WD 03/017500 PCT/ SG01/00165 1 CODED MODULATI ON SCHEME FOR A W RELESS
COVMUNI CATI ON SYSTEM AND METHODS THERECF Field of the Invention 5 The
present iweoasbimnorel ates to coded nodul ati on schenes for pearsooi/ovicsiat a
signals in wreless communi cation systens. In particular, this invention
relates to a coded nodul ation schene for a wirel ess comuni cati on system
havi ng channels adversely affected by fadi ng and net hods thereof. 10
Background of the Invention In recent years, to realize wireless |Internet

communi cations, nuch effort has been Q \ [ |'i abl e

wirel ess comuniGCODER MODUEABON S&ﬁ]ﬁ sﬁ&ﬂ%ﬁ@ﬁ%§§tenﬁ is
adversely affected by envir i adi ng. In
nul ti path fadiG@MMﬁ&IGM%%A%TM@WT@P@%& nul tiple
propagation paths due to reflections and scattering by obstacles.
Consequent |y, conponents of the desired signal fromthe nmultiple
propagation paths weaken or reiffi@bfteaacthtdder to cause signal |evel
fluctuations at the receiver. Known techniques to resolve or alleviate

nul ti path fadi ngrhengésdgieindéntionselntes t@dpd owdskiing stheswed forpeirers gakit ,
transm ssions in time and freguency or I tipl ec ' trically
space- apar tsignalsdn vdeelespCoBINA Ayl ,stepgw%ﬁq,ro{hls @g‘%tg’crﬁtr?%tgeg C) coding

can be used 04 hicHhRHiGn L BEmREET D6 BIRGE oHmiMiEfloB S steaamingi chadriesn syst ens.
However, F €"to I'ng 1's per?ﬂor med at the expense of an increased bandw dt h.
To achi eve ddverstignéierted by fHdia awbingdodd theteof t he i ncreased 25 bandwi dt h,
recently devel oped coded nodul ati on techni ques can be applied instead.
Coded nodul ation is a technique that conbines codi ng and nodul ati on
schemesyni t hout conproni sing BRclkaGaNd 6f thedhvémticancy. Application exanpl es
of coded nodul ation range from voi ce-band nodens for. tel edoﬂo%e lhl nes to
space WO 03/ 0175@0eROTy S 19 onliggwireless Internet communications, much € ort has

been devoted to developing reliable wireless communication systems. Data

transmission in such systems is adversely affected by environmental factors such as
multipath fading. In multipath fading, a desired signal travels to a receiver along

15 multiple propagation paths due to reflections and scattering by obstacles.
Consequently, components of the desired signal from the multiple propagation paths

weaken or reinforce each other to cause signal level fluctuations at the receiver.

Known techniques to resolve or alleviate multipath fading include diversity
20  processing based upon repeat transmissions in time and frequency or multiple
reception by geometrically space-apart antennae. Alternatively, forward error
correcting (FEC) coding can be used to improve the performance of wireless
communication systems. However, FEC coding is performed at the expense of an
increased bandwidth. To achieve the benefit of FEC coding without the increased

25  bandwidth, recently developed coded modulation techniques can be applied instead.

Coded modulation is a technique that combines coding and modulation
schemes without compromising on bandwidth efficiency. Application examples of

coded modulation range from voice-band modems for telephone lines to space



2 communi cation systens. In sonme mature applications, coded nodul ati on has
been adopted as national or international standards for comrunication

pr ot ocol swoloa/ot®pos of code structure, coded nodul ati on caaTis&och@ssifi ed
into two 5 schenes: bl ock-coded nodul ation (BCM and trellis-coded

nodul ation (TCM. In a BCM schene, block codes are conmbined with a chosen
nodul ation signal constellation, wheréas in TCM convolutional or trellis

codes are conbined with a chosen nodul atjon si g(g‘ael const el | atgon. One

advant age SOIERHEHIAD aYAterns- 4 sepe matyre geplicaidens) Coded gpo topdips pesd ng is
that code r : | OV ' i ' Such code

r edundancy agﬁ#:'tg@?g{féef?hgla@'gﬂﬁé%rgggga%%a%g&gg205%? or aﬁ&:ﬁg%? idatgé(;bés " bandwi dt h.
The coded nodul ati on schenmes can transmt several (say n) different

synmbol s, each represented by different states of nagnitude and phase of the
carrier. CThus HBGTBSEhyos MBI OGO B8 ErAT et oA e oy nbol
period. 515 s}!ﬁérhé%‘.lﬁloa@%&éﬁ'}ﬁﬂ@lﬁaﬁ@lv(%C?ﬂgéhd%&mé@dédfn%du@z{iﬁﬂ(?bﬁd)@fﬂ gcted by

mul ti path fading. However, the use o CM schenmes over such channels as an
al t er nat i vaBEM sTRvhs bleskewdémare tombinee with rothosapoodwatiomsiged | it erat ure.
Typically, t CM schenes lied jn existi wiL.rel ess co nication
syotems s BRRRSVEESn e SEpboftioR bR BN E P BORT SBHES Wit h
good error dpesdnQhomilERn stchalcdtstmation fOrel2@hdrtspecidsgedidveulbeaiowevi sed in
exi sting TCM schenes starting with those of Ungerboeck (Ungerboeck, G,

"Trel | i s- Cotpdiiionplriraicraiohgoting irtuterigredumidapealis sevideddn signal fgtr oduct i on, "
| EEE I i On i - hese

trell %m%&@%g&éggﬁ%ﬁ g‘%{"é‘é}’: E%j%feélg{ﬂef %ﬂgfzdess ngthﬁiné%q goﬁgggﬁ ctr%sg{l)hone nodem
i ndustry. Howewilth. The dbdativiadilagen ehedectinanshitRgverdbdysoidffasnt s t he
conplexity in_decoding resulti n(gft rellis codes, Further m’r%g@egdepodi ng

del ays and Sywglsyeachgenrpsenisaty Gfferepedaesolimsguiydaend rhase pigier.
unsui t abl e ro1hd : i i : BCM schenes there is
a nodest f]flglétzll&}dzg aé{,}g %ﬁ%&é&lﬁwﬁﬁ gﬁ%@%ﬁﬁ%@fﬁfe@gl Ilgéglog' del ay of several

ti mes that of

15 Various TCM schemes have been proposed for channels affected by
multipath fading. However, the use of BCM schemes over such channels as an
alternative to TCM schemes has not been much reported in the literature. Typically,
the BCM schemes applied in existing wireless communication systems use expensive
computer search methods to find block codes with good etror performance.

