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CHEME FOR AN LDPC CODED 32APSK SYSTEM Fl ELD
WHISTHE | NVENTI ON [ 0001] The invention relates to
digital communications and in particular to a bit
mappi ng scherme for an LDPC coded 32APSK System
RHTAVEAPPING: SCH]EMEEF(DRO(N!LUP(I C€ODNEDi3CAPSKISYSTEME S
to Application Seri al ., titled "A Bit Mpping
Schenme for an L enf filed on and
Application Seri ELB@?%{#%% I nterleaving
Schene for an LDPC Coded 32APSK Systent filed on _
[0#01#]## TheaCKHRORIBeOko difzital lcbivixhihlcalibrisGd 3] particlartd a bit

: FE ' d b t
mapping SYERE T A DHHEUPL 2APSEBVEeR anom ol on of daca

across noi sy comuni cati on channels. Based on
Shannon's theory, these conmunication channels
exhibit a fixed REBASEDAPHACAIIAONSe expressed in
terms of bits per synbol at a given Signal to Noise
Ratio (SNR), which is defined as the Shannon limt.
[0 of Thiseppleaten mlatesrtea@plimtmnrﬂerimlimmti i on_atided ™ Bitg

vrrins S04 EDHES B LS S99k U i S

No.____ tiBdd Al Riefi@aving ScefRIS M [OOPDICRYE] Y2APSR SPASMPARA on #itH:.
shown that LDPC codes using Belief Propagation (BP)

decodi ng provide perfornance cl ose to the Shannon

limt with tigag ﬂ% i ng conpl exity.
[0004] In a re?ent paper Yan Li ang? I i am Ryan,
"Bit-Reliability Mapping in LDPC Codes Modul ati on

te ions Letters
ar S o R i S SEpa T PR e PisH e ghs
ensure rcliaﬂ%ﬁﬁaneﬂfsdloﬁbd d;it&dlhc’gﬁs’s rﬁ)yTﬁtceﬂ‘Brluwidaﬁoﬁ Cififinel¥Y Bhseliloa Shannon s
aut hors' . pr.opqsed bit re|a |ty ping strate
theory, thé3g GERyIEBU R BRI DR AL FBOHRE CB0 B SXRTpcd  terms of
bits per s;ﬂ%i bt 8VLESYhd S R6136 RBtib §sra1@j1 Wai@ds aéfira a':s i ﬁﬁ&ﬁwﬁmt.
how that gray mapping is nore suitable for high
One of th%ﬁea@mhﬁ@n;llap@mummn@ﬁ@pdm ﬁmongmsdhem@vm@rodmg schemes

offring p ¥Rl PR it b ol Kl el wrsgblscompiy

It has beew ﬁhdvm:lbhtﬂlDP(Z Sodss using BeREfFaoaghtidd)(B¥) @6goding provide

performance c{o(s:el:\ltzoo 6/S19§)n%g§ ﬁmllt W1H)Ut|?actable encoémg and decoding complexity.

[0004] In a recent paper Yan Li and William Ryan, “Bit-Reliability Mapping in
LDPC-Codes Modulation systems”, IEEE Communications Letters, vol. 9, no. 1, January 2005,
the authors studied the performance of LDPC-coded modulation systems with 8PSK. With the
authors’ proposed bit reliability mapping strategy, about 0.15 dB performance improvement over
the non-interleaving scheme is achieved. Also the authors show that gray mapping is more

suitable for high order modulation than other mapping scheme such as natural mapping.
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enbodi nents of the present invention are él rect ed to a
bit mapping schenme in a 32APSK nodul ati on system The
techni ques of these enbodinents are particularly well
suited for use with LDPC codes. [0006] LDPC codes were
first described by Gallager in the 1960s. LDPC codes
performremarkably close to the Shannon limt. A
bi nary (N, K) BfOBE tRIARY OF FHEONVENTIONN N and
dimension K, is defined by a parity check matrix H of
(N-K) rows and N columns. Mist entries of the matrix

[06_652 ﬁ' ?‘E)ng%QDYS oF tl?e: ?Eém%%on%?@d@é&fd&'t@ﬁ bﬁrn@appmg

ence e matriXx I's sparse. Each row of
scheme mmeazmasm:mé\giamyssm Thk éechnigues ofdhese embhdizshisere partlcularly

ese iable, e.g., a bit or synbol. The
well S“Iteiﬁ_%gés%ggtbz‘[%&%ﬁeﬁed by Gallager are regular, i.e.,
[oadng pa{JDPa co@éhggégg iﬁedé ﬂegélnbtdmscmtagsﬁ iarthe mo% hLDP@\mdesd
and_col ums egqul ar an be ext
pertorm rergarkeiFIoFS €1 SHEOP Ao dUEY Nk PG ReeER I o feneth
N and dm{e%\ﬁng]‘#s FinbdBy a gﬁ‘iﬁj chR rhdthi € YU AN Kﬂ%@s%ﬁdﬁ ¢olumns. l\gost

specifred by degree “distribution polynomals v(x)
entries of(ﬂ(@(t)lamlwlﬂ oh zekof ambonlh e small hapber theentaereark onrsolacnge QWé@atnx

His Sparse, }%tgé{ﬁbg’ﬁ I%@aﬁ{e rep ésgrﬁ%)X cla%% ﬁlga&gds:éa%l E{ﬂ ’reﬁr ts a
variable, &/£.X3 bit of sy, The ]].DII!C(cMes desatibdd byrdallfex )1re=re@la<r, j.e. thd panty

{Wﬁi iﬁﬁﬁwhere the varlmacg s dvmax and dcmax are a

check matipd heshsopsiPrtpeightigys "gq?\é‘ﬁnsand a ) check node
[od@qf eeReélﬁmd? ¥6de¥ carfb¥lex¥ended fo™fol@ Rir tIDHMEvdes, in which
fraction of edges emanating from variable (check)

the welghnoﬂr@svsaﬁd d@lgmelev?ry Vi irregular LR mdeEMth@é degige be

distributidfD ep ?IHEIE)B%S %e§8 wﬁlaﬁﬁaﬁ%e s n@a?ﬁéfyanh '@H&E'ﬁ%ﬁé dég‘?&n

dlsmbuudﬂsemsmnmy | Moamnspecifingdly; theairbgulartURRC codee gualy de defbrd as
codes with properly sel ected degree distributions
outperform regular LDPC codes. FIG 1 illustrates a
parity check matrix representation of an exenplary
‘J(yxl)gg%& JUBPC code of codeword |ength six. 2

= ; (M

follows:

and
e max
c(x)= Zc jxj -
J=l , 2)

where the variables d"m‘”‘ and dcm‘“ are a maximum variable node degree and a
v;(c;)

variable (check) nodes of degree j. While irregular LDPC codes can be more complicated to

check node degree, respectively, and represents the fraction of edges emanating from
represent and/or implement than regular LDPC codes, 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
irregular LDPC code of codeword length six.
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(25.10.2006) PCT/ CN2006/ 002424 zZ [0008] LDPC codes
can al so be represented by bipartite graphs, or Tanner
graphs. In Tanner graph, one set of nodes called
vari abl e 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
[mg] of é;mrd &agegmmsmﬁph kreeeingeﬁ bytbigditie gfaphe drrranbmda@ﬁphs. In
code. Bit nodes and chec odes, are, connecte .
Tanner geagheane sghRf 1gdes; CPU?f’gﬁPélaB‘ﬁd‘an%(ﬁéW npdsgh CorresPeY S&°¥‘EF btg of the

codeword gﬁcgtlﬂp fisr &% oPLHARE Edlfedichndaftis nddes (&Qﬁé&ﬁfoﬁéﬁ? R¥rréPonds the
edge. nerally, It is assumed that a pair of nodes is

set of pagitymh@xktcedsﬁa@saﬁhim@ttﬁne@hﬁeuaﬁ@ godq. JBiong esp.@ check nodes are
comeo by A 3.5 UGS b AL SRS ERAADISR G o

are connédRbycmdge. 0@ enebaly(lit doabewnednthutes painisf nodgssis somaiectad by at most
majority-logic decoding and iterative decodi ng.

one edgeBecause of the structures of their parity check
[(mi)bL' ca3G. + BRsraedesipatite dg]ﬁﬁi Rptesdirtatii oF ticigRgidR EDPC code
Al't hough majority-1ogi c decoding requires the | east

illustratedamPl@Ai t y and achi eves reasonably good error

L T 0 SEAOSOTR et o S i

and iteratied ddcoding.( Bequse dithé stleamesyefaheit parity ERCKk matrices, LDPC codes are

