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relates to digital communications and in particular to a bit nmapping schene
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AVENT] EXE G0 ey SO BB HERLS Cored 1P ST, RABRR BT ar o di r ect ed
to a bit mapping schene in a 32APSK nodul ati on system The techni ques of

t hese enbodi nents are particularly
BACKGROUND OF THE INVENTION

[0003) Forward Error Control (FEC) coding is used by communications systems to
ensure reliable transmission of data across noisy communication channels. Based on Shannon’s
theory, these communication channels exhibit a fixed capacity that can be expressed in terms of bits
per symbol at a given Signal to Noise Ratio (SNR), which is defined as the Shannon limit. One of
the research areas in communication and coding theory involves devising coding schemes offering
performance approaching the Shannon limit while maintaining a reasonable complexity. It has been
shown that LDPC codes using Belief Propagation (BP) decoding provide performance close to the
Shannon limit with tractable encoding 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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wel |l suited for use with LDPC codes. [0006] LDPC codes were first described
by Gallager in the 1960s. LDPC codes perform remarkably close to the
Shannon limt. A binary (N, K) LDPC code, with a code |length N and
dinmension K, is defined by a parity check matrix H of (N-K) rows and N
colums. Most entries of the matrix H are zeros and only a small nunber the
entries are ones, hence the matrix His sparse. Each row of the matrix H
represents a check sum and each col umm r epmese Nt SErdorMakioh H@ymet pgapertyaandi t
or synbol. The LDPC codes described by Gallager are regular, i.e., the
parity check matrix H has constant-weight rows and colums. [0007] Regul ar
LDPC codes can be extended t L D in which the

wei ght of rows and col ums vglr%/ﬁg“rjluw‘ggglu a;rl:ll?ﬁg co ?Ws speci fied by
degree distribution polynomals v(x) and c(x), which define the variable

and check no egr di strjbutions respectively. re eci.fically, the
i rregul ar LD&@Oglode. aHEYs %bclﬁlé‘f‘?‘ﬁ%ﬂftﬂgp'feé%t BWQF'QJ%? WE‘E%‘F:E’?%% m%’p"lgi =1 (1)
and do ga¥melna SEZXF%K'm&eiulaﬁBn §y3lem. VRS tBcHnilRied 8f thaRl Bibod iy A8 ParlekiBry are a

maxi mum vari abl e node degree and a check node degree, respectively, and vi
(cl) repeBbseaddor yre Wi PGrodss. edges enmmnating fromvariable (check) nodes

of degree | ik © | HpRaUlial bR CRUSS§ APCRR.IP e 0B FHIRCdi pERERS Nt

and/or inple t han regu codes, een shown
t heor et raoddrkaplyegicheeaphierShaahdnylimitt Addinary M0 EDPC DRE, edtlascode tehgthnopet | y

sel ected. degree distributions outperformr ar LDP va- 172373 Docket
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parity oRefdtritBildré ¥erbSMISHANS ShalPRuRber A SURANRIEENs | HehQUHHE Matd:DRGs GRAL,  Of
codeword | ength six. [0008]" LDPC codes can al so be represented by bipartite
gr aphs, Ea¢h rowm{éle mataphtreprasents a check sum, and each column represents a variable, ¢.g., a bit

or symbol. The LDPC codes described by Gallager are regular, i.e., the parity check matrix H has

constant-weight rows and columns.

[0007) Regular LDPC codes can be extended to form irregular LDPC codes, in which
the weight of rows and columns vary. An irregular LDPC code is specified by degree distribution
polynomials v(x) and ¢(x), which define the variable and check node degree distributions,

respectively. More specifically, the irregular LDPC codes may be defined as follows:

d

¥ imax

v(x)= D vx'
sl , ()
and
dr:max
e(x)= D cx’
/=1 : (2)

where the variables ~ Y™ and ~ ™ are a maximum variable node degree and a check

v.{(c.

node degree, respectively,and 7 /7 represents the fraction of edges emanating from variable
(check) nodes of degree j. While irregular LDPC codes can be more complicated to 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
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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
constrai ns which define the LDPC code. Bit nodes and check nodes are
connected by edges, and a bit node and a check node are said to be

nei ghbors or adjacent if they are connected by an edge. Generally, it is
assunmed that a pair of nodes is connected byodt NepkrtordisgnoggldroumepGO@aTy nfmheG, 2
illustrates a bipartite graph representation of the irregular LDPC code
illustrated in FIG 1. [0010] LDPC codes can be decoded in various ways such

as maj Ofddey - #1@9'1911%%%&9% Grit Q:'H K th&FiRrdpr&eMEERH N oxBRE ARSRrellal NSPC code
By CREAP Rl

structures of thelir pari matri ces, LDPC codes ority-logic
decodabbﬁwdﬂWmﬂdmgﬁlﬂajorlty Ioglc decodlng reqU|res the | east conplexity

[DPC codes wOPRST T o BECPE fingiroltsr BTl BRBG=I eBe O bvif PaphalJF°

mat ri ce¥arfrer Graph,bue Is;ett@beaad@e@lw\ra)ﬁabl%&eamdr bipiicieSC tdrv@p PRk i@ the\bits DPGe
codes), |terat|ve decodi ng_ et hods have received nore attention due to

their b%‘{qeé’Prdp@fiftBer PHhFCst Q/fe}@ﬁ%caélsﬁ#ﬁw%mﬁ nofgepsiesk neggsy garssapse .t'ie;ﬁet ¥gi ¢
decodi ngarﬁﬂ/ El?ercF %s?ramg%?&' mnﬁfsymé%&h%é{&%g YREHSYRRUCS afeROHRIMSlY tO

inprove the re 1ty of eac ase on constraints that specify
t he codedges, mné abitmetle ander elteclonodezane isati@tcdlei nﬁ@hbem@d edj agmk yf thrs@s'e eonohetechiey

out put as nd.gener at rel i.abj out or eac ol . [0011]
Subsequ%%?d eﬂ%g%%ﬂ%ﬁ?$P5$$§Hf?P?§o %P 8“6?‘? e 248 085)3 ?ﬁbols at the
end of eac h[odesqodi NG 12 dustdtan ﬁpﬁti@%@@h&&prbi&:ﬁt&h&n bothe titegule@ UDPC @dat i on.
The decpdin $rocess continues wuntil a stopping condition is satisfied,

fate

aft er wHivewted wfilGakci si ons are made based on the output reliability
measur es of W J?ff@ﬁﬁ%cﬁ% QlnbeldeOftiel P v RBE m;@%ﬁghgﬁad%@f ﬁf@dwo&l the

di fferent es of lability neasures use urlng €ach iterat
iterati va 1¢teator¢|dngochm$ MBdcaimeef twrstipetures of the@padiywhdddmatnices, hBPE apded a¢ on

soft deci5| n, and, h i Sion. a rlt nms,. The cor ndi_n opul ar
2 gor ¢ Mo derdRblse ALPLEn FRioPh s 4t g iy R hERBT R PBRRBRY anc
wei ght egehidvies feasdmabiR@ood MB&)peetaﬁﬂﬁicegor de@sROdoeal pes oBLIPE EidesiviRr i t hns
have been proven to provide maxi mum 3 va-172373 Docket No.: Error! Unknown

docunente zﬁwskyéwfwlfa%welgméen thegaribedisel mariapels-& Haclidra geynety FaRGerd gr aph
I's aCbeﬁo&ctu%@géénEW%[ﬂ@&Hﬁés)E R@ra{w&ecocﬂﬁgﬁkﬁlﬁdgﬁﬁg%c’%ﬂfemd?é) Gi¥ention due to

their better performance versus complexity tradeoffs. Unlike majority-logic decoding, iterative
decoding processes the received symbols recursively to improve the reliability of each symbol based
on constraints that specify the code. In a first iteration, an iterative decoder only uses a channel
output as input, and generates reliability output for each symbol.