20

A number of trellis codes have been devised in existing TCM schemes
starting with those of Ungerboeck (Ungerboeck, G., “Trellis-Coded Modulation with
Redundant Signal Sets-Part 1:Introduction,” IEEE Communications Magazine,
February 1987, pp.5-11.) Some of these trellis codes have been adopted widely in the

25  high-speed telephone modem industry. However, a disadvantage of such existing
TCM schemes is the complexity in decoding resulting trellis codes. Furthermore,
decoding delays and memory requirements of these existing TCM schemes are
unsuitable for high speed or low cost applications. In BCM schemes there is a
modest fixed delay, whereas in TCM schemes there is a delay of several times that of

30 anencoder’s memory. Besides computational complexity due to the number of

arithmetic operations, a trellis decoder requires survivor path memories that may be



30 an encoder's nenory. Besides conputational conplexity due to the nunber
of arithnetic operations, a trellis decoder requires survivor path

menor i es wbas/om®yo be WO 03/ 017500 PCT/ S&G1/ 00165 3 very PomgGem/biies
constraint length. In a BCM schene, nenory requirenments are limted to the
bl ock I ength. Recently, Baldini and Farrell also proposed a BCM schene t hat
is based on 5 rings of integers nodul g-q (F.R Baldini and P.G Farrell,
"Multilevel block .subcodes for cod phase nodul ation," El ectronic

Letters, V3P 18pg Wil§ consirainyjength. i@Q%W%%%P}CW%E‘?%HE@%G%GI%M put of

their multh; I over the sane ring and such a ring can only
be of the g1%rgﬁeér8t%?{%§t}39${1§g% "a nmultilevel encoder is therefore linmited and

does not have the flexibility beyond the order of 2"'. 10 Furthernore, hard
deci si on decodi typically appli in such a sche L owers, the

per f or mance con%%F%‘%iR’mﬁFkléﬁpgeﬁré P RTOBLS A ﬁ@ﬂ ﬁg?f?g?hqt Wfaﬁ%d%| tilevel
encoderspr%g%fﬂinwfge _ Qal{gd_)-qngk. Baldigland PCQ AR RANSHM1BEVePBlCE ONl Yy

performed over a Inite field and not with soft decision decoding. 15
Ther ef or e, sebaedesifor icedad phassingdatian,” fleckpris detainivl 3&tNord 2sleens to have

al Toviate TepRRmE e Ao ofeha Rt B AEIRRAR R EHRaN B Pishlos B o

Summary of rinBend BY&M 188 calonlNBe B B8 Oftter bNYEBuCR A nagtlkseltedcqlepi de a
wi rel ess comuni cation system a method for encoding a hipary input signal

and a net hdkerefere iatedirndass seidiye tedbaphility beyephihedrdsiion2the wi rel ess
communi,gat 'Pﬂﬂh&ﬁirg,rﬂaﬁ@ﬁ&%gi &E%Xi{ng ("55%12{/?@ ta@ﬁ}ﬂ@&:ﬂr sub1S BOVE SEkine 1BWREY Ir on

provides a wre conmuni ca conprising: a napper fo
nmappi ng a pheyeafartngnead coniased wittoseft @dcisial ddepding. Hymebphshe makidévedf t he
E: ,l[J ;?l 'ty %Iacos e?B%p%se%eéy”r?aﬁﬁfé’r?d Ige}rree , c%&ehcogsr,]treuc lon %Dgn?y 8£I‘f(§rpn%d leleru A ality of

finite field and not with soft decision decoding.

15 Therefore, a need clearly exists for wireless communication systems to have
improved data encoding and decoding schemes to overcome or at least alleviate

channel fading such as, for example, Rayleigh fading.

Brief Summary of the Invention
20 The present invention seeks to provide a wireless communication system, a
method for encoding a binary input signal and a method for decoding a coded

baseband signal within the wireless communication system.

Accordingly, in one aspect, the present invention provides a wireless
25 communication system comprising:

a mapper for mapping a plurality of bits into a plurality of symbols,
each of the plurality of symbols being associated with one or more of the
plurality of bits;

and

30 an encoder, coupled to the mapper, for encoding the plurality of symbols to a

corresponding plurality of integers modulo M to derive a plurality of coded



and 30 an encoder, coupled to the mapper, for encoding the plurality of
synbols to a corresponding plurality of integers nodulo Mto derive a

pl ural i t ywofosooed WO 03/ 017500 PCT/ S&1/00165 4 synbol s patr/SGheo@asoder
output, the Mbeing an arbitrary predeterm ned integer. In another aspect,
the present invention provides, in a wijeless 5 comunication system a

nmet hod for encoding a binary input signal, the nethod conprising the steps

f: i vi lural ity of bit the bi {nput_signal : ing th
ol ural ity of b (4Rt e sReedir bl e senicen whER S HE e T ol | 1y of

synbol s bei ng aqﬁgﬁgated with one or nore of the plurality of 10 bits; and
encoding the plurality of synbols to a corresponding plurality of integers
nodulo Mto derive a plurality of codewords, the Mbeing an arbitrary

predeterm ned integer. 15 | et t her. aspect ., .the .present invention
provi des a mﬁreﬁg§§°&%gﬁpﬂﬁﬂ%§PFﬁ%R%?§ éﬂ?8§W§¥ §Pﬁdmﬁﬁmﬁecoder for

decodi ng aropithRiitatiphagaEmsd hedoy dr cacedided bh@?ﬁh%ﬁﬂsig@il,@tﬁéhleﬂ@dderi ve an
estimate of a codeword, the output phasor stream having a 20 plurality of

synbol s encoawdisingdhestapsatd corresponding to the codeword, each of the
purel L o1, Symbols e 3RS L BB PigPARARL 5, 2 LY O
t he mapping the plurality of bits into a plurality of symbols, each of the
plurality of symbols being associated with one or more of the plurality of
10 bits;
and
encoding the plurality of symbols to a corresponding plurality of
integers modulo M to derive a plurality of codewords, the M being an
arbitrary predetermined integer.
15
In yet another aspect, the present invention provides a wireless
communication system comprising:
a decoder for decoding an output phasor stream of a coded baseband
signal to derive an estimate of a codeword, the output phasor stream having a
20 plurality of symbols encoded therein and corresponding to the codeword,
each of the plurality of symbols being associated with one or more of a
plurality of bits;
and
a demapper for demapping the estimate of the codeword to derive the

25 plurality of bits from decoded symbols.