. . Ppraqjecti gequret LDPC.codes) .. iterati ve,decoding.
majorit festh S0 N A B PP G T e St e s ekiy and
achievesR&dsb@iblyP&Ioli REEPP&G ori@hdeor E2Bling Xbrhy typtAGFITDPG codds lvtithe

maj ori t'y-1ogic decodlng, iterative decoding processes

relatively hﬂeh celamnvwiglyingbHE paTEY chesk Fratmoes (g nprdidean grometry LDPC
and proj éscgié/% ?%U;lllét{%/iﬁc 8‘%?){1 itgrﬁgpé)élecpéﬁﬁg %e@ﬂ)d@ Rt &@él&gdsm&g aktention

the code. first iteration, an jterative_
due to thelie bettke pedoimancersasusgouipkenity kradaoffsu Undike majogity-logirgdecoding,

. .. _generates reli.ability ou t_for . ]
terative QER R EEET Y Ve D SRR e Preufiy T TrBiR et lo coch
symbol BA8&DsHEsbnstyA1e kit secif the codel Bifa fratiterativngah itgratiteateadden only

are used as inputs for the qﬁxt iteration. TQ@
uses a chagpe) gHRY! ‘ﬁrlBE‘Esaé‘d EEBATRIH b H‘E‘?‘}tp‘g_f%r_t SpbERPLondi t i on

[ (ﬁli atl ﬁﬂs&ﬁnen@)f, R ot ¢dliabil APinesRifds D Be1eB6RAFHMBOls at the

ased on the output reliabillty neasures of the
end of eathclsclingsiyarisivingird wsshas inpuisfer the nextdteradion. Abe decgiding presess
. the. different .propert. r.al:,api | i .
conoae 1 SR BERPERLD, B A Yo BRARU S, Lo
the outp@taslidbalith wehdiess ofithe dbeddediymbbiifebntltheilast tiexatiof According to the
) deci si,on .and. hybrid decisjon. algqrithns.. The .

different gug BRSSO A RS AP R RO o e g s doooding
algorithrRé Sanfte! AR Ui D) intoidkd @dcishir) Bo¥8 addifon Adybridid@cision algorithms.

wei ghted bit-flipping (WBF) decoding respectlvelﬁ.
The corrsipodingpopillaagoritiiras aravieratiue bit-Sirning(BR) pebiebpiopegation (BP),

e T SR R 08 S o 03 e

to providiaasdinag likelihevdsdec@ding when the underlying Tanner graph is acyclic, they

have become the most popular decoding methods.
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PCTI EO617CN Dat e of Ratcafirgseipt: 25 0cobes 36 (Z5019g2006) PCT/ICIN2006/002424 _24
(25.10. 2009, PCT/ CN2006/ 002424 2 4 [0012] BP for LDPC

codes is a type of nessage passing decodi ng. Messages

|l oges transmitted along the edges of a graph are

| og-likelihood ratio (LLR) " associated with variable

nodes corresponding to codeword bits. In this

expression PO and Pi denote the probability that the

[0033PCi Brefbr DDPOwalietss B &perof snesbdgb passingllecoding. MMessages

respectively. BP decoding generally includes two
steps, a horizontal step and a vertical i&fep. In the

transmittbPiloE©He @l 0E B graphate loghikelkhdodasatidDLRYNdAS tssoeiatet with

adj acent bit b" a check-to-bit nmessage which is

variable f6de§ BoradsBsh Go@word bits Dintthis@xpleesidn Feas@dedenote the

incomng to the check cm except one from bjt

( b-. In _.
probabilityhatthe agsecinted bit yalue begomes efther adbonsnl, sesneddively- &P&l?codmg

sme BT

0 %%Eﬁﬁgﬁ%&c hlaveRica QK WMRESRARNAI §&, kich

e eck-to-bit messages i ncom ng

ct h it b2 . f .
B R e S R

ol bit-tojchepkImessages Caming
each bit padey " 564 te grshadinceneheek Roder ¥ eybit

or the maximum nunber of . iderations s r.each .
1o e e kape R BRI oG bR vegheel stp.
decogling, irregular LDPC codes are among the best .for
% -&rcmeeg@eé%a&v v
been accepted or being considered fon various

calculated brsndrvingadl cheek-tarhit messpgagdnoomingiierthe bit Sy @hcept osfgom check node

S2/ DAB, wireline ADSL, |EEE 802.1 In, and | EEE 802. 16.

Cn . Thes@BriotitepEhuee tepeatshaltiila ghlidioodeBRE! isdound; o thfshitimymeammtee of

SNR val ue at which, as the codeword |ength

. . snallﬁs
lterations $ABACHEYG infinity, the bit error probability can be

[0043¢ arBéchiiRrof ity réikdble pethemuadeueittoBP idbecditppirtgofar RDPC

LDPC code can be determ ned_by anal yii oql called
codes argjgAeng tie bes) Hr Ay APPIIBH 95} q’rﬂ{ioué b‘ﬁ%%‘lﬁ’( i@%&d@ﬁgﬁ haye been
acceptedeo\fﬁb%flﬁ?'ceﬁkim B $RideS comafbifaticiCind Lork@d dtAerds Ssuch as DVB-

results. To determne th

per f ormance of BF decodi ng,

e
S2/DABGwirchinpeAD8bys IEEERR dAn AndJEEE 803116ul at e t he out put BER

[{Hglgl] S:ghhei tialeersﬁ)tlé 8F%r?ﬁll)?cfcl6?g H d%@ingé a§t ﬁg singﬁ’éét Sﬁﬁ%ag.feyat which,

nirng o e eratron, and n i1terativ

as the codawerdl ledgddtehiﬂlseto Bgﬁ?n'@ﬂ; ﬂﬁ foui] erTm pfdbabi:lity @n beAmde arbitrarily small.
conti nuous a t,. the calcul.atjon is.. r ex
The valupiad tsrbm Rt L3P Fcidecah b Areering] Dpeipalapol cpe dotiity

evolutio

pel i ef nessages exchanged between bit and check nodes

need to be calculated fromone iteration to the next,

[894S5] t heThe/eoneeps of Grmsity eyoltinnrap alsp Beitgpedchask brGallagey s Epsults.

To dete

: ﬁ;‘?’eetﬂ% ?Frfcg&gﬁ&: S4HF &co&igg,@%%ﬁ%ﬁ%e@ﬁ)%gﬂfz Rgtf%%ilﬂgﬂw output

anad node processi ng; out gol ng beli message

BER fori eaclaitérationt dsanfundtiond tre inputBHR atftherbegimyegof the iteration, and then
iterative y%-glclgﬂl(tse]d7ﬂ%\lBER at a given iteration. For a continuous alphabet, the calculation is

more complex. The probability density functions (pdf’s) of the belief messages exchanged

between bit and check nodes need to be calculated from one iteration to the next, and the average

BER for each iteration can be derived based on these pdf’s. In both check node processing and

bit node processing, each outgoing belief message is a function of incoming belief messages.

PCTIEO0617CN



Date of receipt: 25Daetobisesipt2B@rt¢h252000 ( &i}g)%) PCT/CN2006/00242£; .4
PCT/ CN2006/ 002424 PL"i/UN GUub | U J a FopLlEUlpEUR

node of degree d,, each outgoing nessage U can be

expressed by a function of do -1 incom ng nessages, U

= Fc(V1,V2,...,VdC1) where Fc denotes the check node
processing function which is determ ned from BP

decodi ng. Siml arly, for bit node of degree dv , each

nesgage V can be express i on of
For a cheghnohe of e oo SAELQUGHLS MEPBh S ARG oten PEr THEbelot
d -1, Uch , V= FV (Uch, U, w2, ..., Udv-1) where Fv denotes
incopEngMEssAgRie pr oceSS| ng function. Al though for both
Fg nd bi e processing, the pdf of an outgoing
U= qté%a S Had pl rived based on the pdf's of incom ng
messages for 4 given decoding algorithm there may
exi S an ex onentially |arge nunber_ of GE)OSSI bl e
whese matlenatds thecherk neflernsacragies funvtien whish és %mmeémBBf
density evol ution seemns, i ntractabl e. For}unat ely, it
decoding hSanihkelynfgp bitwede dfegteat “f eachautgoingmenssgsaycarpbseiprrysed by a
al gorjthmand noisy channel, if sonme sy try
&O%dT ’cihéﬁiﬁingms@géd ailﬂitbdchahi‘ﬂﬂrbelidsfmeimge #ig BER i s
I ndependent of the transm tted sequence x. That is to
ryyassunptions, the decoding BER
V= Ee()Ucf”g&o tzr’aném é(?asequence x =1 is equal to that
of any randonmly chosen sequence, thus the derivation

whkre F8Rshdtds t8Y Bt HbAQ M o6R NP Aure QS | ARKGUEh YorHotpHetk 8kt bit node
The symetry conditions reQU|red by efficient density

processingy/ib pf W&O@?ﬁmﬁéﬁgeﬁm prjved bagsdionbeRdisy efiataming
messagesggrn 2 %vgn ﬁgc%ﬁ n@ﬂ%ﬁl int, ther t : R%hflan n ﬁérf?lgﬁ kg etrﬁl‘f'nber of

y evolu grap cyclic
possible foimgts of HddfmingAnessapds.nfhdrefoteths proass wirgensgm svoluthmn seems
intractabl:eng‘ %‘@?ﬂ%%yﬂl? I%ag ggrt é{gggri 1};} éﬁag g?r a\r)é{(lz%s(norﬁlgsr%g%ee a%glg% .alfgontihm and
noisy chanfi8l, F4bMe sJiEmBRE sadatone ak shisfiedpthen drrdebddingBBRIis ndegtndent

