?ﬂl e'c:II cr%tlo.ll LFh g"v%?o encoa(e%”p' ary

transm ter I'n an exenp receiver in
FI G 4.bif 06@6dg hktGods/using LIBPC abdxs ahd prolgrdm fmppedngn@thmheuhad icﬁ:ARﬁiI@

nmodul atl CBE‘?‘;Q ‘E%L FIG .8 illustrates the bit nmapping for 16APSK synbol .
va- 17368% PERIIBT| ON OF THE | NVENTI ON [0028] Referring to the
acconpanyi ng draw ngs, a detailed description will be given of encoded bit

mappi ngjoFd)REHu Rul l}{ig%eés%c;n%?ﬁ’i@ﬁ madbgcrn;reaw.mlf%ggtgt]%m%dgg%ﬁg %ecqgrca?éad

accordlng to nts of the I nvention e present
i nvent i that thebit bbeliigrpgrasch bar esypiiced woh bibeCewmies dsirther, thisappecohrakd t hat
the bit nbe utilized with other codes. Further, this

pro
approac'ﬁpi%enﬁe%qm nlchgﬁgfpﬁyg d"Wi th uncoded systens. [0030] FIG 4 is a
di agram of a commruni cati ons system enpl oyi ng LDPC codes with an

i nt er | e@Ys0], FIGCS & LdiRgtah@f aRo SR daliBidtsy@bm ehp1iRSIEDPC bt Mitkom. A

commin 1(1:1?‘3trllea(1)vne§ acszgosr;[h%én to an embodiment of the present invention. A communications system
includes a transmitter 401 which generates signal waveforms across a communication channel
402 to areceiver 403. The transmitter 401 includes a message source producing a discrete set of
possible messages. Each of these messages corresponds a signal waveform. The waveforms enter
the channel 402 and are corrupted by 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.

10031] 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.

[0032] FIG. 6 depicts an exemplary receiver in F1G. 4 which employs LDPC codes and a
deinterleaver. Signal waveforms are received by the receiving antenna 601 and distributed to
demodulator/deinterleavor 602. Signal waveforms are demodulated by demodulator and

deinterleaved by deinterleavor and then distributed to a LDPC decoder 603 which iteratively
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includes a transmtter 401 which generates signal waveforns across a

communi cati on channel 402 to a receiver 403. The transmtter 401 includes a
nmessage source producing a discrete set of possible nessages. Each of these
nmessages corresponds a signal waveform The waveforns enter the channel 402
and are corrupted by noise. LDPC codes are enployed to reduce the

di sturbances introduced by the channel 402. G ven an LDPC code and the
desired error floor |level, an interleaver and a deinterleaver are used in

t he tradhamets&wreéeﬁ)dedaﬁ@ks dgeeaﬁcembwt%mﬁﬂ&ns of B RRGhVel ¥odRas€dnen an
interleaving rule to ce a good threshold. [0031] FIG 5 depicts an

exenpl ter e&ﬁ@&ﬂﬂ‘?émpl%e‘i‘ hbth@&ﬁwaﬁvletaf/ﬂ@n@rlwﬂ@%%wulﬂn@tcmwmﬂzﬂn enpl oys
LOPC Coi?lﬁeﬁeﬁf‘x%)ﬂui@é?ﬁﬂl@fe\ﬁ%é the %‘eriegmnfdaﬁfmrsowlamﬁpqe%s tﬂerﬁeﬁ{tg&tamgl bi ts

from source into ewor ds. The mapping from'@ach in
bl ock t@h@a@ﬂouwﬁ@llm@dmmeDﬁthspmenlefawmgsuyemehe parity check matrix (or

equi valently the generator matrix) of the LDPC code. The LDPC codeword is

503, TR (b eBte e AR o o PR e AP RREPEOR an

pr 0pagaih%ﬂezl@ngaasrtﬁ@ﬁéﬂl&fns&ﬁﬂWIﬂaﬁpl D%J%ar@em[:&%ﬂlh FdneratSthe @Rd Ghrestal gxenpl ary
receiver in FIG 4 whi | oys LDPC codes and a  deinterleaver. Signal

wavef orthe ceraspensiing Iv]éaclﬁydft]Prédlﬁﬁééb/\ﬁﬁwgtyaﬁtﬂéhwa 601 and distributed to
denodul at or/ dei nterl eavor 602. Si gnal wavef ornms are denodul ated by

denodul i r v, internl . i I it dtoa
LDPC de@g%grﬁ%%gw\aﬁ? IE]L("eﬂl‘f glgét% ?‘\?iég E{%sfy%ygglgﬁﬁ) ﬂéxﬁ&g ugth?‘heq?%é’étls?é‘ﬂgﬁ*%sages
and outhui bgs) éammhwmd@ﬁapts ezt i"naﬂam Jalechnd ade valng .withve0, te, nt .efdeeavi ng rul e
enpl oyed by the denodul a%gé/del nterl eaver 602 should match with the