In a further aspect, the present invention provides, in a wireless
communication system, a method for decoding a coded baseband signal, the methdd
comprising the steps of:

30 decoding an output phasor stream of the coded baseband signal to

derive an estimate of a codeword, the output phasor stream having a plurality



25 plurality of bits fromdecoded synbols. In a further aspect, the present
i nvention provides, in a wireless conmunication system a nethod for
decodi ng woas@erdobaseband signal, the nethod conprising tha/sshepsedf. 30
decodi ng an out put phasor stream of the coded baseband signal to derive an
estimate of a codeword, the output phasor stream having a plurality WO

03/ 017500 PCT/ S@X1/00165 5 of synbols ‘'encoded therein and corresponding to

t he codeword, each of the plurality. of synbals being. associated.with one
o rore of ' pr aarmpglsrcasky Hiefein i ForSBIBE 10 SHTRERB] Sk B codevior d
to derive the p'ﬁ!ﬁx%iifytdfs91fanFstb%ing%sécfcfh‘i@dj\%ﬁﬁ’gﬁgoﬁlﬁ%@fﬁ-plﬁﬁliﬁfof@%ﬁr' ption
of the Drawi ngs "A préferired enbodi nent of the present invention will now be
more fully describedpndby way of exanple, with reference to the draw ngs of
which: 10 FIG 1 illustrates_a general. block diagram of. a.wr.eless

comuni cation syst edHPPRg s “éloed‘i’fﬁge SEEO (i%a Ve theRlggt g(%zoé%ti on in
accordagce Wi th fidig degdegepthbalgivention; 15 FIG 2 is a general bl ock

di agram of an encoder of the encoding section of FIG 1; FIG 3 is an
encoder trellis for the encoder of FIG 2; 20 FIG 4 illustrates bl ock

i nterl eaving of encoded sy Lthin t k section of FIG 1,
FIG 5 is a flowhart illus ?%?P\r%%&gﬂt#entﬁgtg(g?%rg%ﬂr%odi ng a binary input
signal Dby the edepadéng aatnidinemtof thd freseht in®Bntion will now be more fully

described, by way of example, with reference to the drawings of which:

et

10
FIG. 1 illustrates a general block diagram of a wireless communication
system having an encoding section and a decoding section in accordance with the

present invention;

15 FIG. 2 is a general block diagram of an encoder of the encoding section of
FIG. 1;

FIG. 3 is an encoder trellis for the encoder of FIG. 2;

20 FIG. 4 illustrates block interleaving of encoded symbols within the encoding
section of FIG.1;

FIG. 5 is a flowchart illustrating a method for encoding a binary input signal
by the encoding section of FIG. 1;
25
FIG. 6 illustrates a Viterbi decoding trellis when correctly decoding using the
decoding section of FIG. 1;

FIG. 7 illustrates incorrect decoding by the decoding section of FIG. 1 when

30 fading and additive white Gaussian noise (AWGN) impairments are excessive;



FIG 6 illustrates a Viterbi decoding trellis when correctly decodi ng using
the decoding section of FIG 1; FIG 7 illustrates incorrect decodi ng by

t he decodwogsmersto on of FIG 1 when 30 fading and additi PeTSG01/@01@USSI an
noi se (AWGN) inpairnents are excessive; WO 03/017500 PCT/ S&1/00165 6 FIG
8 is a flowhart illustrating a nethod for decoding a coded baseband

signal by the decoding section of FIG 1; FIG 9 is a graph of code error

probability (CEP .a function, of signal t 5 noj.se ratiq; FI 10 is a
graph of CEP as %@ %r}éf‘idéwcé‘?ﬂ Qala%atwgtaémth_aﬁéorf@c ipg ai‘_iéng’aéebﬁf’e‘iph of CEP
as a fUnCt's‘?gha%y!t}{kt@ercb&iﬁg's&gioﬂ%[?i?ft}. 1;Detail ed Description of the Draw ngs

A wreless commuhni cation System a nethod for encoding a binary input 15
signal and a nmethod for decoding a coded baseband signal within the

W reless communj i.on systemin accord e, wth a preferred odi ment of
the i nvention S GaS AR CPIF THE PROEPRNT (ot Rt oBipt SIRORLII s ar o
provi ded t ;yolRs@tibpe the preferred enbodinment. It shall be apparent to one

skilled in the art, however, that the invention nay be practiced w thout
such details. Sone of these details nmay not be 20 described at |ength so as

not to obscure t ila\@gga&ﬂ'ofaﬁragg%fctigﬁ%f&g\{‘ tages of the invention.
ie i n ha

One advant age of the inv ron_1s e Wreless communi cati on system
appl i es an encodi ng schene using bl ock- coded nodul ati on (BCM without
bandw dt h expansi on for signals comruni cated 25 over fading channels such
as Rayl ei gh fadi"lf’i’gﬁy1 channel s. Anot her advantage of the invention is that a
code geperator matrix for the encoding scheme is deternmned in a
systematic and nore efficient manner than

FIG. 11 is a graph of CEP as a function of interleaving depth.

Detailed Description of the Drawings
A wireless communication system, a method for encoding a binary input
15 signal and a method for decoding a coded baseband signal within the wireless
communication system in accordance with a preferred embodiment of the invention
are described. In the following description, details are provided to describe the
preferred embodiment. It shall be apparent to one skilled in the art, however, that the
invention may be practiced without such details. Some of these details may not be

20  described at length so as not to obscure the invention.

There are many advantages of the invention. One advantage of the invention
is that the wireless communication system applies an encoding scheme using block-
coded modulation (BCM) without bandwidth expansion for signals communicated

25  over fading channels such as Rayleigh fading channels.

Another advantage of the invention is that a code generator matrix for the
encoding scheme is determined in a systematic and more efficient manner than
existing computer search methods.