For many LDPC codes with practical |interests,
of the trap@pified PRINERGTS" - THHAEIO BP-ABH B6AVATRGY wmgonw@@ﬁe%wg

BER of aﬁ'rzeécggm X %osggggngea g%gseeﬁ&ﬁ io %aEBP%nH rgncghn j%%n &rqﬂme
thus the ddﬁid@mmmﬁﬁtyaea@mm carbeaasidaablysihplifiddt dhe syramétry h
decodi n% iteration with the stand d BP de gll(n%}?
conditionsgegursd by eHficient densitn eyqluonarg R ymmetry,
and bit né(ge{%?nénﬁ": fﬁﬁﬁﬁf‘c? assﬁﬂ?tlbrpﬁiﬁ Hﬁ:r&ﬁﬁ%ﬁ‘ev%ﬁﬂi@h‘id t‘ﬁ@t thé Tanner graph is

or an Increasing iteration nunber.
cyclic fré@CT| EO617CN Date of receipt: 25 October 2006 .

10. 2006 424 . . LU
(3 0p SRR TSR RRARG AT B n b b cn
nodes ar@ﬁlﬂ%ﬂéﬂt CandehisGhérdeiation for Ith@lﬁ effflemutgoirgPRessages can be

considerably simplified. For many LDPC codes with practical interests, the corresponding

function

Tanner graph contains cycles. When the minimum length of a cycle (or girth) in a Tanner graph

of an LDPC code is equal to 4%/, then the independence assumption does not hold after the !th
decoding iteration with the standard BP decoding. However, for a given iteration number, as the

code length increases, the independence condition is satisfied for an increasing iteration number.
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codes and t he "asynplaptdf eeceint23iPetobes 200¢ (?ﬁfm%ge@?%%r%% e
Vi

code length. [0017] A bit mappi ng schene
for low density parity check (LDPC) encoded bits in
32APSK nodul ati on systens. The discl osed bit mapping
schenme provides good threshold of LDPC codes.
Furthernore the bit mapping schene can facilitate
design of interleaving arrangenent in 32APSK
ThereforePitie dexisitg evalysdrepredicf3 Qi symhptopic @pﬁ&maacéabﬂ annampgahbslg of LDPC
m@p{ﬁ)r‘pach f qr,, LDPC. coded 32APSK s grrs. The discl osed
codes and;the TASWBPIAHC ORAF 45 PdBRiseHEs 9isP 8ot L DPC coded

SK' & bitrR4Pp#ipch I ARS8 pHitPERRR
A PR soRfiPls %‘E%&f."%‘%ﬁ’m o e
encoded[b@@ 032 AKX produletien systesst Tomdisddoserl bitgnapaingscgmapigvides good
d es
threshol §FREC:coB pierilec Y biE naphih Fhds e O fofhiged e
interleavigd z&ragemen’numﬁlm]’SK moelﬁkatiom gystenmmi | ar el enents and in

0020 ar't K matri
BB o < 1 BiCPhsE o1t PR thn 106 o8 13K syme The
dlscloseﬁ e evRphglotletiddod lerfoﬂnQQQél-(}f Lﬁb]@ caded| 3R APEKalystsmand simplifies
partite gra representation of the irregular LDPC
mterlea\ewmngﬁmagwg%ﬁs SYSHTS- 1. [0022] FIG 3 illustrates
the bit mapping bl ock in 32APSK nodul ati on, accordi ng
to various enbodi ments of the invention. [0023] FIG
4 i1 ustrat BRIBF BIRSGRIPTIAN O37BISKRRAWBNGS accor di ng
to various enbodinments of the invention. [0024] FIG
5 depicts an exenpl ary conmuni cati ons system whi ch
[PODY]0Y S Thé hesent fitvesticiig iIRRARSKbyvaEY bhtdaatple, and astciyvery of
to various enbodi nents_ of the inventia Orgge;ﬁlila 6
limitaticaeis the S2urps ehbppPErspording &afvngs an mwla&ilh ApISR numerals
refer to HH@IH}QE&;&RS b infliffen:S, according to various
nbodi ments of the invention. [0026] FIG 7 depicts an

[@mipl aF1G.rlds eipewty chagh oytrin gerBesapBion e ascemplasyiregular LDPC
ing to various enbodi nents of the
code of g IR R 10 L e vt G OF THE | VENTTON 6
0031 1EOGEKEN iNasteatesfa bipatiepraphbprézentition o2 Grregular LDPC code
. 5..10. 2006) PCT/ CN2006/ 002424 2 4 r1~1/ul'GWU / V
illustratechig F¥5- Ref erring to the acconpanying draw ngs, a
057 | el esifiuitiidsARe Wit happifig Blo¢R th 32APSK modulation, according to

various embodiments of the invention.

[0023] FIG. 4 illustrates a bit map for 32APSK symbol, according to various

embodiments of the invention.

[0024]  FIG. 5 depicts an exemplary communications system which employs LDPC
codes and 32APSK modulation, according to various embodiments of the invention.

[0025] FIG. 6 depicts an exemplary transmitter employing 32APSK modulation in
FIG. 5, according to various embodiments of the invention.

[0026] FIG. 7 depicts an exemplary receiver employing 32APSK demodulation in

FIG. 5, according to various embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
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of exenpl ary encodedalsiof raeeiptp2hQctohsr h@éé25rlg1'2a§<%%1“2,003/0324ﬁ4 A
codes according to various enbodinents o % e

i nvention. [0028] Although the invention is described

with respect to LDPC codes, it is recognized that the

bi t mappi ng approach can be utilized with other codes.
Furthernore, it is recognized that this approach can

be i nmpl emented with uncoded systens. [0029] FIG 5 is

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

it .32APSK nodul at.i on, accordi t.o an. ) .
BROTE: efersine OrTEe pirOC YIRS SaR e R AoL0 AP ion Tiee given
of exenfp¥aty BABolEEbit fappiAg hietHdasLih€LDPOoWY &boraRBes /rsus

signal wavefornms across a communi cation channel 502
embodimgnty of hednveations03. The transnitter 501 contains a

[@%@99 ﬁ&gﬁ@ﬁmgﬁrﬂ%ﬁﬁwﬂ dBscribbd %ﬁtﬁ&@sp?z&‘to EQP@%aésb 1§
SsagesS. Ea of these nessages corfesponds a signa
recognizaivhitdhebit apping\appedarhrcan batilizet vathodthercedess Fartherchoae, d is
.COf ed b oi se. .LOPC codes.. are | oyed to reduce
recognigqiahHiiis Bpmiprbaen Bk ITRITERaL By oo B SIS 505 and. a
265K A Rtal ddprss BE BBotfmunRARIM ¥ Perh [@rgggogﬂ}gfmm codes with

LDPC encoded bhits to sjignal waveforns. } FIG 6

32APSHamdutationrpoearding tas embpedimentiaf dhe prasephiavensionu i coameHgations
system ﬁn%g{jlgm 9!1115%%'501 WhidH %Elgxgg? k%ﬁ M@gggg A& 5ssHdmindiicdion

[ ati on. e LDPC e 2 enco I nformati on
channelfi02g0 & reprivenii3c lt@0hknimiter STPRONCuTmesisge sPhwe papiucing a

s s RGP g Rl RS B PR RaTthgp.
wavefofh€entefieshahiil SORkid dck cOfruptb®by-h¥ise. AIVRC cddee atddployed to
codeword is interleaved_and nodul ated to si gnal

reduce thg distusbangesipiroduced Ry ghe chiagnst AHbend P Bomopulatien schemge is

employ&PdralssBth LIRPLIIISONRNE signdiNeSBfothgnal wavefornms are
sent to a transmt antenna 604 and propagated to a

F0381 veFlGhodepists an Fregiplary taperitier il the comuapicetiensapistem of FIG. .
5 whict AR AREC SER UK 33 A0SR Bodtiahbh “neFBL C¥cate S0 2 B Bdes
informaltign bhefromceur¢e 601 mtd EPRE coQdwerdsl Thk mappitifrerd each information

de or,/ dei.nterl r 702.. Si | waveforns ar
block 14 EATR HNF L GO dE e P TR B Belob chpyIonts the
generat%%ﬂﬁi%éﬁﬁé’EDP@%dé.hFﬁb OBt cbidwdRd idiftefedvel endl fioatiated to

i ich iterati velg decodes the recei ved nessages
signal waygfogns buthe drterlepyermadulapr 6¢icbasedhors ap2ARIK bt sepppinggcheme.