[0011] 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 stopping condition is satisfied, after which 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 during 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. Since BP aigorithms have been proven to provide maximum
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[0012] BP for LDPC codes is a type of nessage passing decodi ng. Messages
logs transmtted along the edges of a graph are log-likelihood ratio (LLR)
A associated with variable nodes corresponding to codeword bits. In this
expression pO and P denote the probability that the associated bit val ue
beconmes either a 0 or a 1, respectively. BP decoding generally includes two
steps, a horizontal step and a vertical step. In the horizontal step, each
check node C. sends to each adjacent bit b DackeNeckrdrdinkaown peeseatpeopertyingte. | S
cal cul ated based on all bit-to-check nessages incomng to the check C
except one frombit b . In the verti cal step, each bit node b" sends to

each adl FF.EBd §058#H g VIR e it tr&m‘épg:g ﬁ%g&ﬁe AP h&R Hesomitreyn@t ed based

on all to-bit~ nessages | except one from check
node c- pOﬁ[ﬂmsieccid\mgmetbp@ are repeat ed until a valid codevvord is found or

th i h d. 0013 '
reﬁn?ﬁglblngmp@wg %@eﬂ hﬁ’{’ﬂblﬁgg%sfééga‘rpﬁg‘ rq%§sIag Pﬂsﬁlp ausg\é Sag‘i?e anmong t he
best for many applications. Various irregular LDPC c dpas have been accept ed
% Do SRR e s KERRRHR pRAOHBA T80 Wy LR P RS0 ThE B S5 b?%c“

t hreshol d, of an LDPC code is deflntﬂ as the s Ile§; SNR val ue at V\/ﬂ]
the codBYS® QoTesAgIding @rradewerdibits Iy this cxprsesion ¢ apd &/ dralp Hisinrehab!lity thahige made

ar bi t akhifadBh valud BeomkALhRerafo &rwleﬁéagéeavag BP deBFinE BRI dIRIIBL ST M ned

by anal ytical tool called density evolution 00151 The concépt of density

| ut Kt I d h
per  or Mg s"‘?““?%’é‘l’% SELE A @‘Erh%ﬁ%%ﬁ%% b ek nbfle | s BAM Oach"®
out put beac ion as ER at the

begy nni AUTGT Che PEBR PR M ""w SRR Bhsed o e BBFGBER AEHER ot &

given iteratio accontinuous al phgbet, the calculation i
conpl ex NCRINEIP Hl?anF‘Flﬁ ty ed‘é‘?ﬁl"f‘?/%f’ﬁ‘rm‘tl "on8 “ﬁ%ﬂm%"‘TStSP elaﬂeb‘lt)EP‘i?eef" ??Bgss'ﬁges

exchanged between bit apd check nodes need to be cal cul ated from one
i terat i 83htadiacens chaskmodeny atifetopheskagessagervlioh is calgulatadthapesk anoil digek-toebit

derived based on these pdf ,s. In both check nodg processing and bit node 4
va- 17237@5@@6%@%8 to the bidr v ebslrﬁphonmfr@m@bﬂffémodpr bpdihese tmarsteps pregepssidng,
ncomn i,ef messages. For

gagﬂegﬁt hgf: 0 eg?lr ggssfgl?]%goéctﬁ Wﬁ%léﬁlﬁﬂél? e§8 1gteer‘r’"lfmé g%reﬁghegXpr essed by a

function Of @o13]1 | Beedlis®df its remarkable performance with BP decoding, irregular LDPC codes
are among the best for many applications. Various irregular LDPC codes have been accepted or
being considered for various communication and storage standards, such as DVB-S2/DAB, wireline
ADSL, IEEE 802.11n, and IEEE 802.16.

[0014] The threshold of an LDPC code is defined as the smallest SNR value at which, as
the codeword length tends to infinity, the bit error probability can be made arbitrarily small. The
value of threshold of an LDPC code can be determined by analytical tool called density evolution.

[0015] The concept of density evolution can also be traced back to Gallager’s results.
To determine the performance of BF decoding, Gallager derived formulas to calculate the output
BER for each iteration as a function of the input BER at the beginning of the iteration, and then
iteratively calculated the BER 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
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messages, U=F (V, V2 ,..., Vdr-1 where F denotes the check node
processing function which is determned fromBP decoding. Simlarly, for
bit node of degree d each outgoing nessage V can be expressed by a function
of d -1 incom ng nessages and the channel belief message UCh V = FV
(Uch,U,U2,...,Ud -1 where 1 denotes the bit node processing function.

Al t hough for both check and bit node processing, the pdf of an outgoing
nmessage can be derived based on the pdf s obodkaBenirng \iIkegadesnentpapera ngieven
decoding algorithm there nmay exist an exponentially |arge nunber of

possi ble formats of incom ng nessages. Therefore the process of density

evol ut L@%c&gﬁgseai:ﬂ%ﬁtg&igggél?ef e%agﬁﬁigbésltilonﬁt{ inclaﬂ‘ﬁnéjifeﬁfgf H]Ié%\égé}h%:glf ﬁr g}%tckf or a

gi ven nessage-passin orit anne sone

conditions are satfisfied. then the decoding BER.|s i-ndependentiof the
Cranom (ERdT SRarEE e ot Oy rbPE Mes e Lo et R SE &7 e eEPF P ass et ¢ ne
decodi ngeBSkRsof all-zero transmtted sequence x =1 is equal to that of any

random y chosen sequence, thus the derivation of density evolution can be

conside{?bkyféwzﬁlufiqq.LThe ymretry conditions required by efficient
density evol uti‘ort’ar®’ " Chehnbl  symetry, check node symmetry, and bit node
symmetry. Anot her assunption for the density evolution is that the Tanner

graph is cychh&e ff‘?c@%@Q@é&%ﬁ&&ﬁ&&%%@%ﬁégL&g@%&érm&d fioaeppncomn ng

nmessages to bit and chec eln thus the derivation

for the . Of u ' si.c i 014 i ifl.ed.. For
many L Dg%gglg g‘eg }n\?m?atrﬁ’ %Jrg gk{ﬁ ?%%?F |e§%§r es ?As} h 12)tﬁ ﬁé%%g?érjsg%ggo né‘/lmn%e %#ﬁgeép % raap h
contain cycles.—Mhen .the mininumlength of .a cycletfor girth) in a Tanner
oraph ofngin gl o dRemIBE ik Y hsdhinn ReicT iR e hendence. assumpt i on
does not hgl&;ai&er tre 1-th degodiRg iteration with the standard BP
decodi nd. cht I:Jjébven gendtion nunber, as the code |ength

i ncreases, the 5 va-172373 Docket No.: Error! Unknown document property
name. independenge condition is satisfied for an increasing iteration

nunber . Ther Whege e " denogesdlanbif ngde nsQessing Binctinne diithonsh fu bath shseloanddbit node
per f or b, /Y ft’lﬁ%ﬁ% f{}J]QE’ CONESdGREd biRd o N RIrAldrn EQades 1N
t he seﬂggﬁﬁ?lgbgep ength.ﬁfg% E%eb%? mappi ng scﬁene S puﬁﬁ%ﬂﬁg ora ow
densi t yfopamgiven detralilg a14DRG), areoakedxist an exponentially large number of possible formats

of incoming messages. Therefore the process of density evolution seems intractable. Fortunately, it

has been proven in that for a given message-passing algorithm and noisy channel, if some symmetry

conditions are satisfied, then the decoding BER is independent of the transmitted sequence ¥ . That

is to say, with the symmetry assumptions, the decoding BER of all-zero transmitted sequence * = I
is equal to that of any randomly chosen sequence, thus the derivation of density evolution can be
considerably simplified. The symmetry conditions required by efficient density evolution are
channel symmetry, check node symmetry, and bit node symmetry. Another assumption for the
density evolution is that the Tanner graph is cyclic free.