30



exi sting conmputer search nethods. 30 WO 03/017500 PCT/ S&1/00165 7 A
further advantage of the invention is that codes generated by the encodi ng
schenme alwow3®ofsvo deci si on Viterbi decoding that is conputatrissoabdigs nor e
efficient and has |ess decoding delay conpared with existing trellis coded
nodul ation (TCM schenes. 5 Yet another advantage of the invention is that
i nprovenents are achievable for the wireless communi cation systemin terns

of code error prohahili CEP). . without, gadver se bandw dt h. expansi on. 10
Ref erri ng now toA&r%er é‘yaa‘gagaﬂé‘ihs|ln"t?f16%1km§€%§?§?ﬁ gqnp@gdﬂg{}gese@o el ess
conmuni cat iseensy ARPboPadadl1gitéBi &ReGE L Mkt %ﬂl}ﬂﬂa’cﬂo%agﬁ ehofe SBEREH NY
section 14 in accordance with the present invention. Signals are

comuni cat edd haoless drsodisg dolay sgmpared moth ekisting treHis cddedaiiopgaisactliley) 14 over
one or nore channels 16. These channels 16 may be affected by channel

i mpai r rent SHER" as Rayl ei gh fading. 15 The wirel ess conmunication system
10 conpei ses a synbol nodul ator 18 coupling the encoding section 12 to a

transmtting section 20. Input to the encoding, section 12 is a plurality
of data bits. Theetpnethay advpniage of theinypriiqnis that Hepi@aemats Aierickiggablencodi ng

section 12 0 J 4 ctd ' ' o the 20
synbol mdé@;ﬂ%%’%@%ﬁg ﬁé@u ug{cgﬁorgé}@n%% 1@ q?@%néﬂcﬁge é@?fb@ﬁ%&?gtﬁgi 18 are

m xed Wit Rvithoat adrekdedandwigittaéxpandibi.n t he transmitting section 20 to derive
a nodul ated carrier signal. The transmtting section 20 then transmts the
nmodul ated carrier signal over the channels 16 to a receiving section 22.

25 Upong,recei vi d i } VA ection 22
down- g 8nver ts t ef&](;:ﬁgl? ;ﬁ?gﬁb g?g'nldl%a%egérgr%gﬂggﬁ%%ag{e@gﬁ%ﬁge%wéﬁgsﬁhe coded

baseband sicgmaiynication system 10 having an encoding section 12 and a decoding section 14

in accordance with the present invention. Signals are communicated from the
encoding section 12 to the decoding section 14 over one or more channels 16. These
channels 16 may be affected by channel impairments such as Rayleigh fading.

15

The wireless communication system 10 comprises a symbol modulator 18

coupling the encoding section 12 to a transmitting section 20. Input to the encoding
section 12 is a plurality of data bits. The plurality of bits are then encoded within the
encoding section 12 and output from the encoding section 12 is provided to the

20  symbol modulator 18. Modulated symbols from the symbol modulator 18 are mixed
with one carrier signal within the transmitting section 20 to derive a modulated
carrier signal. The transmitting section 20 then transmits the modulated carrier signal

over the channels 16 to a receiving section 22.

25 Upon receiving the modulated carrier signal, the receiving section 22 down-
converts the carrier signal to a coded baseband signal. The coded baseband signal,
coded with one or more symbols, are then symbol demodulated by a symbol
demodulator 24. Thereafter, demodulated symbols from the symbol demodulator 24
are then provided to the decoding section 14 to derive a plurality of bits as output.

30  The plurality of bits corresponds to the input to the encoding section 12.



coded with one or nore synbols, are then synbol denodul ated by a synbol
denodul ator 24. Thereafter, denodul ated synbols fromthe synbol denodul ator
24 are twen3jprwmoi ded to the decoding section 14 to deriveca/Sgoun@bsty of
bits as output. 30 The plurality of bits corresponds to the input to the
encodi ng section 12. WO 03/017500 PCT/ (01/00165 8 For every block of N
bi nary source bits or plurality of bits, a nmapper 26 of the encoding

Speci fical 1y, ¢ et wiabp Biockefsitteade Sotee ittt CHRES. dlr A o1
bi nary. soupsarpyqte KetioBI2HIRR ofory MR TR 2o K SImBYL G =IER, (oL ol

synbol s ar §ps&RERTE MHeqRagp¥r 96 sllcds tHEA binarydurde bits B @bRIeButtlic bodks of 2b2 + L
+ 2"-' b" ,pand each Itt#?%ut put synbol or dk is defined simlarly. A

an | s simila
70 by N maty Petali R ER S ot aftbeh B YRS PTGl

general block diagramin FIG 2. The encoder 28, inplenmented as a shift
regi sted, has[bivin, delbay, theloetpehiysnbbdvare Gepresenisdtby olds,-adg, bhi fted into
the encoder 28 fromleft to right. Constants of 1,13 and 8 at nultipliers
106, 108, 116vhexein idpkyb, tHid, drht a 241 bf,laed eachi lgtm@@mmgb@ @, tihdefedoder 28,
respectively. The resulting nunbers fromthese nmultipliers 15 106, 108, 110
are added amilwmlyadder 112 to produce the overall output synbols. This
encodi ng operation is performed nodul o 15. The el enents for such a
generator matrix G are defined over Z(M, aring of integers nodulo M

where Mis an anbpddenityr iRateidal of 41 drdddrSegeiic édtating Se@ioadles ai Nan 20 =2
n . Consequently, an increase in cqodeword distance i, expec{ ed. A codeword
gener atled By N metrbndbaercopsr 2&isdendinedr ang iz 1llusireted with a general RiRFk wi t h each
kt h el ementy: j TR , f Tomy 841N bi nary
source bit ?lal(égar% %I\J/fe(?'tﬂ égﬂ f g@%‘d%%;éﬁ@y %%P?E gﬁ%"ﬁ‘grg%igwr,éi[ﬂ EH]?OS t %}glr eby
conser ved ‘elenfensuld?, Hd. Bipaogintgplanat Kinifted into the encoder 28 from left to right.

Constants of 1,13 and 8 at multipliers 106,108,110 multiply the data at the various

stages of the encoder 28, respectively. The resulting numbers from these multipliers

15 106,108,110 are added at an adder 112 to produce the overall output symbols. This

encoding operation is performed modulo 15.