] ti . .
These sf38 v efpie ARTRRA o el o ST RU N T Spbe i oy shown i
FIG. 7.32APSK nodul ation rul e enpl oyed by the

B T RS S e T 8 B ot
and 32ATEK EABORG 0 Bzthl Wavbithd dde fddeldPBy the receiving antenna 701 and

distributed to demodulator/deinterleavor 702. Signal waveforms are demodulated by
demodulator and deinterleaved by deinterleavor and then distributed to a LDPC decoder 703

which iteratively decodes the received messages and output estimations of the transmitted
codeword. The 32APSK demodulation rule employed by the demodulator/deinterleaver 702
should match with the 32APSK modulation rule employed by the interleaver/modulator 603.
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[ 0032] Accordi ng t o Dateraf seseipte 2HOetphes AR08 (3510 )PCT/CN2°06/002424
i nvention, as showmn in FIG 3, the 32APSK]5(Jeié/(J 2006 /O U 4 42 4
bit-to-synbol mapping circuit may utilize five bits

(b5i, bb5i+1, bb5i+2, b5i+3, b5i+4) each iteration and

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

2, .... The bit mapping logic is shown in FIG 4. The

bit mapping according to various embodi nents of the

(0032t | Accblingiefvatiewh easboliivhdntse!. thSinvEKEbnEGhé®h idBI 3, the

SO T KT W

each 1te/ratﬂ)}vanﬁe%1 'tﬁ‘én?(nté arﬁ }aluéﬁﬁh Qfﬁlué]xmﬂpﬁéb"'l? 2, D3I TH bit mapping
+a) 0,0,0 ?7”12 R2 sin(7r112)),

logic is (San 5511161 4b g‘hq. Qlt mapp@g lggcpor.dp)ig to \(qylogs gn‘god_ppemg Rgzhe invention is
8), RI sin(7r / 8)), (b51, b51+1 ) b51+2 ,
deﬁnedb"giér@m/ b51+a) = (0,0,0,1,0) (R3,0),
(b51, b51+1, b51+2, b51+3, b51+4 ) = (0,0,0,1,1) (R2
sin(7r/12),R2 cos(7r/12)),
(b51, b51+1, b51+2, b51+3, b51+4 ) = (0,0,1,0,0) (Rl
cos(7r / 4), R sin(7r / 4)), (b51 , b51+1) b51+2 ,
b5i +3 , bb51l+a) = (O 0,1,0,1) (R3 sin(7r / 8), R3
cos(7r / 8)), (b51, b51+1 b51+2 , b5i +3 , b51l+a) =
(0,0,1,12,0) (R3 cos(7r / 4), R3 sin(7r /| 4)), (b5,
b51+1 , b51+2 , bb5i+3 , b51+a) _ (0,0,1,1,1) (R2
cos(7r / 4),-R2 sin(7r / 4)), (b51, b51+1, b51+2 -
b51+3 , b51+4 ) (0,1,0,0,0) (R2 cos(7r I 12),
sin(7r / 12)), (b51, b51+1 b51+2 , b51+3 , b51+a) _
(0,1,0,0,1) (R3 cos(7r / 4),-R3 sin(7r [ 4)), (bb51,
b51.,.1 , b51+2 , b5i+3 , b51+4) _ (0,1,0,1,0) (R3
cos(7r / 8),-R3 sin(7r / 8)), (b51, b51+1 , Db51+2 A
i+3 , b51+4) = (0,1,0,1,1) (R2 sin(7r / 12),-R2
cos(7r / 12)), (bb51, b51+1, b51+2 , b5i+3 , b5l+4 ) =
(0,1,1,0,0) (RL cos(7r / 4),-RL sin(7r [ 4)), (b51,
b51+1, b51+2 , b51+3 , b51+4 ) = (0,1,1,0,1) (0,-R3
), (b51) b51+1 , b51+2 , b51+3 7 b51+4 ) = (0,1,1,1,0)
(ri (), QW (R3 sin(7r / 8),-R3 cos(7r / 8)), (bb1,
b51+1, b51+2 ) b51+3 , bb5l+a) = (0,1,1,1,1) = (-R2
cos(7r / 4), R2 sin(7r [ 4)), (bs: ., bs. .+i bsr+z )
bs/+3 ~ bsr+a ) =(1,0,0,0,0) ~ (-R2 cos(7r / 12),
R2 sin(7r / 12)), (b5 , b51+1, b51+2 , b51+3 , b51l+a)
=(1,0,0,0,1) (-R3 cos(7r / 4), R3sin(7r [/ 4)),
(b51, b51+1, b51+2 , b51+3 , b51l+a) = (1,0,0,1,0)
(-R3 cos()r / 8), R3 sin(7r / 8)), (b5, , b51+1, b51+2
, b5i+3 , b5l1+a) = (1,0,0,1,1) (-R2 sin(7r / 12), R2
cos(7r / 12)), (b51, b51+1, b51+2 , b5i +3 , b5l+a) =
(1,0,1,0,0) (-RL cos(7r / 4), R sin(7r [ 4)), (b51,
b51+1 , b51+2 , b51+3 , b51+a) = (1,0,1,0,1)
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(0, R3), (b5i , b5BDateof yEdine25 Opsabes 3006 (H5H0.2A06) BCT/CN2006/002424 _ ) 4
(110111110) (-R3 sin(7r / 8), R3 cos(7r / 8)), (bb51,

b5r+1, b51+2 , b51+3 ) bbi+a) = (1,0,1,1,1) (-R2

cos(7r [/ 4),-R2 sin(7r / 4)), (b5, , b51+1, b51+2 ,

b51+3 , b51+4) = (1,1,0,0,0) (-R2 cos(7r / 12),-R2

sin(7r / 12)), (bsl , b51+1, b51+2 , b51+3, b51+a) =

(1,1,0,0,1) (-R3 cos(7r / 8),-R3 sin(7r / 8)), (bb51,

851” ;52%? /’419@81?%:%{/ 4 51%)1@5“(%%19%351@.9)) j(&moﬁ)
0, 1, L)Y AR LR T L) P i P T 00D
Sglz } (?5%597 /,8),“5_3“’(37;/ 8)?53]-;@)1’bgiglngH;’!tbb%HfngQ)) TS (0,60,1,0)

S , - N r y , Fo y
b51+8 , b5r+a 3’®t1, 1,10, 15175"’%5&*1?%5”%1 ﬁ’(’?rgs’*/j)sgotﬁg’%’l)
cos( Tr(Rs sigf5/12),B56os(5EDN | (BpPhekDsisz 1554850 ) HERLLY: 0%
(1,1

1@?%};(” %), iﬁl@ﬁ(‘%li 46’7)5,»bsﬁbggfﬁ(s%ﬁb!,-+4)¢%=)(0,0,(l,b,551,
, ceordi
RER AN ST f’)ﬁ\’/’ésmng%ﬁ:]bsw f%?r?ﬂg%&%g
(Rodos@t /@), Ry smy/‘b)é,fe g(lgybgmrbpizn@nymighz%(@,ﬁﬂs,g he
V(L SPEEIPLRLLAGS 491 3(h a8enb, PN B, ) (610,00

é bjt 5t | A
P/l Wb ot I0oNOhe o

gi ve

of ; C@R, [ebs(728),CR} sitier/ 430?6(4125;”%@5129@@,bs.-+4)=(0,1’0,1,0)
PCT. 2 1 | pVVy i [