i nt er | SBIRARE IPEicdS gﬁ%&”d? 5y the interleaver/nodul ator 503. That is to say,
the deinterleaving schene should follow an anti-rule of the interleaving

scherme. 1oh 37 heRpURMCAN; LPPG COds 1tk dBRFRKeHRA a%ii.eﬁamm%r we define

t he opt i nt er eaving as"’ the non- consecuti ve ppi ng arrangenment which

gener at e g <hest. }h,remahﬂmem ~opayeqiEasRond ng dbARShCadRbarrdict ed by
density evol ution”-{00341 As shown in Fi the 16APSK bit -t o- synbol

MapPi Ngmedpistiot edchlcBde fRUIGIRER 8n LDAC cofdart the requirement of level of error floor,
there is an optimal interleaving scheme obtained through density evolution analysis. For the
LDPC codes with rate 2/3, %, 4/5, 5/6, 13/15, and 9/10 the interleaving rule for 16 APSK is:

i

[8 t1024 J+Noﬁe, +— 2 mod8]x32+\\ 12 J mod32

b, =b | . )

8x N e | mod8+120 ><32+“ i Jmod32
1024 4 32

b.,,=b

8x +N0met+ mod8+240 x32+ d Jmod32
1024 4 32

!

=5, .

i+3 ' ] l
f {-;I+32XNoﬁxe,- +1 1520]mod Niape _bite ‘[i)mod 256+[im0d8)x32+[éjmod 32

w

for ie(i[0<i< Ny, 4

—1,and imod4 = 0} .

[0036] The numbers of bit offset is summarized in Table 1: Offset values for interleaving in
16APSK.F
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b41+2, b41+3) each time and maps theminto an | value and a Q value, with

i=0, 1, 2, .... The mapping logic is shown in FIG 8. 100351 In 16APSK, | et
(b, b;" k+, b,t,) be the 4 bits determning the i-th synmbol, for i E{i | 0<
i'!5 NdPC b;,, -1, and i nod 4 = 0} . W specify a No,f,el to define the

nunber of bit mapping for each code rate. G ven an LDPC code and the

requi rement of |evel of error floor, there is an optinmal interleaving
schenme obtai ned through density evolution analysis. For the LDPC codes with
rate 2/3,'/4, 4/5, 5/6, 13/15, q@% 97 10 g he iﬁrerleavi ng rule for 16APSK is:
bi -_ bl 8x110241+Nof f 5el+4nndgl X33+ 3i 3 #65d32 bi +1

bl 8x~10241 +Nof f , e, +gnnd8+120x32H;3TTOA3Z(3) b, +2

bl 8xL10 24J+N'f el+4nmpd8+240x32+L-1lmpd32 __(-0d8) x32+l- nod32 ' 3i2 b i+3 b(4
+32xN fet+1 / 14/ \4 |11LLL520)HBdN, dP88h: ,, -| mod256+ m ( ) J 132 ~ for

i E(110i!-N,da bin-1, andi nod4=0)4/5 [ 003@§ The jnunbers of bit offset is
sumarized in Table 1. Ofset valyesfordinter|eaving in |6APSK T ab'e 1:

O fset values for interleaving ivyf’fél 6 Péoea 173684 Rate Noy e 2/3 80 3/4
88 4/5 96 5/6 104 13/15 112 | 9/1® 12Q1Zabl el 1: O fset val ues for
interleaving in 16APSK 9/10 120

Table 1: Offset values for interleaving in 16APSK.

[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.

We claim:

l. A digital communications transmitter interleaving LDPC encoded bits in a 16APSK

modulation system based on a rule:

-

8x +N%e,+ mod8 x32+[ Jmod32
1024 4 32
i+1 = b i i
8x +N0ﬂm+ mod8+120 x324| — lmod32
) 1024 4 32
bi+2 = b i i i
8x +N e +—mod 8+240 (x32+4 — |mod32
1024 4 32
b, =0,
L Z+32><Nq{ﬁ.e,+|1520 mod Ny i~ 1 mod 256+ 4mod8 32+ — 3 mod32
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[ 0037] Al though the invention has been described by the way of exanpl es of
preferred enbodinents, it is to be understood that various other
adaptations and nodi fications may be nade within the spirit and scope of
the invention. Therefore, it is the object of the appended clains to cover
all such variations and nodifications as cone within the true spirit and
scope of the invention. We claim 1. A digital conmunications transmtter
i nterleaving LDPC encoded bits in a 16APSK nodul ati on system based on a
rule: f7 =b ~8x~1024~+N,, gse, +4nod8~x32+~3i 2~npd32 i+1 b
b(8x~1024~+Nogi e, +~npbd8+120x32+13~21nod32 i+2 | 1 I b