The elements for such a generator matrix G are defined over Z(M), a ring of

integers modulo M, where M is an arbitrary predetermined integer that is greater than
20 g =2".Consequently, an increase in codeword distance is expected. A codeword

generated by the encoder 28 is denoted by ¢ = [cy, ¢2, ..., cy] with each k" element or
ci taking value in Z(M). Therefore, an input of N binary source bits is converted to N
M-ary symbols and bandwidth is thereby conserved with such an encoding method.

Code construction by the encoder 28 is based upon the following equation:

25 c=d®, G ¢))

where ®,, denotes product modulo M.



Code construction by the encoder 28 is based upon the follow ng equation:
25 ¢c =d OmG (1) where (r)Mdenotes product nodulo M WD 03/017500

PCT/ SQ01/W0X18/617580 | n descri bing the code construction, n 2C2/9G91/06168 as an
exenplary illustration, wth the N binary source bits b =[bi, b2, ...,
bN], in which bk takes values in Z2, tEF ring of integers nodulo 2. Qutput
fromthe mapper 26, d = [d,, d2,..., dN," ] with elenents in d take val ues
in Z4 are encoded intp.a codeword c = [, c2, ..., CA], ere d k E 74,
and Ok E 2 1 n IEAPE B GpoF Sorpitih 5715 bpd danerbbaROb R ToR < an
N 2-by- N geRef HeQl bifBky bour¥d biks @EE{BErb%,S...', B FiMwhidi b 43kl valdet 2 7, ithe 15 el |
known that an (m k) cyclic code based on the |rrecfum bl e pol ynom al can
be defi ned ring GF{n@dgerHowelnbr 2. Ontpuhéoni ty Bader 2hel =¢dr daspdngi neth

i rreduci bl e polynom al defined in Z(M has to be found. The 10 follow ng
procedur e dtzeetthis dhiaketvelies il Zt Bee epeadechinge aporovend ar oy er. -Z2(-Ml,
Starting w th the danmental, theorem of ar.jt tic,stati that a.

composi Pe. TIEESE (can b5 Girih ot seleSr Lt iRop S nier % mafb P s on o
M, | M= fah@/2.bylR)gendfatornei@x Rith SleRlents iRZ(AH. the i-th prime factor and al
is a positive integer exponent. In the case for t =1, then M=q; =pis
first considered. Many existing cyclic codes have been found over G(p;),
in which the gerarsatar GFgRy nois wtll koot )thatdary (es) xyoliclgodetteseal onitke t he

|l ength of the codeword. Ho ot ing 20, which djvid
o 0L oy dRedaly RUTTe GUhEe 588t TG (Dh e i b e TE Ao o xm -1 =
9(x) h(x) mBeedpoddie %H@&&iﬂl@xﬁolﬁmf?%i{ali ?&gﬁé& ifefimnedadmE W Sund Mhe

expressed in the p-adic form ‘as
10 following procedure describes how to find the generator polynomial over Z(M).

Starting with the fundamental theorem of arithmetic stating that a composite

integer M can be uniquely factored as (standard factorisation of M),

M=1]a,, L ©

i=1

15 where ¢, = p{", piis the i-th prime factor and a; is a positive integer exponent.

In the case for t = 1, then M =g, = p," is first considered. Many existing

cyclic codes have been found over GF(p;), in which the generator polynomial, go(x)
divides x” —1, where m is the length of the codeword. However, the corresponding

20 g(x) which divides x™ — 1 over Z(g,)can be found based upon the following

equation:

x" — 1= g(x) h(x) mod g, ©)

where g(x) and A(x) are defined modulo ¢, and expressed in the p-adic formas

follows:

25 g0 =3 g,0p/ @



25 g(x) _ 1 gj (x)p;' (4) j=0 WO 03/017500 PCT/ S&X01/00165 10 a,-1 h(x)
Y, hj (x) p;" (5 j=Owhere !-1g¢9g; (x) =1 gllx' gi; E G(pl) (6) i=0 s-1
h(x) = Ewbbg/o1tsad E GF(p;) (7) 1=0 5 A detail ed anal ysi #cardovericdus
proofs for the above can be found in Garg H K., Digital Signal Processing
Al gorithnms, CRC Press 1998 (Sections 6,2, 6.3 and 7.4). For exanple, to
find the generator matrix 8, 4) for = 4. Here 8, 4) is a row 4,
colum 8 matrix, where 8 represents_the block size N of the codeword. Since
every n = 2 bits is mapped int €N synbol, the nunber ;of rows is Nn
= 8/2 = 10 4. The degree of thg}l(ségnggf%c¥pipol ynom al for the(?)m k) cyclic
code deg is determned by deg = m- k = N- Nn =4, Aprimtive

pol ynom al of degree 4 over GF(2) is x4 + x + 1. Following the procedure
descri bed iwhepppendi x A, the degree 4 primtive polynom al over Z(4) is x4
+ 2x2 + 3x + 1. Therefore the generator matrix Gis given as follows: 1 0 2
31N\ 000 150231\ 00 G_

-1 .
gj(x)':zgi,_jxl gi,jEGF(pi) (6)
i=0
51 i
h;(x) = ;hi,jx’ h,; € GF(p,) (7
5 A detailed analysis and various proofs for the above can be found in Garg H.

K., Digital Signal Processing Algorithms, CRC Press 1998 (Sections 6.2, 6.3 and
7.4). For example, to find the generator matrix G(8, 4) for M = 4. Here G(8, 4) is a
row 4, column 8 matrix, where 8 represents the block size N of the codeword. Since
every n = 2 bits is mapped into the g-ary symbol, the number of rows is N/n = 8/2 =

10 4. The degree of the generator polynomial for the (m, k) cyclic code deg is
determined by deg=m - k=N - N/n=4.

A primitive polynomial of degree 4 over GF(2) isx* + x +1. Following the
procedure described in Appendix A, the degree 4 primitive polynomial over Z(4) is

x* +2x? + 3x +1. Therefore the generator matrix G is given as follows:

. 1023 180 00
Go|ONL 0 23 TN 0

0 ONI 0 2 3 INO

0001 02 3 1

Preferably, the generator matrix is to be of the above-banded rectangular
matrix because this kind of cyclic code have special trellis structure and can be easily
decoded using the Viterbi algorithm. In the banded rectangular matrix, the i-th row is

20  a shifted version of the (i-1)-th row.