< BRI A e e
schelréRofin(@/ €2), 2R z108@ / 13D+ alfyebs.bibtizi binafso) TéPLb Bbd

on the(yabiey 4pLr] Sll/ukel | ot [ 31,951.1.800,) = (0,.1,0,1)

DSt an orOr RSy emyi ng. Lot hgr bnoRpar L)LbLiT
T6), QNS

] (Bysirt{oug)-Rves(z8Rnt i ¢y, bas, s b, ddscni=tod,1bY)
o Ve R feo % ARG SinQE / 4)RT ef(%,%tﬁﬂ,b%m bgi, {%?4)8; (1,010,0,®)

to e U er | O e aga 1\Qn

modi f i(?:g’t ‘f°8ﬁ’éﬂ9ﬂ§t Qﬁg”)&g@e \Lf&ﬁf%ﬁﬂ’ Sﬁ@gg%’f”?m) ‘aﬁ’ ’éélc?pe

of the(iRyees(in/dh R, TRETF Dbr e, (i thsiisbst.hésiobfseot= G10.GHD

appendedr Wodi78), RYsiaoy a)), al | (b3 %D.t, B35 JBL, BS) 2(6D,0,11)
ue,s

cope (o TR 1 BbBriTER 2o Betheckartroidiee Th000
L ?:% ;al( :Ré—:olélé:/ﬁg(o@dﬂbm%fi;(zg’%)é(l_ i I5(!)3; ohs,-zlob)slﬁg,ibsusabs.-ﬂ) = (1,0,1,0,)
of bilt mappi nsdl’?{r{’:)’é 32APSK s gf%’ﬁ’f&f‘”ﬁ’gy ,%-. )giﬁw,ltlgﬁ
conph i é—i—ﬁ%hgs_m(ﬁ 8), R, cos(7 /8)), Bs;3Bs1413Dsiaz > Dsia 5 Dsins) = (LOLLY)
(=R, cos(m/4),~R, sin(/4)),  (bs;sb51415 D512 Ds1435 5144 ) = (1,1,0,0,0)
(=R, cos(z/12),~R, sin(w/12)),  (bs;»b51415 51425 514355104 ) = (1,1,0,0,1)
(=R, cos(z/8),~Ry sin(w/8)),  (Bs;s D515 bsp42 > Bspaz s Dsina) = (1,1,0,1,0)
(-=R;,0), (D513 B5141> bsia s Bsiaz s Dsina) = (L1,0,1,1)

(—R, sin(r /12),~R, cos(n/12)),  (bs;,b5115B51425 D503 Bs1.s) = (11,1,0,0)
(—R, cos(w/4),—R, sin(w/4)),  (Bs;sDs115Bs1425B5143 5 D5144) = (LL1,0,1)
(=R, sin(z/8),~R; cos(/8)),  (Bs;ss1a1sB5042 5 D515 bsaa) = (LL1,1,0)
| (~R, cos(zw/4),~R;sin(z/4)),  (Bs;,Ds115B5142 D513 D504 ) = (LLLLL)

[0033]  According to various embodiments of the invention, the bit mapping scheme
of FIG. 4 may use gray mapping which means the binary representations of adjacent points differ
by only one bit. Density evolution analysis shows that given an LDPC coded 32APSK system,
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transnitting a di gi thafe ofageint 29 Pesphea 200 AHGRPARPCTIENG00 002424 | ] 4
receiving the digital signal at a receiver; wﬁerein'
the digital signal utilizes a 32APSK system and the
signal is bit-mapped prior to the transmtting
according to the followng fornula: (R2 cos(,/4),R2
sin(,/4)), (bs"b3,+"bs, +2, bs, +3, b3, +4) = (0,0,0,0,0)
(R2 cos(,/12),R2 sin(,/12)), (b3l, b5, +1,

gray marpingachsve Gniprovide the begtthrestold), The bitppingschérsy o EIG. 4 also
N CATINSHRTIO R R i Y -

This arfab@en$dnd §indplifiks 2 dedig of i lkaving scheme for 32APSK system.
(G3s, eibs. 52,03, 43 L) = (0.0.1,0,0) (R
U341 / 4yAlfaough fhe ipvepfion pasdecn dascribykbythg yay of gxamplgs of
preferr ( eél%o%hsr%r%%, it slg {ﬁzbegdﬂa&rgfd%g *tlﬁ)vﬁfﬁ% (S/tl%} :llc,laffagfns a(cheis modifications
may begursle withjn |8 spirih ¢nd stppe of the irtysntion Thergforss itds thebjey ofthe

append:(:g Blgﬁ'(is’é% ’cé%e’r 2 @%c}ﬁ%%%ﬁjn/xs:a%%l Hio?%%c%hgtgﬁ as ]cél% ’mgh?ﬁc' the %B 4s_pirit and

scope of @ig(invdnfipn- R2 sin(,/12)), (bv,Db3,,,,bs"2,bs"3,b,"4) _
(0,1,0,0,1) (R3 cos(3r/4), R3 sin(1r/4)),
(bs"bs, +"bs, +2, bs, +3,b"+4) = (0,1,0,1,0) (R
cos(,/8),-R3 sin(,/8)), (bs"bs, +"bs, +2,b,, +3, bs, +4) =
(0.2,0,1,1) (R2 sin(,/12),-R2 cos(,/12)),
(b3,,bs,,,,bs, +2,bm 3,bs,,4) _ (0,1,1,0,0) (R
cos(,/4), Rsin(,/4)),
(b,,bs, +"b"+2, bs, +3, bs, +4)=(0,1,1,0,1) (0,-R3),
(b5" b5, +"4+21b51+31 b5, +4) =(0,1,1,1,0) (I1(i),Q2))=
(R sin(,/8),-R cos(, /8)),
(bs"b3, +"b3, +2, b3, +3, b3, +4)=(0,1,1,1,1) (-R2
cos(,/4),R2 sin(,/4)), (b3"bsl+"b51+2, b3, +3, bs,w) =
(1,0,0,0,0) (-R2 cos(,/12),82 sin(,/12)), (b5"b51+1
b51+2, b5, +3,4+4) = (1,0,0,0,1) (-R3 cos(,/4),R
sin(,/4)), (b,,,bs,+,,bs1,2,b3,+3,b,,+4) = (1,0,0,1,0)
(-R, cos(,/8),R sin(,/8)),
(bs"bs1,,, bs, +2, b3, +3, bs, +4) (1,0,0,1,1) (-R2
sin(,/12),R2 cos(, /12)), (b,,,b"+"bs, +2, b31+3, b3; +4)
=(1,0,1,0,0) (-R cos(,/4),R sin(,/4)), (b511 b51+1
| b542, b51. 3,b51+4) = (1,0,1,0,1) (0, R3),
(b5"b31+, b5, +2, b5, +3, b5"4)=(1,0,1,1,0) (-R3 sin(, /
8), R3 cos(, / 8)), (bs"bsl+" bs,+2, bs,+3 , b3l+4) =
(1,0,1,1,1) (-R2 cos(r / 4),-R2 sin(,/4)),
(bs"bb5,,,,b3,+2,bs, +3,bs, ,4)=(1,1,0,0,0) (-R2
cos(,/12),-R2 sin(,/12)),
(bsl, bsl,,,bs,+2,b51,,,bs,+4) =(1,1,0,0,1) (-R3
cos(,/8),-R sin(,/8)),
(bs"bs, +"b3, +2, b5, +3, b, ,")=(1,1,0,1,0) (-R3,0), (1
,,b51, 1, b51+2, bs, +31bslw) _ (1,1,0,1,1)

10
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(-R2 sin(,/12),-R2 dugof eegipt; 25 October 2006 (25.10.2006) PCT/CN2006/002424 - :

(b3"b3, +"b,,+2,b,,+3,b51,4)= (1,1.1,0,0) (-R
cos(,/4),-R sin(,/4)),
(b5"b5, +"b31+2, b31+3, b,,+4)=(1,1,1,0,1) (-R
sin(,/8),-R cos(,/8)), (b,,,Dbs,+"bs, +2,Db3,,3,bs, +4) =
(1,1,1,1,0) (2,1,1,1,1) (-R cos(,/4),-R3 sin(,/4)),
(b5"b5,,,, b5, +2, b3, +3, b51+4) = wherein Rl is a radius
of an inner ring, R2 is @LAASuUs of an internediate
ring and R3 is a radius of an outer ring. 2. The