[0016] According to these assumptions, the incoming messages to bit and check nodes
are independent, and thus the derivation for the pdf of the outgoing messages can be considerably
simplified. For many LDPC codes with practical interests, the corresponding 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
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bits in 32APSK nodul ati on systens. The disclosed bit nmappi ng schenme provides
good threshold of LDPC codes. Furthernore the bit mappi ng schene can
facilitate design of interleaving arrangenent in 32APSK nodul ati on system
[0018] To propose a bit nmappi ng approach for LDPC coded 32APSK systens. The
di scl osed bit mapping offers good performance of LDPC coded 32APSK system
and sinplifies interleaving arrangenent in 32APSK systens. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0019] The pr eséntetNpyEmr| igknang dgchmeyirqpertyagmeyy
way of exanple, and not by way of I|imtation, in the figures of the
correspondi ng drawi ngs and in which |ike reference nunerals refer to

st i | ar i R RIHRENCS cBRflibis MK bORARdI itcfaioR nmBas. I Tir ROk BB X

representation of an exenplary Irregular code of codeword |ength six.
[ 00211 Fyaiption prediels theaspaptatip ppriormance @maphserré)@ eiddPR@rodss and thefiesyimmtasiglil ar

LDPC cogﬁglz&%ktﬁ%%é?ggéorae p 1 100221 FIG 3 illustrates the bit mapping

bl ock in ation, ccordlng to various enbodi nents of the

i nventi on. [[m)m]] FlaGoit Alab;blhglsdhkmbé@pravhed foirdgw Hertsity pAR$iKhesknDOIPC) aswdedi ng
ments, of the invent 00241 FI G 5 depicts

. |
f:gn¥r3 L: DS inghar ggﬁ@ﬂlmnéwstérﬁﬁ|wglse|9(§% E@a%@n%?ﬁmsﬂ sreaed '3%?5@5)3”? -
accor di PYHPLLUA. FRdRerRORAA: H?Hﬁﬁ%lﬁ%séﬂéﬁle cgﬂ%ilitﬁg dei@p@ﬁheﬁ&@m@arﬁﬁg&ﬁéﬂ% an

exenpl ary transmtter enploying modul ation i n , according to
var i ous iefRAdthikmenddatgdn Styhf@!m nvent i on. 6 va- 172373 Docket No.: Error!

Unknown docu@g@ Pr C’}%erﬁg ost'd a[pgﬁl ) prgac foZLsﬁelc%Elgd ?fAlegi@%}g» e% YTh ecel ver

enpl oyi ng 32 deno e on | ™ accordi o varil enbodi ment s

of the ursvlemdlmmawg%fﬁegmmmmo@nm&ammmism sRapléefiesi ng to
t he accorrpgﬁyl ng draw ngs, .a det al | ed description will be given of
exenpl atfer E'&Eéﬂaltﬁep’eﬁta‘ﬁﬁgﬁg #&8& using LDPC codes according to various

enbodi nents of

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 the bit mapping block in 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.
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the invention. [0028] Although the invention is described wth respect to
LDPC codes, it is recognized that the bit mappi ng approach can be utilized
with other codes. Furthernore, it is recognized that this approach can be

i npl enented with uncoded systens. [0029] FIG 5 is a diagramof a

comuni cati ons system enpl oyi ng LDPC codes with 32APSK nodul ati on,
according to an enbodi nent of the present invention. A communications
systemincludes a transmtter 501 whi ch genesadss: Bragriaknowadein@nipeopathoss a
conmuni cation channel 502 to a receiver 503. The transmtter 501 contains a
message source producing a discrete set of possible nessages. Each of these

nmessages cor ond ! : A - Ch | 502
and are corr(B78q oo s pRERpREecdUF SHRNEH AL PP HLLRoh IRiGHAPRE
di st ur bancexdingts vatiome dmbyditieatsoliteristenbO2 and a 32APSK nodul ati on schene is

enployed to transform LDPC encoded bits to signal waveforns. [0030] FIG 6
depicts an exenplary transmtter in the comunications systemof FIG 5

whi ch enpl oys LDPC codgseaad Fi2BESKrRmPAoNOFOMHE INeENDPRSyencoder 602 encodes
information bits fromsource 601 into LDPC codewords. The nmapping from each

information block to each LDPC codeword is specified by the parity check
matrix (or eg@uhal e . . | ) . o C
codeword is @ﬂ%ﬁn egélgé‘.llliaér}g t%%ﬁf’@%%& "o é\%%ﬁ%la%\?\gygcfg%sﬁﬁl@sg tmhbee g{l\?enlg?P

i nt er | eexcarplarp drdodédbit 6138pibg sethodn ugin@PBPCSKobéstacompimigng vaddus embodihess ofi gnal
wav ef orﬁls. are sent to a transmt antenna 604 and propagated to a receiver
shown i HeEPEMeN [0031] FIG 7 depicts an exenplary receiver in FIG 5 which

enpl oys LDPGoogsies alflougd AP RieAlesitid dbatinsd with BRpdct WAVDPOcHBesait & re@pRizv€d by
the receivi ng. antenna 701 and distributed to denodul ator/deinter|eavor 702.
H

Si gnal thavte bitmapaing agereachudasbe dtibseddeitfbetheraodes. divathgrmayg,.-it i perpgnipgtikat:  No. :

Error! L ri: i.nterl eaved by deinterl eavor and

t hen di &%%%8@9%%%@%%P§c® elr#]{%gg? 536%‘%"‘3‘% iteratively decodes the

recei ved nes@fig¥s ahiG.duispuliagesit bfmtonmnsniodtiohk eystenaaraploying d. DiR§Hendes with The

32APSK ul gtion rul e enployed by the.denodul ator/.dei nter| eaver, 702

Shoul d AN g aPeT: SESREERYS FUROdTEN Of (e SHi By SOty ACREmCations

i nterl eqsetd mBRINEH RdnsRRer sbg%feﬁ gBrGaesiinth] WavdBFhPMsoB RRAMnRRaEoP! t he
e

invention, as shown in FIG 3, ] . . )
channel 502 to a receiver 503. The transmitter 501 contains a message source producing a discrete

set of possible messages. Each of these messages corresponds a signal waveform. The waveforms
enter the channel 502 and are corrupted by noise. LDPC codes are employed to reduce the
disturbances introduced by the channel 502 and a 32APSK modulation scheme is employed to
transform LDPC encoded bits to signal waveforms.

[0030] FIG. 6 depicts an exemplary transmitter in the communications system of FIG. 5
which employs LDPC codes and 32APSK modulation. The LDPC encoder 602 encodes
information bits from source 601 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 603 based on a 32APSK bit mapping scheme. These signal waveforms
are sent to a transmit antenna 604 and propagated to a receiver shown in FIG. 7.

[0031] FIG. 7 depicts an exemplary receiver in FIG. 5 which employs LDPC codes and
32APSK demodulator. Signal waveforms are received by the receiving antenna 701 and distributed

to demodulator/deinterleavor 702. Signal waveforms are demodulated by demodulator and

va-172373



32APSK bit-to-synbol mapping circuit may utilize five bits (b5i, b5i+],

b5i +2, bb5i +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 enbodi nents of the invention is defined as
follows: 8 va-172373 Docket No.: Error! Unknown docunent property nane.
(R2 cos(n/ 4), R sin(n/ 4)), (b5 , b51,1 b,,+2 , bs,+3 , bs, +4) =

(0, 0, 0,0, 0) ( RZCOS( n/ 12) , R2si n( n/ 12)) , Docket No.: Error! Unknown document property name.
(b5nbs,+"bs,+2,b5,+3,b5,+4)=(0,0,0,0,1) (R3cos(n/8),R3sin(n/8)), (b5"b5, +i,
b5, +2, b5, +3, b5, +4) =(0, 0,0, 1,0) (R3,0),

(b5nb5, déaﬁtef'ré’avbébsraed@érlé&bré&h Be® dibirtblited ¢68 SOP(Ndckder R8T QI itedatively

(b5"bs, +vb5, +2, b5, +3, bs, +4) =(0,0, 1,0, 0) (Rlcos(n/4),Rlsin(n/ 4

(bs, , bsdecpBss thoraseivabmpssages and guiputiesgmagions(ofths trﬁ(nﬁmgyedmgéwrﬁ/ @9 32APSK

S g g 7 by IEEOR B A e

(b5" b5, motElatich, ok, endylfed-b4 )bt Dictlevedn@)ulatdRBOBS (7i /12), - R2si n(7r/ 12)), (b5,

. b,,+ b5, 3, b5, 1,0,0,1 / 4
(b5" b;, i, b;ﬁ’ﬂgﬂ b $§°f§@)gléx %’Sfm@"%"@’ ?&‘é’ég‘éﬁ‘f’% as 5‘3@%‘? H’(‘%#"’e)“’)the
(b5" b5, mP%bﬁ%J@yﬁnb‘& H%E‘F@crr(:ﬁh %a?utlhi%ﬂve(ﬁg%lbfﬁ(lﬁﬂli?)bSH@zBﬁsﬁ sk 2d)each