06\1 0231x,0 0010231 Preferably, the generator matrix is to be
of the above-banded rectangular matrix because this kind of cyclic code
have specwalost®bdi s structure and can be easily decodedPa3iSeyiHes Vit er bi
algorithm In the banded rectangular matrix, the i-th rowis 20 a shifted
version of the (i-1)-th row. WO 03/017590 PCT/S®01/00165 11 In the case
where t is an arbitrary integer, and M= q, is a conposite integer, then
given a polynom al ,4(x) with coefficients over Z(M, M= pt' p2' L pa .
The pol ynom al's p(thd cds¥ hwheke ﬁslmaﬁ)itrar%'inteéer, AANOS TN R Smpolix) = A(X)

nod pa" . (8) 5 The above statenent tollows directlyy fromapplication of
t he Chi nese Renmi nder Theorem for integers and the definition of a

pol ynomi al .infeges, fen ghmyademynanaialad () with roelbigiepts ayeeZ&¥k eady known, then the
correspondi ng_A(xX)4, od,, Ad). has.to ke found., Firstl he, pol ynom al s are
written as:%-—lp(ll‘%? E\l()&%f) 'Eﬁfpélyf’%mﬁﬁ)ép?x)(’d)— Fl’jz:O"rff ‘iar%?%;ow@@(?)él akj xj nod
Pak (10) j=o The pol ynom al, A*)'_' % X) grodpa’ pkk can be foypd by: m1l
ACLP) (X)) _akj xj nod %aj(x R )P%? Pi=0 where aik | = ayltgir akj can be
obt ai ned5 by the ﬁ]el ahove stggerﬂ%lnp Po?lrow-ls_ra‘lerggtﬁfn%rom application of the Chinese

Remainder Theorem for integers and the definition of a polynomial. If the

polynomials 4“ (x) mod p;" are already known, then the corresponding 4(x) mod

Z(M) has to be found.

Firstly, the polynomials are written as:
10 AD(x)= ga,.jxj mod p;" 9)
=0
AP (x)= mj;j,a,qxj mod p;* (10)
=
The polynomial 4% (x) mod pf p* can be found by:
A% (x) = ilaik’jxj mod p p* (11)
=0
where a,, =a, ®a,; can be obtained by the Chinese Remainder Theorem

15  for integers.
Following the same procedure as above, the polynomial 4(x) with

coefficients over Z(M), M = p/ p32L p is determined from:

Ax) =A%) @ AP () ®..® 4 (x) (12)

20 As another example, the generator matrix G(8, 4) for M =20 is used, where
the degree of the generator polynomial is deg = m — k= 4. Here M =20 =2%5,

As it is already known from the earlier example that the degree 4 primitive
polynomial over Z(4) is Gy(x) =x* + 2x® + 3x + 1 and over Z(5) is Go(x) =x" +x° +
25  3x* + 3. Based on the Chinese Remainder Theorem, the generator polynomial over

Z(20) is G(x) = x*+ 16x> + 18x? + 15x + 13. Therefore, the generator matrix is



15 for integers. Follow ng the sane procedure as above, the polynom al A(Xx)
wth coefficients over Z(M, M= pal p22 L par is determned from A(x) =
A(') (x) woAgm)750x) ED... O+ A(') (x) (12) 20 As anot her exargaoepoiche
generator matrix (8, 4) for M 20 is used where the degree of the
generator polynomal is deg = m - » Here ME 20 = 22.5. As it is
al ready known fromthe earlier exarrple %hat the degree 4 primtive
pol ynom al over Z(4) is G (x) = x4 + 2x2 + 3x + 1 and over Z(5) is &Q(x) =
x4 + x3 + 25 3x2 + 3. Based on the Chi nese Remmi nder Theorem the
generator polynomial over Zz(2d) 16s 1&dp 43x40+ Q6x8 |+ 18x2 + 15x + 13.
Therefore, the generator matnipX s 1\601(33/1@1715‘800PC@'/ S01/00165 12 1 16 18
1513 '.,000 G 0'\1 16% 15\13%)0% gq Zﬁé 18 15 13N. O 0 O
0,1 16 18 15 13 5 Code congPruBtibn 1gsil éhllt gi sters that can be
descri bed by a code trellis [0s 0l Iastratléd 18i tlis t13e fol | owi ng exanpl e. For
a code with a generator matrix 4, 2) for M= 15, the generator matrix is
found in the sane way as for the generator matrix 8, 4) for M= 20. The
degree 2 10 pr i(rxideicmstmhyﬂasﬁhglsm@t\/feglst&(sahaticanGe(iass)cneeaayacade&rahand over
Z(5) is Q(x) + . 3x + 3 are al ready known. Based on the Chinese
Renai nder vﬁébweﬁtpdm@tgeﬁéb&tlwexw Ynoni al over Z(1 5) is G(x) = x2 + 13x
+ 8. Therefore, the generator matrix is 1 13 8 0 G 0 1 13 8 15 Then the
codeword cis 00 00O0O

For a code with a generator matrix G(4, 2) for M = 15, the generator matrix is

found in the same way as for the generator matrix G(8, 4) for M = 20. The degree 2
10 primitive polynomial over Z(3) is Gi(x) = + x + 2 and over Z(5) is Go(x) = X+ 3x
+ 3 are already known. Based on the Chinese Remainder Theorem, the generator

polynomial over Z(15) is G(x) = x* + 13x + 8. Therefore, the generator matrix is

11380
101 13 8

15  Then the codeword ¢ is

0 0] [0 0 0 0]

0 1 0 1 13 8
c:d®MG=0 2.[1 1380}0 2 11 1 1%

0 3//0 113 8] |0 3 9 9

M M M MMM

3 3] 13 12 3 9

The state for the encoder 28 is defined as the contents of the shift registers,

that is, 5; = (4.1, Ui-2), where {u;} is the information sequence. For the encoder 28, it

20 is convenient to use the trellis as shown in FIG. 3 to keep track of the state of the

encoder 28 at each time. Suppose that the encoder 28 is initialised in the state (0, 0),

and the 2-bit message (0, 1) is transmitted, followed by a terminating string of (0, 0).
Therefore, the transmitted codeword is ¢, = (0, 1, 13, 8).