W nmethod of claim1, wherein an FEC code is used. 3. A

eclalgx
I"gi tal conmuni cation system conprising: 11

PCTI EO617CN Date of receipt: 25 October 2006

N Ruedd pﬁ%gﬁ%é@'%%fﬁﬁé‘ Fistens, s hod carmpripe |
vvl"“t?‘;e E co ?‘%%'gﬁﬁ gﬂ%ﬂﬂmﬁﬁ&lh ZES a 32APSK system

naf is bit-mpped using

o1 YA %‘qﬁgl Qi trgce@Jert he di gital signal are

or der the values of a Ilog likelihood ratio
fvdh@féirﬂth@ Gigifdﬂdlgﬁl LelRses 6 BAAPSK . sydtem T4 theéiped isBit-flaphed prior to
3, wherein the FEC code is regular LDPC code. 5. The
the transmittinglacebrdidgionhSfollatrgefonnilite FEC code is irregul ar
LDPC code. 6. The[ mpbstool 6@ aiony.d.p.. 0000k @oddie FEC
code i s regul ar repeat12agcuAIN.aNEbCOLw:.b.d=0TH® met hod
of claim3 wherei n<1t4°ﬁé=/$?5®'(’d@)de (b,,9,,+.1b,r,rb@,gw)a§0,o,o,l.0)
r epeat - accumnul at e e® °)12 PCTi 0 4P EN=-Da{°&%10f
recei pt: 25 Oct ob (F’s‘ﬁs m / )RO Q’Oé’ b Ba) - (?)gllg?))
PCT/ CN2006/ 002424] 48 0 73) tag” bmgmj :g E
system conpri si ngg &l ‘{)@Q,s(,m); &, b,,*,QJH,%,J;I, ya oenagt | east
one mappi ng gr oup| {akNg-xfshté @, Did, 3, bib].5,H50kdbe D5I +2,
bSi +3, b5i +4), f O, ksl 12k, sin@ )12 .(ybyn,bL B 3R.APBKLOPY DOl S
based on fornul a:| GRECERS(NE/A) ERPauidbid: Bk AJO)OL0( D5, |
bs, +I, bsr+2 , bsr +G=°6811§)+4:)5‘"(”’3 '0,0:20:50; b@)"u«)ém("')
cos(,r/12), R2 si ni ? B, ,(bﬂé’i' ,'u,”b bung) 5 (01,100)
b5, +3, b5, +4) = (0 6‘?3"’@ 95"‘ Ok st f"8§”“) LLOD

I

l 1975142 sm ’1:1»1’0)
si n(7r/ 8)) b5’ ! b ]sm ) ’cosgl’ 5 b b éx 8
(0,0, 0, 1, 0) YR §R, (éﬁéﬁ,xﬁé&i’g éSi,b’-'r‘,zbiiib&lbt ok =
(0,0,0,1,1) (=R, cos(z/12), Ry sin(w /12)),  (bgy»bsy1sbs12rBs13Dea) = (1,0,0,0,1)

(_R: cos(w/4), RJ sin(z/4)), (Bys byt 'bmz’bsuzrbsm) =(1,0,0,1,0)
(—R, cos(z /8), R, sin(r / 8)), (8513 Bs1013b5142Ba143s b1 ) = (LO,0L1)
(=R, sin(z/12), R, cos(w /12)),  (Byysbsparsbseas Bstazsbsiea) = (1L0,1,0,0)
(—R, cos(z/ 4), R, sin(z / 4)), (Bs15b511> bs12 5 D513, 05100 ) = (1L0,1,0,1)
(A R,), (5313 D515 D512, Bs1430B5104) = (1,0,1,1,0)

(=R, sin(/8), R, cos(x/8)), (551551415 B51023B51435 05100 ) = (LOLLI)
(=R, cos(m/4),—R,sin(r/4)),  (bssBs1415b51025P51432 b5104) = (1,1,0,0,0)
(—R, cos(rw/12),~R, sin(7/12)),  (bs1»Bs1a1+b512Dsia3s Bsaa) = (1L1,0,0,1)
(=R, cos(w/8),~R, sin(m/8)),  (Bssbs1a15B51425Ds1035 Bsaa) = (1,1,0,1,0)
(-R: »0), (bsnbslmbsm 51439 Ds104) = (LLOL])

(=R, sin(w /12),~R, cos(w/12)),  (bsys bgpasbsieasBsrassbsina) = (L1,1,0,0)
(=R cos(w/4),—R,sin(z/4),  (Byysbsinsbsezs bsraasbsins) = (L11,0,1)
(=R, sin(zw/8),~Ry cos(z/8)),  (Bs;sBs115 bsiaasBsazs Bsiea) = (LLLLO)
(=R, cos(r/4)—R,sin(m/4)),  (BsysDsiarsBs1s2sbs10310500) = (LLLLD

wherein R1 is a radius of an inner ring, R2 is a radius of an intermediate ring and R3 is a
radius of an outer ring.
2. The method of claim 1, wherein an FEC code is used.

3. A digital communication system, comprising:

11
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(R2 sin(7r /| 12), RDPatpf (‘ecemt RS @otpher 2006425, 10&9%5CT/CN20(8}6/002424
5142 , bs, +3 . bsr+4) = (0,0,1.0,0) (R cos( rray ¥ « 444
sin(,r/4)), (b5,,Db5,+,,b51+2, b5, +3, b51+4) = ,
(0,0,1,0,1) (R3 sin(ir/8),R3 cos(7r/8)),

(b5, , b51+1, b51+2, b51+3, b51+4) =(0,0,1,1,0) (R3 cos(;r

[ 4), R3 sin(7r [/ 4)), (b5,, b5r+1 , b51+2, b5, +3,

b51+4) = (0,0,1,1,1) (R2 cos(7r / 4),-R2 sin(7r [/

4)), (b5,, bs,+1, b51+2 , b51+3 , bsr+4) = (0,1,0,0,0)
a(HRACIstET 0/ tladymit R2Egital signal?) )

b5, , b51+11b51+2, h51+3, b5r +4) =( 0, 7 .
v&hezp)n thR@l-ll- gitah ﬁlgl;qll 3][)'1}1ZC-|S- @@@A,r}’ég) sygtemﬁglily_gﬁ,é gg_q_l%g,@gé %iag 81grna1 is
bit-maprsd y5ing oy gieppins. BEAES of s el B ol dgteq Phaihsh B vas ofa
log hkehh?%} l)f'tli % c&{lﬂﬁgﬁaadams (s?a%mle +, g(S %:'/24;3 )5 1+3, b51+4)

(b5, , b51+1, b51+2 b51+3, b51+4) = o 1,1,0,1) (o R3),

4@% éﬂl?ﬁiﬁﬁ( 5 re&a%?%cggés%régl% r%[?ﬁc% ST b5r+1

b514+2 , b51+3, b,,+4) =(0,1,1,1,1) (-R2 cos(sr/4),R2

/4 b51 b5, +1 1+3, 65
. '1,19}((9 I(rbetbg%()f c ;CCIV e %@% e zsi I piié?lic code.

(b5 b5, +" b5, +2, b51+3 b51+4) =(1,0,0,0,1) (-R3 cos(;
r/4),R3 sin(ir/4)), (bs"bs, +1, bs +2, bs, +3, b51.,4) =

€. IT1@, 10ethoDOf clfimRy vdxggp(iryﬂ),egﬁq:gg)dg pq«;@gqtlpxgl)eyeat-accumu ate code.
(b5, , b5, +1, b51+2, b51+3, b51+4) (1,0,0,1,1) (-R2
sin(ir / 12) R2 cos(,r/12)),

1. behfiethdd6flct@intd3 wheeinShe-BEC :o@éhs@n;rﬂgdha,r@?pea( acRumylatg code.
[ 4), R sin(7r [/ 4)), (b5,, b51+1 , b51+2, b51+3,
b51+4) = (1,0,1,0,1) (0,R3), (bsrb51+1b51+2,

b5, +3, b51+4) = (1,0,1,1,0) (-R3 sin(7r / 8), R3 cos(;r
/ 8)), (bs,, bs,+1, be,+2 , b51+3 , b51+4) =
(1,0,1,1,1) (-R2cos(;r / 4),-R2 sin(;r [/ 4)), (bs"
b51+1, b51+2 , b5,+3 , b51+4) _ (1,1,0,0,0) (-R2
cos(7r / 12),-R2 sin(nr / 12)), (b51, b5, +" b51+2,

b5, +3 , b51+4) _ (1,1,0,0,1) (-R3 cos(;r / 8),-

sin(7r / 8)), (b5,, b,,+, bs,+2, b51+3 9 b51+4) =
(1,1,0,1,0) (-R3,0), (bsr b51+1 b51+2 , b,, +3,

b51+4) = (1,1,0,1,1) (-R2 sin(ir/12),-R2 cos(7r/12)),
(b,,,b,,+1,b,)+2,6,,+3,b51+4) = (1,1,1,0,0) (-R
cos(7r/4),-R sin(7r/4)),