(bs"bs, + (Ricos n/4% R S|n(n/4))
(b5" b5, merbsom@d rb@ thgnbwo P iela;e anda @ ve ue( ith g, )], 2,(.bs Tha bit- mapping logic is

) (bSO RHCH, Thetih éﬂ*%%oﬁ%b)varl%ﬁ%oﬁ e G by s R 0y )
(b5" b5, fdllobs, +2, b5, +3, b5, +4)=(1,0,0,0,0) (-R2cos(n/12),R2sin(n/12)),

(b5" b5, +vb5, +2, b5, +3, b5, +4) =( 1, O, 0 0 1) (-R3 cos(n/4),R3 sin(n/4)), (b5,
bs, +i, bs, +vbs, +3, b5, +4) = (1,0,0,1,0) (-R3 cos(n / 8), R3 sin(rr / 8)),

(bs"b,,+" b51,2 bs,+3, b,,+4) = (1 0 0,1,1) (-R2sin(n/12),R2cos(n/12)),
(b5" b5, +i, b5, +2, b5, +3, b5, +4) (1 0 0,0) (-Rcos(n/4),R sin(n/4)),

(b5" b5, +" b5 +2 5 b5, +3, b5, +4) =(1 1 0 1) (0,R3),

(b5"be, +"b5, +2, b5, +3, b5, +4) =(1,0, 1, 1, 0)
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(-
(-R2 cos(n/4);

(-R2cos(n/12), -
cos(n / 8),-
(-R3,0), (bs"bs,
/[ 12)), (b5, b5,
sin(n/4)), (bs"b
cos(2r / 8)), (b
cos(n/4),-R3 sin
va- 172373 Docket
According to var
FIG 4 may use ¢
adj acent synbol s
that given an LDOPC
best threshol d.

order based on t
channel. This af
32APSK system [0
of exanples of p
ot her adapt ati on
of the inventionl
cover all such v
and scope of the
docunent propertly
32APSK system th
transmtter; and

R3 s

(1,00 = )

R3sin(7r/8), R3cos(n/8)),
R2 sin(n/4)),
R2sin(n/12)),

(b5, ,bs,+, , b5, +2,b5, +3,b5,+4)=(1,0,1,1,1)
(b5, , b5, +i, b5, +2, b5, +3, b5, +4)=(1, 1, 0, 0, 0)
(b5, , b5, +"bs, +2, b3, +3, bs, +4) (1,1,0,0,1) (-R3
in(n/ 8)), (bs" bs,+,,bs,+2, bs,+3 , bs,+4) = (1,1,0,1,0)
+"bs+2, bs, +3, bs, +4)=(1,1,0,1,1) (-R2 sin(n / 12),-R2 cos(n
+i , bs,+2, bs,+3, b5, +4) =(1,1,1,0,0) (-R <cos(n/4),-R
s, +,, bs, +2, bs, +3, bs, +4) _ ( Dockst Ko OErioy! UnkroRB d@emeftpropers nameR3
5, bs,+" b5,+2, bs,+3, bs,+4) _ (1,1,1,1,0) (-RB
(n/4)), (bs" b,,+ bs, +2, bs, +3, bs, +4) (2,1,1,1,1)

n perty n 0331
Nﬁgcgﬁg/g ﬁ% érﬁﬁpthg éﬁ?w% Hﬂthé bﬁﬁ%ﬁﬁ%g%ng schene of
r &5, srafpiladl Rpkinty lﬁﬁans{b;; e, thsnaby., rleppes@i&d.ions of

9

di# f bi Density evwpl yti | ysis shows
m chfé(éﬁ %ﬁ%&é[ﬂ (B béi)}rﬁs’ﬁzaxib” B ? Mb @g(g)n provi de the
The bit 19|)=ng schene (Bffr bﬁhésw#bab we)r‘r %‘éb bit in an

heRvSa;h(wemsz d:cﬁgﬂlrzbggal i(hood, 1t .o, f rbg,m)eo@mmm @at i ons

h d h f
CRTBE T IRA IS, e A S0 L A TSE R0 schere for

reffé,rsrl‘éd / S)eﬁi)M(m@h}as 1, b5 » ltsaz,lb&stﬁaddr%t%bul Q)hat vari ous

S maypbe, mage i thim t r|t and scope
K%S;Wu %Mmﬁ) y(bfjjebéé“gs”f bfﬁ‘ ALD o’llergpl lainms to P
anrt'a

S@ﬁgi)ar% S%H?ﬂ Cat(g@ﬁwa%wnéme%it £ tolfﬁzg)t rue spirit

i Ry\eestri/ o2),— nzam(xam;yze(z;s bl;)gc;bgq; bg\lg b, pr= @10, (bJr)knovvn
HCALCEIRIT A Sl ‘#3" Bty ﬁg = {ﬁf .pS'nQF’  Hom a
r(ds eps(F N, ~tlhélrtﬂﬂg$)ﬂ,al @i, gnal bat.ba.5 el =vé(},1 0 1 1)
(R, sin(w/12),—R, cos(m /12)}, (bg;,D4,,1,05,.5:06,035 05,4 = (0,1,1,0,0)
(R, cos(m/4),—R, sin(zm/4)), (b, B5101505,12: 05,03, 05,4 ) = (0,1,1,0,1)
(0,-R,), (bsi ’ b5,+1 s b51+2 sbs:+3 > bs:+4) = (0,L,1,1,0})
(Rs SiI‘l(JT/S),—R3 cos(r /8)), (bsx :b5,+1 ’b5i+2 9b§:‘+3’b5i+4) =(0,LLL1)
(=R, cos(zm/4), R, sin{z/4)), (by,,bs,:0502,05.3,05,.4) = (1,0,0,0,0)
(—R, cos(m /12), R, sin(7 /12)),  (bs,,bs,.1.05,07 05,01, 04,04 ) = (1,0,0,0,1)
(—Rycos(w/4),Rysin(m/4)),  (bs,, 05115050005 05103, 05,04 ) = (1,0,0,1,0)
(—R, cos(7/8),R,sin(x/8)),  (bs,,b =(1,0,0,1,)

FE R TN -] b51+2 ? b5f+3 ? b5f+4)
(=R, sin(z/12), R, cos(z /12)),  (by,,b5,,15b5,,5,5b5,.5. b5, ) = (1,0,1,0,0)
(=R, cos(z/4), R, sin( / 4)),

(bsnbsm ’ bsnz sbs:+3 absm) = (1,0,1,0,1}
(0,R,), b

(bSI =b5r'+l 2542 b51+3 ’ b5f+4 ) - (]30315130)
(R, sin(z/8), R, cos(m /8)),  (BysBs,i1sbsiigsBsiinrberna) = (LO11)
(=R, cos(x /4),—R, sin{z / 4)),

(bSJ 2 b5r+] H b5f+2 s b5i+3 b b5:+4 ) = (1,1,0,0,0)
(—R, cos(z /12),~R, sin(x/12)),

(b2 b1 b5i+25b5:’+3’b5i+4) =(L1L0,0,1)
(=R, cos(z /8),~R, sin(r /8)), (€290 JR . FRPRN .0, ) =1(11,0,1,0)
(_R3 !0)3

(bir"bSHl ’ 5r+2!b5|+3!b5;+4) = (1;1:051:1)
(=R, sin(z /12),~R, cos(7 /12)),  (bs;,b5,115D5.02> 05143, 85,04) = (1L1,1,0,0)
(—R, cos(r /4),—R, sin(n/4)),

(b5| ’b5f+1 ’ 5f+2’b5i+3 !b5i+4) =(LLL0,1)
(—R, sin(7r / 8),— R, cos(x / 8)),

va-172373

b
(b5l ’b5r+1’b5:+2’b5;‘+3abs;+4) = (LL1,1,0)
(=R, cos(m /4),—R3 sin(z/ 4)), (bs,.,bsl.ﬂ, 51+25b51+3’b5i+4) = (L,L,L,1,D)



wherein the digital signal utilizes a 32APSK system and the signal is
bit-mapped prior to the transmtting according to the follow ng fornmul a:

(R, cos(u/4), R sins/ 4)), (b,,, b,,.,, b,,,,, b,,.,, b,,,,)=(0,0,0,0,0)
(R, cos(or /12), R sin(x / 12)), (b, b,,.,. b,,,,, b,,,, b,,,,) =
(0,0,0,0,1) (R3 cos(n/ 8), R sin(,r/8)), (b,,, b,,,,, b,.,,, b,,,3 b,,.,)