0101138 0211380.02111c=dOMG03011380399(13
MMMM3 3 3 12 3 9 The state for the encoder 28 is defined as the
contents wholoersshi ft registers, that is, Si = (ul.l, uTPer/SGmveries{ui }
the informati on sequence. For the encoder 28, it 20 is convenient to use
the trellis as showmm in FIG 3 to keep1 rack of the state of the encoder 28
at each tine. Suppose that the encoder 28 is initialised in the state (O,

O a1 2 eSS e s PSRRI Sl Y 7 T o

8). WD 03/ %Y@Qﬁwﬁ%@%ﬁﬁ@&ﬁ% th%%n&ﬁﬁﬂ CQ&%H‘ chorﬁﬂf% dnc6ddrn8. Ti%e | abel | ed

with the code synbol and the path in shown in 3illustrates the
encoded codmmhedoﬁpdsslblnst&h@ %mlmi-’dIEFFO,ZB 1Zhe, reﬁmﬁvbedy()i 4pd§s4 Ble states at
time i 0O, 1, ..., 4 is, respectively, 1, 4, 16, 4, 1. 5 A flowhart of

t he encoding nethod 300 to encode a binary input signal as described in

the aboye is i1 lAsbhakatof e Bdadife mdihed 500 foasobdi Bbaninpiiefyadda in whi ch
t he encodi ng section 12 receives the binary input signal having a plurality

of bits. Tiﬁ@&rré&ﬂtneihe abpee ivalppiratedan KPS . Hmthﬂdaiiqgw FhptepPP3 lri nt 0 a

plurality r.al Ated with
one or nprgv%gﬁlﬂ% ?dﬁrrlgE?e %pogi%g&gﬁ'%&]te%lﬁ#%m%h ?1%8161@,[ en c nti nues to
step 308 atbthTl@diiedﬂ%E tEeﬂﬁﬁﬂp‘Hr %&@aamﬁmallwmismnalai flyratify sfisymbbls. t 0 a
correspondi_ng pIuralit I nt egers nupdul o to derive rality of
codewor ds. Hachef QWP&WBEI"{W%S&/”“ ?léd%%sé?ﬁi‘tﬁ‘eﬁltyﬁ?‘éﬁémorﬁ%fq“ﬁQPUé ng met hod
ends wiph sfigp 310 at which the plurality of codewords are m)dul ated by

t he synbol nodul ator 18 and transnmitted by the transnmitting

The method 300 then continues to step 308 at which the encoder 28 encodes
the plurality of symbols to a corresponding plurality of integers modulo M to derive

a plurality of codewords. M is an arbitrary predetermined integer.

15
The encoding method ends with step 310 at which the plurality of codewords
are modulated by the symbol modulator 18 and transmitted by the transmitting
section 20.
20 Following encoding of the plurality of bits, coded symbols are provided to

the symbol modulator 18. The symbol modulator 18 comprises a phase modulator
30, a block interleaver 32 and a differential phase encoder 34. Operating on the
codeword c, the phase modulator 30 transforms the codeword ¢ to an output phasor
block x = [x1, X2, ..., xn] with x; = exp{-j2ncy/M}. Thereafter, the block interleaver 32
25  interleaves the output phasor block x. The block interleaver 32 has a buffer with o
rows and N columns, where « is the interleaving depth and N is the span of
interleaving. FIG. 4 illustrates block interleaving of the buffer having (o*N)

symbols.

30 Phase modulated symbols of the output phasor block x, provided to the block

interleaver 32 as a phasor stream input sequence, are written row by row into the



section 20. 20 Follow ng encoding of the plurality of bits, coded synbols
are provided to the synbol nodul ator 18. The synbol nodul ator 18 conpri ses
a phase nwouwBaimno 30, a block interleaver 32 and a differemScal/o@pkase
encoder 34. Operating on the codewrd c, the phase nodul ator 30 transforns
the codeword ¢ to an output phasor bl? k x = [x1, x2, ..., xXN] with xk =
exp{ j27tcklM. Thereafter, the block i'nterleaver 32 25 interleaves the

P Bl R e B B2 0 e RSl of "

i nterl eavi E 1lustragtes bl qck interleaving of the buffer haV| ng
(a*N) synb%gfid A(ggd%ﬂ%sew dgcfat eﬂ”"gynbol s of the output phasor bl ock x,

provided to the block interleaver 32 as a phasor stream i nput sequence,
are witten row by row into the WO 03/017500 PCT/ S&1/00165 14 buffer.

Qut put sequence E‘omommpie, 16 the kimierihdad /eimvgr bd8@stisbadesith dut Sot url dd col um
and denoted by x' =([xi , ..., Xk xa*N ] For exanple, let the tinme index k
in xk bé devers Bedfiahlland QM N +1 1A ferdntedeaning, 0%, fymbokthgn- 1 and 0S : 5
N -1. After interleaving, the xk synbol then occupies the (/3 + 1, + 1)
posi tion i weewrehile {(Br 1, mhd) eposﬂtmm 1n the buffer, v Bndes thagow numhzeru andt he

coI um nunber. Wth referen
=R g the colimn pumRen éwore%@csmﬁfﬁs%%faﬁ@bi‘w% R

- xa*N have th f ol | owi_ng reI 3+ xa+,/ 3+1 (14) An

. s
opt i mum deﬁ{:%ueélf; Pt 811 edvi n’éa@’ n 1%8@8?@%%”% om lhal’ Yeteta%t i cs of

t he channel f phase encoder 34 then differentially
phase enco %V&?}?fm@gﬁl‘? %lg{l \]/Oéd phase nodul ated synbols. Qutput from

differepti al phase encoder 34 i iscangrri ssi on phasor stregmi)fuk}, where

J§ﬂN +u+l noct
An optimum depth of interleaving can be determined from characteristics of

the channels 16.

The differential phase encoder 34 then differentially phase encodes the
15  interleaved phase modulated symbols. Output from differential phase encoder 34 is a

transmission phasor stream {u}, where

Uy =y X, (15)

where u, can be setto 1.

20 The transmission phasor stream {u;} is then mixed with a carrier signal
within the transmitting section 20 to derive a modulated carrier signal for
transmission on a channel 16. The M-DPSK signals are assumed to be transmitted in
a flat, but time-selective Rayleigh fading channel and with additive white Gaussian
noise (AWGN).