(b,,,bs1+1, b51+21b5, +3, b51+4)= (1,1, 1,0, 1)

(1,1,1,12,0) (-R3 sin(7r/8), R3 cos(sr/8)),
(b,,,b,,+,,b51+2b5, +3,b,,+4) = (1,1,1,1,1) (-R3
cos(7r/4),-R3 sin(2r/4)),

(b5, ,bsr+,,b,, +2, bs, +3, b51+4) = wherein R is a radius
of an inner ring, R2 is a radius of an internedi ate
ring, and R3 is a radius of an outer ring.
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Gf,Z4 9. Adigital conmunications system

conprising: a receiver to denodul ate at | east one

mapped 32APSK synbol to an estinmating nessage group

having five bits (b5i, b5i+1, b5i+2, b5i +3, bb5i+4),

for i=0, 1, 2, ...., based on a 32APSK constellation

S Ea thl%ﬁnﬂﬂncaﬁieﬁs fefn, Corfipridit: S n(7r/4))

8( g{b +, 1b, , +2 ;§}f§+3 b,I,ﬂ?MS;B?g: (0,0,0,0 gR%

adraogmitiex {p) mp@ﬂ%tp p,( lgpst PR§ JapRipg STORR havmg five bltS (b51, b5i+1, b5i+2,

b5i+3, b?f-Rl-qz 56;1%1‘=r8,/ ]8553 Rb éton%AP/Séé %nﬁmg Hdsel on formula:

bf ,(Rixos(HI'A) R, shily 1)), +3b:08,,.:64,) 24.06:,)6 (A%LB00) ( R3, 0) ,
( b ER ;bzli(ér)tl?% )R, siﬁzhz»ﬁizéshbmﬁb@z b 6008,@0.400) (R,
SI n / R 5“}@; )r ’ 5 SI+2 5l+3’ 51+4) (00010)
(bp @b : Z) ,sm 84 ,;,b,S:Qon&le 0) (R
cob &(7”4) E’( Si n)(1 )5/4 (858 52(,023,,+3 b, +4) =
n((l ty 58‘) SI-R" s:+és sg %
@B, coslim {40), RySnC sy 31 (8- bsigfa B ”%i (R cos(7r
@BS“%? /rﬂ &007(7? /@)) @bbsm’ 5t+zB751+3xp!i'l+4)0'(b Q—vbl bs, +3, b, , +4)
0(#0005774.4)11)5111(?44?) Co@(nbrnl bls)z’ zRy’_bs:s)'n(()Q’Hl)f) ), (bs"b,,+"
fﬁz cbé(_w/'ﬂg—lb Sm('h'44)):— (@Qbslw@q—z(bsigy’s +4)(=RQJ’Q3Q3®( 2r/ 12) y -
‘]&RYE(/S(JTZI)Z),TR @lb@ / bl‘)); bp bm mztbsm;bs??mjg’v(p 1‘40 1)_ (01 1! O! O! 1)
(ﬁqg&”[‘ig Aa’sm ’]/f4)§l Z’ 5!+]’ s+ sl+3 (01010) 0) ( R3
cos (53#}’%7 , 8):[:5 ’Sm 7T l)bsm fsbz s:+3g)l ) QO »0, 1)2 b +3 b
44 (e @/ gos )R2 wiPpr( Copep Bpig Do JXOE LD 71 12 '
(b5"®, c]gsﬁﬂ/ 4=k, 412(%4;)% +3 (b, bsm(a-bs z’é:m) by X7 @ig&é ) >
cos>( Y 4) (OR): si n(ir/ 2!’)., §l+n€5b5bsb b,s:*) ({9111,(3 b, , +3 b, , +4)
~ ree { QR Isindz /8),-AR, cos(7(8)), R3 Ybsi- 5idd byyuz s Brsy By s ) D(OILBD b5 +3, b, |, +4
(10,007~ 0-A, 015(71/4_113%2 s(n(gz(/.4)) Q)éqs,)l%gm, bsfo P Bian E OPEP) - R )
CO0%$ (—}RE ¢0&)T) ],2),6}}}11(75 / b2)) + (bﬂl'd’sm "b2+;z ’bs;ﬂ L‘SI,H,) b ( 0,04))1) =

~N0n Tl N
-hCTO

Um_"

(0 - &,,cds(A/ ), R{sinBe! 49.0S (Bl il Psisz Bes» Bl N EWOIOAD) |

(b, Ry costn/sPR stz /8)). 31» Pbsmﬂm b;m sl.,)G(m(ﬁ 10)

(- R s?x((hh 12)eo i)f‘ L2 )bl s, b, Db <10100)

b” bsn/’4 nzz‘/ - i ) (0'1 1) COS(7Ir /4),
R3|s (c s:_a‘_ s:ﬁ 31435 Bsia 0., 3 b, . _
(1,0 : s(( sr'?ﬂs) R ’h‘() T

(b, ( Bs, Smﬁ-” 8bR3 cqsgﬂ'/@)), +jbsbb5l+|+b41)z’ a3 s]:w)O'(bOlf )1 -R2

sin ((‘I'Rzk@@)/ 4)-@“@(0!;‘()},/ 1@)’9511,1’%1@1@51-}*3 s‘wD ’=l§110rp,0), b, , +3 b3f +4)
= (| &-ROsodz DR, sif(r R2))C OB BEbb bR, bS04 ) |

(bg "o, cd@(n/ls),wam(blsw 1(b55b5,+.4b)5,+2,=bs,+( b,.0=1010) (0, R3),
(bE) b, +, 430 2,b,, 4, ’fﬁn 51415 s:+z:b1+(3:b§r+9)"](“]0;1(i))) ( R,

EI ré?ﬁrs/lx?)/ C‘%§6z”2 ) Sl’bSi(-l-l’bbSIH’béa’ smi)J?1 1’1-68) v +31b’ ! )

005(75 / 4) "R sin(z/4)),  (bs;»Dsursbsia25bsia3sbsina) = (LLL,0D)
(—-R sin(zz/8),—R, cos(7r/8)),  (Bs>bsp315Bs125Bs51435D514) = (LLL1,0)
| (R, cos(m 14),~Rysin(zz/4)),  (bssBspurs bsiazsBsies s bsina) = (LLLLD)

wherein R, is a radius of an inner ring, R, is a radius of an intermediate ring, and R,is a

radius of an outer ring.
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(-R cos(;r/4),-R dJagofrgcgipt: 25 October 2006 (25.10,2006) PC PCT/CN2006/002424 49 p
(b,,,b,,+"b,,+2,b,, +3, b, +4)-(11000) (-R2

cos(lr/12) ‘R S|n( r/12)) (b,,,b,,+"b,, +2,

b,,+3,b,,+4) =(1,1,0,0,1) (-R3 cos(7r / 8),-R sin(,r

/I 8)), (b,,,b,,+ ,b,,+2, b,,+3,b,,+4) = (1,1,0,1,0)

(-R,0), (bs"b,,+"b,,+2,b,,+,,b,,+4) = (1,1,0,1,1)

(-R2 sin(,r/12),-R2 cos(7r/12)), (b,,,b,,+"b,, +2,
éjz;;ﬂfgzl*glco"ﬁﬁhmuca(h%nisﬂst&n Q))mgnﬁngcos(m/4) -R, sin(ir /

L ) + b’ ) +2 1 +3 A% 1 g R
atepgiver/tg )iemgiul:ttg a Ipast gng T mapped 32APSK sym'boI to an estimating message

group h{&ﬂ@g ﬁ@e it R’béi?%baaﬁ,b'%ﬂ;@ﬁ&) €cki10,4, 3; 0), based on a 32APSK
constell@thm,spbmﬁea,tllob, ,+¥2,b,,+3,b,,+4)=(1, 1, 1, 1 1) wherein R1

is a radius of, a j,ng I S r adi an

o A R

rl ng 10 A & ZSln Iz é | 512 iﬂ-ﬂ 5'-}3{ 5l+4 _t(éf'o,q,o)a

gon‘puz gr pr og (ga ”F‘ g? ”*’gbf‘@ Noodly five
its 5i, b i £33 Y i 0, 1, 2,
® o g aétz ,;a,;f;; i by ) 001980