b/ 8x11024) +Nof f Se, +gnod8+240) x32+L322Jnpd32 b +32xNa sel+115201

rodN. dp of%‘e i 8)<37@f?256 i 3[@%%%6%%* 0, Wﬁgl%ﬂxj%sﬁh@ﬁéorgqéct&ﬁi le'l?ngfTe WY the 5084

for e _b e - -
105 (BRSBTS AR ISl BRI o
Rate Not %9‘% i Shy Morgets WGt 5 B8t TR Bk g g Gofiasncd oo

Rate .
2/3 80
3/4 88
4/5 96
5/6 104
13/15 112
910 120

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:

b =b | | ,
8x +Noﬁm+ modS x32+[ Jm0d32
1024 4 32
b1+1 = b i
8x +Noﬁe,+ mod8+120 %324 — [mod32
4 1024 4 32
8x +N0ﬂse,+ mod8+240 x32+{ Jmod32
1024 4 32
bi+3 = b i
L {?4—+32><N0me,+11520)modNMpc_,,,-m [4)mod256+(4mod8]x32+{32Jmod32
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2. Adigital comunications receiver enploying an LDPC decoder for decodi ng
interleaved LDPC encoded bits in a 16APSK nodul ati on system based on a
rule: 17 b/8xl 1024) +Nop5el+- nnd8Jx32+[ 312Jnod32 b 8x +Nof f Se, +- nnd8+120
x32+ - nmod32 i+l fi7~ 1024 j 4 ) L 3321 bi+2 bl 8x1 -

| +Nop5e, +- nnd8+240) x32+l - I nmd32 024 2 bi+3 b~-+32xN, e, +11520) nodN, d~
bits-( -)nmod256+[ - nod8) x32+[ 3~2j nod32 va-173684 for i e {i | 0<- i<- N, dP,.
b,,, -1, and i nmbd4 = 01, where Lxi is the floor function which returns the

| ar gestfof nEegek Ahgt i s _liegg;i{dan a5 @/‘HH‘%'Lx%% the ﬂal})\.l)rqﬁﬁctgwwhl ﬁ%f&Qhé s the

codeword | ength of ’t”’hé”* LDPC code iR’ Use ., IS th set val ues

for dif e, def i ned. 3/4 88
4/5 96 ]fa%'éﬁr?ﬁltgé}?qﬁaél{s?ééﬁ%\m%p li% t?%bﬁrfﬁ‘*’” R c%gﬁgﬁﬁrdgg%‘g%dgm d?fdﬁ]‘g)st oring a

conput ef pPE @ARNEQ an® .| O BHRG e BlRO or RS LAY rat@WHilh &i’fe |d€ﬂ1¥édrh9 schene
of LDPC encoded bits in “4A“16APSK nodul ati on system base on rule: bi =b

8xil +N~fr",+-nod8 x32+ nod32 ( L10241 4 ) [ e 32) +1 Sx r +Naff5e, +-'

mod8+120 x32+ '- npd32 b ( 11 %;te [ﬁ;,r
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 16APSK modulation system base on a rule:

( b =b |
8x +N0ﬂm+ mods x32+| — |mod32
1024 4 32
m=b

8x J+Noﬁje,+ mod 8+120 x32+\\ Jm0d32
4 1024 32

SxL J+N,,W, +—mod 8+240 x32+\\ Jmod32

1024 4 32
b, =b, i i i
L E+32XNQ!IW’ +11520 modN,udpc_b,—”— Z mod 256+ ZmodS x32+ E mod 32
for ie{i|0<i< Ny, ,,—l,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

Idpc _ bits

LDPC code in use, and N, is the offset values for different code rates which are defined as:
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b =b r+2 | 8x11024~+N'fftel+nod8+240)x32+13i 2l nod32 +32xNO 5a+11520
nmodN, dP, b, n nod256+ -nod8 x32+ - nod32 bi+3 b4 ~4~ ~4 13~2~ for i e {i | 05
i<- NdPC. b,,,. -1, and i nod 4 = 0} where Lxj is the floor function which
returns the largest integer that is less than or equal to x, N,dp,,_b,,, =
15360 is the codeword | ength of the LDPC code in use, and Nofe, is the

of fset values for different code rates which are defined as: va-173684 Rate
Nfr, 2/3 80 3/488 4/5 96 5/6 104 13/15 112 9/10 120 va-173684

Rate N oo
2/3 80
3/4 88
415 96
5/6 104
13/15 112
9/10 120
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