= (0,0,0,1,0) (R,0), =(0,0,0,1,1) (R sin(>c/12), R cos(al12)),
(0,0,1,0,0) (R cos(n 14), R sin(>c /4)), DfcketNo.: Hyrer! Unknojyn document property name.

b, ., b,.,)=(0,0,1,0,1) (R sin(n/ 8, R eos(rr / 8)), (b,.. b,,,, b, ..,
b,,.,, b ,)(0,0,1,1,0) (R cos(> / 4), R sin(u/4)), (b,,, b,., b,,.,,
b, ..., [1\0693]0 1A%col’élm anrfb@é%lﬂbéalmeﬁs o?ih@(nWeﬂbbn tlgéjbit mi ping scheme of

b ,,,,, b ,,,,, ) 6 R, cos ) 9

( b1 , arranggnent fsrnﬁjllﬁ’es tl‘Q desr;n bt ﬁterﬁ:ﬁ)ﬁb Echbrré}"or ﬁAP%Kﬂs( Efn 4)), ( b1 b, ...,

b,,, ,,,,, R, cos R, sin(n /12)), (b b,,,,
b,,,., b, . ,[,003)4] 4)\ltl:w§mgh0h®m®¢m)on h(as mencﬁbsc(nb,ed hy theR@aysifregannple) pf preferred

E g’ embodgrheri'ts it 18 id be uﬁdﬁr‘stc}ob]ﬂe% ’v61’ %}J %}kf)r bda(Rp’ta&%gi; élt(%lg?(ll%%ﬁtﬁné Brsa%r bg: }rﬁ 8)).
(b, b w1thm th, spirit,ald scopcbbf the, 1)1ve(niroﬁ) Theff8p, it (stht o @c&@fﬂ'(e appendd cBinf ts / 4) )
(b,’ b ,,,,, bv. 3, bvl4) —é 1, 011) (-R3 sin 8), .R cos{a / 8%)

(b, bvcovebgll gych Bgr,la}tl,o,ns Bnd mo @cﬁloné 5§%qﬁr;re \g()thm ﬁre tgt,lerrv(p,rfrt/agji)scope of the invention.
(b,,,b ,,,,, b,,,,, b,,,,, ,)(1,1,0,0,0) (-R <cos(a/ 12),-R sin(n /
12)), (b,,,b,,,,, b,,,,, b ,,,,, b, 4( R3 cos(n/8),-R sin(,r/8)), (-R30),
(b,,,b,,.,, b,,.3, b,,,,, b, )—(11 0,1,1) (-Rsin(a/l1l2),-R cos(all2)),
(bm bs. nbmabv3b ) (11100)

10
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(-R, cos(u /4)
(-R sin(a/8),-R cos(,r/8)
(-R3cos(a/4),-R sin(al4)),
RlL is a radius of an inner
R3 is a radius of an outer
docunent property nane.

(b,"b,,,"b,,,,,b,,, 3,b,,.4)=(1,1,1,0,1)

, (b,,,b,,,,, b,,,,,bru, b,,,4) =(1,1,1,1,0)
(6,,,6 ,b,,,,,6,,,3, b,,,,)=(1,111,1) wherein
ring, R2 is a radius of an internediate ring and
ring. Il va-172373 Docket No.: Error! Unknown
2. The nethod of claim1l1, wherein an FEC code is
used. 3. A digital comrunication system CoOmpdkétSbNEFror! Ekboiva Biihehd pedperty@ame.
transmt a digital signal; wherein the digital signal utilizes a 32APSK
systemw th FEC coding, and the signal is bit- nmapped using gray mapping,
and bits of the digital signal are Orgféﬁg based on the values of a | og

l'i keli hood ratio froma conmuni cation %nel. 4. The nmethod of claim3,

,-R, sin(u/4)),
)

wherein the FEC code is regular LDPC code. 5. The nethod of claim 3,

wher ei nWehailEC code is irregular LDPC code. 6. The method of claim 3,
wherein the FEC code is regul ar repeat-accunul ate code. 7. The nethod of
claim3 wherein the FEC code is irregular repeat-accunmul ate code. 12

va- 172373 DogkgtmdMud oftBit @égpidd ik Ao PARCYEBIML the it donipiilg: 8. A digital
communi cations system conprising: a transmitter to nDduIate at | east one
mappi ng gr oupa3aNtting a tignal Hipdad oS traneitted; and5i +2,  bS5i +3, b5i+4), for i=0,
1,

to 32APSK synbol s based on fornula: (R, cos(,

s ey r/4),R sin(rr/4)),
(b,,, ,,+nbnﬁ@m@pgﬂsubgﬁ&4mmﬂen@rﬂﬁbﬁﬁ) (R cos(2r/12),R sin(,r/12)),

(b ,,+ub,,+2 b, 4)=(0,0,0,0,1) (R cos(2r/8),R sin(2r/8)),

(b, nb, , +nbv +wberem3hq3d1g¢ai)stgngl lgllgeq_a &A%% syjem, @hd ﬁ'leb;ggngl ispit-papped prlqugo

b, 0, 1) R S|n82 12), R c?s(n/12))

(b ransrmmﬂ&a&c%d 8&9“{6 Powing fesnula: cos(2r/4), R sin(rr/4)),

(b , , +nbm+2 b, , +3 b, , +4) (0 O(RZ:EDS(GM)HQ sin(#/4)), (b, by, Bz Do SM) (0,0,0,0,0%

b, cos(r /123, &, sin(r/12)),
{R, cos{w/8), R, sin({x /8)),

by b5 By bsm b)) =(0,00,01)
(bs.r bsm bs 27 by bS.‘M): (0,0,0,1,0)

(.60 =

(R,0),

(R, sin{x /12), R, cos{m /12)),
(R, cos(x/4), R sin(x/4)),
(R, sin(z/ 8}, R; cos( /8)),
(R, cos{z /4), R, sin(rx / 4)),

(R, cos(m/4),~R, sin(x/4)),

(R, cos{z/12)~R, sin{m /12)),

(R, cos(x/4)~R, sin{xw/4)),

(R, cos{(m /8),- R, sin{x /8}),
(R, sin{x/12),—R, cos{m /12}),
(R, cos{(r /4),~R, sin(x /4}),
(©-R,),

(R, sin(z /8),—R, cos(x /8)),
{~R; cos(m/4), R, sin(# / 4)),

(—R;sin{z /12), R, cos( /12}),
{—R cos(mw/4), R, sin{x/4)),
(0, Ry),

(—R, sin{x /8), R, cos({x /8)),
(-R, cos(x/4),-R, sin(x/4)),
(-R; cos(n/12),—R, sin(x /12)),
(=R, cos(m/8),—-R, sin(x/8)),
(_R.\ ,0),

(=R, stn{7/12),-R, cos{z /12}),
(—R, cos(x /4),-R, sin{x / 4)),
(—&, sin{xz /8),—R, cos{x /8)),
(—R, cos(/4),—R, sin{x/4)),

(b HbSuI’bi 420 bsn] sru) =(0,0,0.1)
(bsnbmlsbsuz 'E’: 41 s-+4) =(0,0,L,0,0)
(bsfvb5f+1abs.uz 85108541 = (0,0,1,0.1)
(b_'u':bsm ’bild bim > srw) = (U,O,U,D)
(bstvbsm bsuz bs uvbs.u) ={(0,0.1,1.1)
(B, bs 10 Usiaze b3 bsa) = (010,00
(b5, b3y, B sz Psinz s by, 1=(01001)
(b, N rbsrmbsm) =(0,1,0,1,0)
(by,. 8., -bmz’bsmsbsm }=(00.011)
(bsx . binl ’bsrﬂ 2 bsm - bs.+4 )=(0,110,0)
(&, b:mn Bysbyn b, ) = (01101
(b sr+| bsupbms»bsm) =(0,1,1,1,0)

by nbsr bsiczn by, b ) = (QLLLID)

( LI bSHI b5I+2 bSt 3 5!04) (l 0 0 D 0)