PCTI E0617CN és( %‘;(% i e nyied 3@) p

(25. 10. 2006 42 s D Jsa 7r14), R

sin(7r/4)), | ($ & § R bﬂ‘é’i‘*ﬂ-@*”gﬁ’ &21 i (94%2 o

(O, O, O, O, O) ﬁzos St Si+lh I+ 5}«-31
BN gfo‘;:é%gw%ﬂ i A
cos(7r/8), Ry ST &7 " (b5, rsy 3, b51+4)
Tar
vs

f‘-

= (0,0, 0, 1, §)Rpfgd®gfs s, 6‘8@15%% s +4) =
(0,0.,0,1,1) (W@ﬂﬁ feos "i’é) Pt R LTy
(b5, , b5, +1, t5<R42(”/@5R¢‘3<7”@51 )s'wf’sr(zdme"ﬂﬂ:)u( ‘”’ (R
cos(7r/4), R SI o 7‘?751 bs R T "'Pk’j(m -LO)

b5, +3ubfkiay & 4'; Ez;.gs w bw hig) < @BLLD
05 ) 4 4! i+2 51 ’ ’0'050)

?8887;/ i) 2)) Q?Sl 5(’%) 2’ Fé# Ma’bm ind) = ogon

b5, +1, bs, +2 C0BY +’ 33’44" s "*1,’14,) ? {%2 !

COS( 7r/ 4) l %E;{%‘I?c]?j Fﬂ. » ((bil b51+l 51+z 51‘;;5“4 113100

(bS, y b5, +1, t 3 R 4) SI-( I+21

COS( 7r/ 12) , QZR@?S ST 53)) (Bsisbsm g;m:?sm by ilOI OEQZ

(b5"bs, +1, br + v sy sIz 43785t ) cos( 7r

/| 4),-R3 si r(frFF‘&‘)”Zf)R“BSgVS” bs :é Q A 0§1+4§ =

b |

(0,1,0,1,0) | UREEH zF““?"‘é ﬁ'*’n '*r 5'+7 b5, ,
b5, +1 , b514¢" g%%f"#%“’* B’M’%l b, bﬂrz ) )
Si n( 7r/ 12) , @(B?rlysﬂ (bsl sivsDspaas 51+3’ sm) (11 10)

(b5, , bs, +1, H5 1+2 b&A03, b5| +4) by ”56'(5’5“1”5’1’ %4@‘“@01 cos(7r
[ 4),-R si(Resinfr/ B R copph) Brbep Py tys Pud =ty

b5l +4) = (0, |1¢A sz A4~R g7 41R3) <bs~§sbﬁ>sm b5 Le e eré)

b51+3, b5, +4) (—R elgﬂf@ ‘j!aa TS( ), (Barsbausbsiasbsnssbsng) = LLLLO)

| (=R, cos(rr/4),-—R3 sin(ﬂ' 4),  (bssbsysbsia258514350504) = LLLLY)

wherein R, is a radius of an inner ring, R, is a radius of an intermediate ring, and R;isa

radius of an outer ring.

10. A computer readable medium to store a computer program to map at least one group
of five bits (b5i, b5i+1, b5i+2, b5i+3, b5i+4), for =0, 1, 2, ...., to a 32APSK symbol based on

formula:
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(1), Qi) _ (R s iDgeR Fyipt: R Ogtaker 200683910.2006) PCT/CN2006/002424 _ 2 4
(b5, , bsl +l, bs, +2, b51+3, b5, +4) = (0,1,1,1;1) (-R2

cos(?r 4) R23|n(7r/4)) (bs,, b5, +1, b5r +2, b51+3, bs, +4)
=(1,0,0,0,0) (-R2 cos(7r/12),R2 sin(7r/12)),

(bs,, b5, +1, b51+2, b5, +3, b51+4) = (1,0,0,0,1) (-R3

cos(7r/4),R3 sin(7r/4)), (b51, bsr+1

, b5r +2) bsl +3, bs, +4) = (1,0,0,1,0) (-R3 cos(?r/8),R3

ST N((R] doflr) 4), & Bz 14ps ’(Hsml*?lﬁ;%%b!aﬁﬂstﬁr@m@)

(1] Qg Q«»s@ﬂ/:ﬁ) snﬁ‘)g/ 12 ((3 %}MB%,,@SQ%@Z@ d,dlo';‘l))

(bb )% 1 Stg ik
co$ gp%i()” % sn;i /8 i 5’ +,z ,bbgb“i g(-h?l b2:>1+§’> b51+4)
= (? (2 sn&g sl+z b55§s+ OS O:_Q%’ b51+3
b5 L&: iz ;’i e 12)@, s1ofag Pagia RepPng -é LGB cos(7r
8) (R( t55 1 4), Rpin(m/ 4), Y&l Dsvaol ook ) = (BHRLOAY) =
(1 _O(Rlsu](fr ZLB) R, (OS(R@))C os((’szﬁslnél%pbm bg.i )rf((?9 ¥14’) ),
( b!), 6139905(*/ 4)%‘“‘*24 4))b5’ 6”3)1415@11’1@1& isn@ )]F; (Q,Q’@UD, O) ( -R2
COo% ((zzr 0642)4’),_82“1&'/ u)‘: 7 r(bSJ’BS)H) BsjazBs1435b514) = (0,1,0,0,0)
( bf>2ﬂ B 1o),0R, sﬂf(%/ﬁ%' 02,0 0)0,5 ol h o 1) (- RS
ggf és co (/Bﬁ‘i S (7Z$ {b 4751181) %2’ 5t ’l%ﬁg) (@?01’0’) I bs, +2,
1 b‘%gﬁf{ﬁ ’bé 12?/ gsnégngzw 51430 (1 )48 o,L1) 1) (-R2
si nH Fn/ 2y R Q8 T2l (BB By By -0, LGN , b5, +2
b51+® cos(ﬁsﬂ) FRyinz/ ‘()h 1(bs 5@y By Jovss Bsrse LY 4)
Si n(?r/ 4) IO—RQ)bS, , bs, +@§1’b5,ﬂzh52; bl5]bﬂ?—3}=b®lm‘p) =
aodh F DR ostRBB 1 (4704 BB 1503 DLLE) )
b5, G-Rsbstr/ 4B, sinlr /BB + @5 195,84 b5 sl ) 1 (1.8:0,8.00)
(1| &R oak(r192), R{sinBB1DDS (B8baili,b4). b fBu 3+ ODODA) )
(D3, -Roddra), Rt 4NS , 63, H3, S,A):s.;,bsmeuswomoﬁ s a
{ f}‘ﬂ" 4%, Qi AR AR 'ng&l%éR% .30, 30 9,19 an
ri ng_ zT%”%%& EB 1} ? Bsp3 B51415D5142 sm 551-»51 H% 1 96) an outer
(=R, cos(z/ 4), R, sm(z/ (B515Bs1415Bsiaz» Bsiaa s Bsins ) = (1L0,1,0,1)
(0,R,), (Bsy>Bs1a13 Bs1az3 Bs1s33 Bsina) = (LO,LL0)
(=R, sin(7z/8), R, cos(7/8)),  (BsysDsiu1sDsiunsBsiass Bsina) = (LOLLD)
(=R, cos(m/ &),—R, sin(zw/4)),  (Bs;>Bs1s15Ds51125B5143565144) = (1:1,0,0,0)
(=R, cos(7 /112),—R, sin( /12)),  (Bs;>Dsis1Bs142:Ds1435b5104) = (L1,0,0:1)
(—Ry cos(w/8),~R, sin(7/8)),  (bsysBspi1sBsruzs bsisssbsea) = (L1,0,1,0)
(—R5,0), (B515Ds1415 D512 D51335 b5 ) = (L1,0,1,1)
(=R, sin(rr /12),~R, cos(£/12)),  (bs;»Bs1415Ps1125 D51z bsiaa) = (L1,1,0,0)
(—R, cos(rr/ 4),—R, sin(m /4)),  (BsysDsua13b5025Psiva>Psiaa) = (LLLOY)
(=R; sin(z/8),~Ry cos(z/8)),  (Bsy>bsps>DsuuasBsiias Bsina) = (LLLLO)
| (=R, cos(z/4),—R, sin(r / 4)), (Bs15b51415B51425 B51435 D514 ) = (LLLLD)

wherein R, is a radius of an inner ring, R, is a radius of an intermediate ring, and R;isa

radius of an outer ring.
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