(-R;cos(z/12), Ry sin(w /12)). (b bt Bsiaz By 8,00 3 = (10,0.0.1)
(—R,cos(m/4), R,sin(x/4)),  (b.b,, b0 B0. 5. =(1,0,0,1,0)
(=R, cos{x /8), R, sin(x/8}), (B b 501005003085, ) = (LOGLY)

u’s;’bsm-bsnhbs.nsbsnn) =(1.0,10,0)
(b, bsiy Buins be s By, ) = (LGL0TY
(b, nbsnl:bsuz»bsu}abs,m) =(1,0,LL0)
(bs. sbsm ,bsnszs.u‘bmm )= (],O,],],l)
(B by By o by By ) = (11,0,0,0)
(bsysbginrnbsiny  Boin By ) = (L1001
(bys by 13 By aa By B a ) = (LLOLO)
(bsfsbsm byzs bsHs s.u) =(L10,L1)
by by, Bz bynn b5 )= (111.0.0)
{bs. bsm bst bs P = (LLLo.0
(bsnbsm !bSHZ!bﬁn.\’bi-M) = (111,10}
(B by byiann bgian byyy = LLLLD)

341

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.

va-172373
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(R sin(a/8),R cos(n/8)), (b,,b,,+nb,,42,b,,4,,b,,44)=(0,0,1,1,0)

(R cos(a/4),R sin(2r/4)), (b,, ,bs+ob,,+,, b,,+3,b,,+4)=(0,0,1,1,1) (R2
cos(2r/4),-R2 sin(n/4)), (b,;, ,,.nbs 2, bs, +3, bs; +4) =(0,1,0,0,0)

(R cos(n/12),-R sin(rr/12)), (b,,, b,,.,, b,,+2,b,,+3, b,1+4)=(0,1,0,0,1)
(R cos(2r/4),-R sin(2r/4)), (b,,b,, ,b,,+2, b,,43,b,,+4)=(0,1,0,1,0) (R3
cos(vr /8),-R sin(r /8)), (b,, ,b,,+ ,b,,42, b,,4,,b,,+4)=(0,1,0,1,1)

(R ysin(rr/12),-R2cos(,r/12)), (b5nb5, 4, b, , +Dbckd Bo.pErrerYnka®p Aocdme@t [@Iperty(nine.
cos()r /4),-R, sin(7r/4)), (b, ,b,,,,,b,,+2,b,,+3,b,,14)=(0,1,1,0,1)
((J3,-R3), (bs;,b,,4,b,,42,b,,43,b,,44)=(0,1,1,1,0)

R, 2r/ 8 , +4 0,1,1,1,1
57( ;5') n(q:’)))_z(ﬁr%:ﬁ’igtgng? ogél%mimherggl’aﬁfﬁc cﬁ&??'\ﬁe ? | -(, i %), 43, bmed)

=(1,0,0,0,0) ( ,,b,,+nb,,+2

b, +3, b, +4)" A%%%%Sé@%@m%i@ tg:tS A “S&% sin(ar/4)), (bsnbs,+vb,,+2, bs+3,
b, 44) —(1 Oaﬁaﬁsnﬂﬂtertétraﬂ%mlﬁﬁ)ﬂ%itﬁl dignd), R 5' n(n/ 8)),

(b,,, ,,+"b,,+2,b,,+, ,b,,+4)=(1,0,0,1,1) -R2 sin(n/ 12), R2 cos(x / 12)),
, bs, + | Bhertinlihe digitalzigndBitilized 4 3DARSK sﬁk)em vitR FEias¢oding, dnd tRe siigndliis bigt) ) ,

,nb,,+nb,,+2 b,,43,b,44)=(1,0,1,0,1) (0, R ), (b,,b5 nb,,+2,

, +3, bBapaedsing@rdy, maping, @ncRb@ cpf(t}Zer ¢1g§tal|§1gn@b(rﬂb@eyed based on the values of a log
,,b,,4_b 4,,b,,4,,b,,44)—(10111? (-R, cos(,r / 4),-R2 sin(n/ 4)),
. bsikelhood (aig-fom p commpnications thayingl. 0) (- R cos(2r/12) - R2sin(n/ 12)),
,,.0,,+, ,b,,+2, b,,+3,b,,+4)=(1,1, 0,0, 1) (-R, cos(a/8); R sin(rr/8)),

,b,;+vb, , 42, Db,,+3, b,, +4) (110 @é
'b. , 4, bv+. bhe mgthed oiiglpisg 3, \lhememtlﬁ)FEQ d$ Wgalﬁnhg)PCR?éﬁs(Zr/M)),
b, , ,,b,,+2 b,,1,,b,,+4)=(1,1,1,0,0) (-Rcos(n/4),-Rsin(rr/4)),
b,,+,,b,,+vb,, +, ,b,, +4) (11101) (-R sin(w8),-R cos(2r/8)), (b,,
, +n b, , +, 5bTheétmethod 483lainf 3, iheleit 1) FEQ edd@dosfeghidy LDRCsiod¢.n/ 4) ),
bs" b, , +" bv+2 bs+3, bv+4 wherein R is a radius of an inner ring, RR is a
radius of an internediate ring, and R, is a radius of an outer ring. 13

va- 172373 6. The method of claim 3, wherein the FEC code is regular repeat-accumulate code.

UCTCTCTUCTCTO' [==)

(
(
b,
(
(
(
(
(
(
(
(

7. The method of claim 3 wherein the FEC code is irregular repeat-accumulate code.
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Docket No.: Error! Unknown document property nane. 9. A digital

communi cations system conprising: a receiver to denodul ate at | east one
mappi ng 32APSK synbol to an estimating nmessage group having five bits (b5i,
b5i +1, b5i +2, bb5i +3, b5i+4), for r=0, 1, 2, ...., based on a 32APSK

constell ation specification: (R cos(n/4),Rsin(n/4)), (b5nbv+"b,,,vbs, +3 I
b5114)=(0,0,0,0,0) (R, cos(n/12),Rz sin(n/12)), (bs;, bv+i, bv,v b5, +vbsl4)
=(0,0,0,0,1) (R, cos(n/8),R sin(n/8)), Docket No.: Error! Unknown document property name.
(bs"b,,,ub5,+,,bs,,nb,,+4)=(0,0,0,1,0) (R ,0),

(b5abs, +ub, , +" b5, a, b51+4)=(0,0,0,1,1) (R sin(n/12),R cos(n/12)),

(b,,, batubs, g2 cos(n/ 4), R sin(n /4)),

(b. "bs, +u bvvaAE@“’al p""%‘ﬁéa"’?‘og‘%’gbé’igﬁi% ‘S‘E’%% R sin(n/8),R cos(n/8)),

(b, .- bv+ubs al-krartsmn;[qrbq medlate(ad |e@stong nGipping @;oupd:s(ringzﬁ)/f: Rits (bd(.i05491) b5itB, |

h,,+,, 1 sin(n /4 b,i,b,,+n
b, +v b} ?‘*3 +h§,‘f4)’ f"S PO(P’lé)O 0%%@“’(#@‘3’6@? %baf’edl‘ﬁ'i f"“ﬁ“‘ 5i n§n / )1)2))( (b, ,.
?b, el b”b . DS,k §cos(rrb4)m+fﬂor(@»1(95,,95;+.1bl+2 bLBbSHQQS%@%gO), RR si ?(n; 48)
snbs+nb, , +z, byy . Oy C@S(y sin(n
(b,,.b,, +vbv+z Yﬁ %f’{,j,ﬁ){ i Sf? %”g“f(sfb“%ﬁg; y ng;)/ 12),-R, cos(g / 12)),
(b,, b,,+, ,b,, % ’%,,, 5 =( siag g 0? i R cdéég / 4) -R, sin(n/ 4)),
(b, .bs,+u b,, >, (R "3q) = (0Pg b0 bt @M’ﬁ b,. 1. b, n"bva
,b,,+4)=(0,), 1 1Rzely(ﬂft2l&ﬂ)°®(ff1)2)) (R, -bigibagrbsf )+;)=FQ°°bQ9‘§(n / 8)), (b,,,bs,n
bs, +v bs, +3, Dv(R &s(rO®, dn(a/4D, 1) by Rs.cas Broy= BPLOR sin(n / 4)), (bsn
b,,, 1, bs,+" b, trssin(b/8).4) {28, 0, 0,,.0).,.5,(:82.6605{(00L1LB2) , R sin(n / 12)),
(b,, bs"i, b,, +2r bS8,k thizi ) (bg'#bs.mgsm bSJ:)bw =Ro1e9s(n / 4), R sin(n/

4)), (b, obs, +i (PXﬁsz§+Rstﬁ@))(E, H,ﬁq ﬁp Hn (m”£§08(n/8) R sin(n/8)),

(b,,b,,[,b,,+"b , R cos(z / 12)),
(b.n bs+n b, ,, | B"S@T\h A cry jl‘) 1 i)“ e b ? R sin(n /4)),
(b,, h,"" bsn, (ot AR5 (rf Dty (bgbaaty '+21 M("@wh I % b "Ub,,,, , b+,
bs, +4 ) =(1,0, 1, oy /8= 'hsm(sﬁ/ﬁ( n/@) PRibeosErth8)IOLEE " b, | L alb, | +, . bn+4)
=(1,0,1,1,1) (Asin(eoelri @50/ R). sbnbnl )b (b % BLLOBS" 2. b3, ., b5l +4) =
( 1,1,0,0, 0) (R, cos( /4),—R, sin(z/4)), (Byi b0 Bsi020B5,030 0500 ) = (0,1,1,0,1)

(0,_R3), (bmbsm’bsm b 5;-+4)=(0,1,1,1,0)

(1), O()) = (Rysin(zx/8),—R,cos(x /8)),  (bg.bs, ,1’75,,,2,155!+3 by, )= (0,1LL1)
’ (_Rl COS(’T” 4)= Rz Sil’l(]’f ’/4))’ (bS| ’b§l+l’b51+2 5i+3 2 5:+4) = (1!030!0!0)

(—R, cos(m /12), R, sin{w /12)), (b3 Bg01s a0 b5 Bspna } = (LO,G,0,1)
(—Rycos(x/4), Ry sin(m/4)), (b beysbrizs Bornns Ba0s ) = (1,0,0,1,0)
(R, cosCT /8L R, SIGEBY), (B ubsbygsBaasbys) = (LOOLD)

(=R, sin(x/12), Ry cos(mw /12)),  (bgbg;1505005 050005 b5, ) = (1,0,1,0,0)
(-R,cos(m/4),R sin(zw/4)),  (by,b,.. 055,055, 05.,) = (LO,L0,])

(0,Ry), (bs; by B50120 050135050 ) = (1,0,1,1,0)
(=R, sin(x /8), R, cos(x /8)), (b5, 85,05 85,02 05005085, ) = (LOLLY)

(—R,cos(w/4),—R, sin{(x/4)),  (Pg;, 0512051022 041050 850 ) = {1,1,0,0,0)

(~R, cos(z /12),— R, sin{m /12)), (bs;. b5, Bsins 51030 05,04 ) = (1,1,0,0,]1)

(_Rs cos(z /8),“R3 sin( /8)), (bSi ’bsm ’b5142’b5i+3’651+4) =(1,1,0,1,0)

(-R,,0), (Bsi 3305000, 8503, 05,0 ) = (LLOLT)

(=R, sin(7 /12),— R, cos{m /12)),  (Bs,sb4,00 85000 Bsina> 05100 ) = (L1,1L,0,0}
(=R, COS(T /), R ST/ 4)), (B, by Bavy s Bys) = (LLLOT)

(—Rysin(r/8),~Ry cos(w/8)), (b5, D11, b51032 850135 85,04) = (L1110}

(=R;cos(zr / 4)~Rysin( /4)),  (by» by, 0503051000 05,00 ) = (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(n/12),-R sin(n/12)), (bs"b,,,,b,,+"b,,,,bs,+4) =(1,1,0,0,1) (-R
cos(n/8),-R sin(n/8)), (b,,b,,+u bva, b,,+ ,b,,44) =(1,1,0,1,0) (-R3,0),
(b,,, bv+ub5, +2, bs, +,, b5, +4)=(111,0,1,1) (-R sin(n/12), R cos(vr/)2)),
(bs, bv+ubs+"bs, +,,bs, +4)=(1,1,1,0,0) (-R cos(n/4),-R sin(n/4)),

(bs"b,,+"b,,+,,b,,,,,b,,,4) =(1,1,1,0,1) (-Rsin(n/8),-R cos(n/8)),
(bsnb, ,,ubva,b,,,,b,,+4)=(1,1,1,1,0) (-R <cos(g/ 4),-R sin(n/ 4)),
(b1 ] b1 [N I I | b1 11 b1 [N I I | b1 " 4) :( 11 11 11 11 1) V\k]eD@kdﬂN(R,ErfOS! la""ﬁ)@.ﬂ‘lmeﬂfpmﬁﬁ'ﬂt}’hmer

ring, R2 is a radius of an internedi ate ring, and R3 is a radius of an
outer ring. 14 va-172373 Docket No.: Error! Unknown docunent property nane.

A0, B SOMPULS T LEAAEL BRI L0 ShBpAYFETELL ST program (o map at Tesst

., to a méﬁ%quMdMSeﬁeunone‘mamnh@lﬂ(m Sosko] to dn eb)lmaﬁz@g sicssage, /4)),

(b,,b,, - (/12) sin

(b, . b, ,%Tfulbf}%"f“*:g ‘g‘fe,ﬁ'%s (Bif ,ﬁ%ﬁ(@% 85'631*350 l‘PFéL réo(gi 2 foe 52‘1 n ﬂﬂj‘%)'(/ 8)),
(b,,, b@onstell:hnmysgec@@iﬂbﬁ b,,,4) =(0,0,0,1,0) (R3,0),
(b,,,b,,+3,b,,+2,b,,+,,b,,,4)=(0,0,0,1,1) (R2sin(n/12), R2cos(n/12)), (b,,,
b,,,,b,,,,,b,,,,, b5l +4) =( 0”@t 0, R@?“(”’C)R dBsients4)bs Rbssq)n(ﬂﬁi’ﬁ?))

(b, . b, "vbs, +2. b, , +3, b" +4JE=gz 0DF, BCTID. (R-Girk(n8Ys-R-CISLH/ 8)), (bsnb, , ., ,
bs"a, bs"3, b, ,, 4) =(0, 0, 1, 1, @)cos(x' RScns(' Aif 4) o:Rssbnl b4y = O080b, | i, b"+2,
b,,,3,b,,,4)=(0,0,1,1,1)] (R2 d&s%,, |/ 4)0~R25si-h(:bu)F @D (b,, b,,,,,
b,,+2, b,,,3 ,b,"4) —(0 1) O OGO 2) R(RRT B( npsdR),o- FR2sitn( AIOPRYY),

(b,,b,,,..b,, 2.b,,3, b5" B)BEHIIR B (R30S by bl 40UR) sin(,, | 4)),
(b, nb,,+vb,,2,b,,,3, b, |4R=in(08).8, D) & &R,.0c08(,0,.08)Y00E sin(,,/8)),
(b,,,b,,,,bs,,2,bs"a,b,,|,R=¢0/0,R%nlr/D). ERB.Di.NEy bsd)=1RLIBR2 cos(,, /12)),
(b,,, b,,,,, b,,,2 ,b"+3| (hed@)s(BDs5id7 /)0, )b R 5.60507(01008) , -R sin(,,
14)), (b,,b,,,1,b,,,2, b, | & s/ A)x6@rA1, @,.4).5(.06:B3))~ ((HHD5") 5
b,,,2,b,,,,,b,,,4)=(0, 1, LAeXe/d-Rsin(z/ ),  (by.bgsbzsbssisbsine) = (0L0,10)

(R, cos{m /8),—R, sin{x /8})), (s, bs0s bs; s D505} = (0LOL1)
(R, sin(7w /12),—R, cos(m /12)),  (Bs. 0501505020 05001 5,+4) = (0,1,1,0,0}
(R cos(z/4),~R sin(x/4)),  (b;,,bs .1 05,065,564 = (0,1,1,0,]1)

(Os_R] )s (b b: +17 bS +20 bs 432 U5 +4) = (0313131,0)
U0ty = RSiRGE/8 =R, cosxI8), (b, bs B M byt) = (OLLLD)
’ (=R, cOS(T/ ), R, ST/ Y, (BysbysBarrgs BursnsBonng ) = (10,0,0,0)

(—R, cos(x/12}, R, sin(x /12)), (b, b5-+| ByiuarBngn s = (10,0,0,1)
(—R,cos(r/4),Rysin{m /4)), (b, 8500 05,00: 05,30 85000 ) = (1,0,0,0,0)
(=R, cos(m/8), R, sin(x/8)),  (b;.benbs 0005, 5.M) ={1,0,0,11)

(=R, sin(z /12), R, cos(m /12)),  (bs., By, 000050000 b5 o1 Bsiis) = (1,0,1,0,0)
(—R, cos(m/4), R, sin(7/4)Y), (b, bs,1, 05000 D005. 05,0 ) = (1LOLO,1)

(0.Ry), (bgisbsiirbsynsby,13065.4) = (LO,LL0)
(=R, sin(z/8), R, cos(/8)), (b, 055,050, 05,,) = (LOLLI}

(~R,cos(m/4),-R,sin{x/4)), (b, bs,1. 050021 b5 sy = (11,0,0,0)

(R, cos(n/12),— R, sin{x /12)), (b ,be, 1 0500006050 0500) = (1LLO,0,1)
(—Rycos(m/8),~Rysin{7/8)),  (bs,.04000 00,855,050 ) = (11,0,1,0)

(=R;,0), (b5 8155100 85155 B5,, ) = (LLOLY)

(~R,sin(x /12),~R, cos(a /12)), (b, . b0, 050200605, 55,00 ) = (1LL1,0,0)

(-R, cos(/4),~R, sin(z/4)),  (bysboisBornysbsinsnboa) = (LLLOLD)

(—R,sin(7/8),— R, cos{z/B)),  (Bs,Be1sBsing s bsinss B5i00 ) = (LLLLOY

(R, cos(z/4),~R,sin(x/4)), (B, b1 Bs5i0q 85,000 Bsina ) = (LLLL1Y

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.

14
va-172373



, Qi1))- (R3sin(n/8),-R3cos(n/8)),
,b,,,,,b,,+2,b,,,3,b,,,4)=(0,1,1,1,1)
b,,,,,b,,+2,b,,,3,b,,+4)=(1,0,0,0,0)
b,,,,,b,,,2,b,,,,,b,,,4)=(1,0
b,,,1,b,,,2,b,,,,,b,,+4)=(1,0,
.2, b,,,, b,,,4) =(1,0,0
,+"b,,+2,b,"3, b,,,4) =(1,0,
b,,+, ,bs"4)=(1,0,1,0,1) (0,R), (bs, ,

6,,,3,6,1+4)=(1,0,1,1,0) (-Rsin(n/8),R cos(n/8)),

10; 2 Q§m§ut@n veadja)oﬁ(rill%cguﬁli td st@a)e a) &nﬁ%ﬁé@%ﬁd&é}ﬂ to ng hﬂéﬂﬁ e grom(lp of /

(Ege igl@ (b51 bﬁ+1,1]§li$’b$§3 b51+4.)4for:rQ 1, 2,, 0.-.00 31)32$\PSK symbol based on
os%dﬂl_(nﬁ?a, R sin(n/8)), (b,,b,,,3,b,,, ,b,,"bs"4) =(1,1,0,1,0) (-R3,0),
.., b+ Db,,.2,b5 +3,b,,+4)=(1,1,0,1,1) (-R2sin(n/12),-R2cos(n/12)),
s"b,,,,b,, 2 (®, cod b4y, Ry dy#(4h, 1,4,,.8,,0).,.6{ R, yeaxo00)/ 4),-R sin(,, / 4)),
10D, 1 24 B cestn by 2R L, (a,, B On Doy éq,ﬁ;% a4y 8) , - R3cos(n/ 8)),
o D300, " 20 B o ?’8)4?)5114( /58%’ (,,, 5>+, b C tf‘()le R sin(n/4)),

b,,,,b,,,2 b <y a radius of an inner

adi us g”%(n nterﬁg’dk’at’é‘ \Tlg?*hgs““)—rgd ?—’Q?l s a radius of an
(§e g7 ‘?5“05(””2)) 120115502 B3, B ) = (0,0,1,0,0)

(R, cos(xr/4), R, sin(m/4)), (Bsisbsiii s B2 85,030 05,0 ) = (0,0,1,0,1)
(Rysin(w/8), Ry cos(z/8)), (B, bg10B50n005,,5, 0510 ) = (0,0,1,1,0)
(Rycos(m/4),Rysin(w/4)),  (by. by Bs,00505,5,05,. )= (0,0,LL1)

(-R2cos(n/4),R2sin(n/4)),
(-R2cos(n/12),R2sin(7r/12)),
0,0,1) (-Rcos(n/4),R sin(n/4)),
0,1,0) (-R <cos(,,/8),R sin(,,/8)), (b,
1,1) (-R2 sin(,,/12), R2 cos(,, / 12)),
1,0

(

b

D'U-OOOO' ot

,0)  OodRet Boskrridnk Ry faaneehipyoperty(rime;

b,
b,

, 2
+2
, b,

O -

!
o -

(0,21 =

(R, cos(m /4),—R, sin(z / 4)),
(R, cos(m /12),—R, sin(z /12)),
(R, cos(r /4),—R, sin(z / 4)),
(R, cos(x/8),—R, sin(x /§)),
(R, sin{x /12),— R, cos(r /12)),
(R, cos{(m/4),—R, sin(x /4))},
(Oa_RJ ),

(R, sin(x/8),—R, cos(x/8)),
(—R, cos(m/4), R, sin(x /4)),
(=R, cos(m /12), R, sin(x /12)},
(—R,cos(z/4), R, sin(x / 4)),
(~R, cos(z /8), R, sin( / 8)),
(—R, sin(z /12), R, cos(z /12}),
{(—R,cos(z/4), R sin(x / 4)),
(0,R,),

(=R, sin{x /8), R, cos(/8)),
(—R, cos(x /4),— R, sin(z/ 4)),

(—R, cos(m/8),—R, sin(x /8)),
(—R;,0),

(R, sin(x /12),-R, cos(x /12)),
(~R, cos(r /4),—R, sin(x/4)),
{~R,;sin{x /8),—R, cos(x /8)),
(— R, cos(zm /4),—R, sin(x / 4}),

(—R,; cos(x /12),—- R, sin(x /12)},

(bs;: b5, 1> D525 051, by} =1(0,1,0,0,0)
(b5i!b51 Wbz binssbslm) =(0,1,0,0,1)
(b, sbsm bs,.2:85,3.55,.4) = (0,1,0,1,0)
(by 2,015 B5100085,,25 04,4 ) = (0LO,L]1)
(b5: 3B bsia N ”bsm) =(0,1,1,0,0)
(B2 05,010 B51021D5,.3, b5, ) = (0,1,1,0,1)
(Byisbsins byizbsiss by ) = (0,L,LL0)

(bSJ b51+l ’ b5l+ +3% 5r+4) = (0,1,1,],])
N
b

2205,
(b, .+2!bs|+3’ 5”4):(1:0,0:0;0)
(b5: bsm’b Hzebs +30 5;+4) (1 O 0,0 1)
(Bs;, b5, 05,0, B5,5. 85,0 ) = (1,0,0,1,0)
(bsisds12b520Bs13 8500 ) = (1L0,0,L1)
(bii’binl’binz 2B by, ) = (1,0,1,0,0)
(bs; ’bs; 1Bsi2.b505085,,4) = (LOL0,1)
(bsnbs 412 bﬁ 20 bsa 5.*4)= (1,0,1,1,0)
(B 2510 B5,22 55030514 ) = (LOLL])
(b, bsiv1 205125 B5,.5584,,0) = (1,1,0,0,0)
(B2 bsi01B51024 05035 D51..0 1 = (1,1,0,0,1)
(b5, Bs,10, 051,065,055 85,,4) = (L1,0,1,0)
(b biul!bsnz’bi +39 5+4) (”011)
(bsi>bsi13B51,3 D503 05,0 ) = (1,1,1,0,0)
(b5, b51115 85125 By 05,00 ) = (LLLOL)
(55,,65”1 bs: 2!b5|+3’ 5+4) (] 1 1 1 0)
(8,104, 158500, 85,05, 85, ) = (LLLLD

r+1 5

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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