25 When received by the receiving section 22, the modulated carrier signal is
down-converted to a coded baseband signal. The coded baseband signal in the A-th

interval has the complex form



Uk = uk-1xk (15) where uo can be set to 1. 20 The transm ssi on phasor
stream {uk} is then mxed with a carrier signal wthin the transmtting
section 2®otos/otmne ve a nodul ated carrier signal for tran®arssoomieh a
channel 16. The M DPSK signals are assuned to be transmtted in a flat,
but tine-selective Rayleigh fading chaggel and with additive white Gaussian
noi se (AWGN). 25 When received by the réceiving section 22, the nodul ated
carrier signal is down-converted to a coded baseband signal. The coded
baseband signal in the k-th irﬁke"r\/“gﬂcuhd‘sykt he conpl ex form WOL®3/ 017500
PCT/ SG01/ 00165 15 rk _ "V (fkuk + Vk (16) where vk is an AWGN sanple with
zero nean and variance E{VkVk } =1. y is the signal to noise ratio (SNR).
The sequence {f WwhérevaisearpVEN seipde mithrzetsamsa @l varianco Ay a} )i -abl e is
representing the fading process, which is assumed constant only 5 over one
synbol dur dh¢ signairtd notse rediatSNR o Tee ssyuehad §:} iSheomploczero-elcan iGrisfiamct i on

of fk is E{fkfk "} = p~"~ = J nf.DT 17) whete fDT is the maxi mum
Doppl er fr gﬁ%‘i‘ﬂ‘ey} aﬂgblggfﬂ}?rfgﬁal%{%%{;ﬁgﬁg%{ﬂ&%‘{”iﬂ&aﬁ&sﬁl&lﬁé F%HSFH’E Oi‘r%'r o- or der
Bessel &unchkpn®fyhtig dhiaish akid RekreldRd SvEAH DI AUE huloSorrdlBt G IR AbY
referred to as the | and nobile radio nodel,” with the consi deration that

many mul ti pdfhiswaves with identical anplitude arrive at the receiving
antenna from all directions with equal probability. Thereafter, the coded
baseband signal is provided to the synbol denodulator 15 24, which
conprises a differential pht&d. dbtayior/i887An0d a bl ock dei nt é#T)eaver 38.
The differential phase detector 36 processes the rk input of the coded
baseband signal to derive an output phasor stream zk based upon the

fol | owi ng equat iwhere f5T is the maximum Doppler frequency normalized to the symbol rate

and Jo(*) is the zero-order Bessel function of the first kind. This fading model is
10  commonly referred to as the land mobile radio model, with the consideration that
many multipath waves with identical amplitude arrive at the receiving antenna from

all directions with equal probability.

Thereafter, the coded baseband signal is provided to the symbol demodulator
15 24, which comprises a differential phase detector 36 and a block deinterleaver 38.
The differential phase detector 36 processes the 7, input of the coded baseband signal

to derive an output phasor stream z, based upon the following equation:
Zp STl (18)

Generally, we can set 7,= 1. The block deinterleaver 38 performs a reverse of the

20 interleaving described above with equation (14) above. Deinterleaving recovers the

correct order of data from the output phasor stream z; to obtain a deinterleaved

phasor output stream z, where z = [z1, z2, ..., Zn].

The deinterleaved output phasor stream z is then decoded by the decoding

section 14, which comprises a Viterbi decoder 40 and a de-mapper 42.



Zk =rkrk 1 (18) Cenerally, we can set ro = 1. The block deinterleaver 3 8
perfornms a reverse of the 20 interleaving described above with equation
(14) abovwo iBwiTsber | eavi ng recovers the correct order of pdatsGoi/naest he
out put phasor streamzk to obtain a deinterleaved phasor output stream z,
where z = [zl, z2, ..., ZN. The dei ntﬁéleaved out put phasor streamz is
t hen decoded by the decoding section 14, which conprises a Viterbi decoder

40 and a de-ma WO 03/017500,. PCT/ SG01/.00165 6 For a DPSK

transnissi gﬁr %’E@P&%ﬁﬁar}sﬁnﬁsm@sﬁp@?e@rlpégsQf'ﬂﬂe?}a‘?cﬁ%ﬂtfo, 1 9%@11&0 ecisions are
made using d@ci@ibﬁg%tm%tlﬁ&g%preﬁuctt h&eMbi 6f Rk ViRARHBL0dEP40 Bt ¢ gfes the
followng netric: 17(c) = Re z" exp(j2aac" I M (19) 5 where {z} is decoded

to the codéwofodlowisgmmhirichat the corresponding value ro(c) is the maxi num
of all the values {Ti(c) }. I—LencEN for maxi mumy i kel i hood decodi ng of the

codeword, the conputation ,peeged s e%%‘jébcnt/q\l N conpl gexgymul tiplications,
(N - 1)2N conpl ex additions and |50 ( 1) ‘conpari sons, which is

conputationally inefficient. On the other hand, the independent and equally
probabl 8 codeworvdsrenikg is decpdesistb heecodeword Vistielr thiat the gomresphnding value

enpl oyed. The Viterbi  algorithmis caonsidered for the preferred enbodi nent
of the i nV¥R} il%thea&axaﬁwpwéaﬂﬂy ‘fleheé(imrﬁ@ Jof a bl ock-coded nodul ati on
signal. The bl ock- coded nodul ation signal is described using a trellis
with netric as defined in 15 equation (19) above. The task of the trellis

decoder is to esid ¥} @r ARinal Hkélhabd Ub&dancsrdrecsiegnal, theamianatnt r aces
through the trellis. To construct the trellis, the procedure is mainly the

same as fomepdaskis pqesdded?2” eoreplpr multinlicatiensaddr 2o sompkxmdpiiops ardt i on

CF anar Pt od? cOMEUBPARPES. Gihichil ouBlug SRy Gkl onTHERAE B, e
independent and equally probable codewords make it possible for a Viterbi algorithm
to be employed. The Viterbi algorithm is considered for the preferred embodiment of
the invention as applied to decoding of a block-coded modulation signal. The block-
coded modulation signal is described using a trellis with metric as defined in

15 equation (19) above.

The task of the trellis decoder is to estimate the path that the encoded signal
sequence traces through the trellis. To construct the trellis, the procedure is mainly
the same as for binary codes, except that the addition and multiplication operations

20 are carried out over the ring Z(M).

Supposing the transmitted codeword is (0, 1, 13, 8) for the code with the
generator matrix G(4, 2) for M = 15 used in the above example, then the phasor
block x = [x1, X3, . . ., Xa), x, =e7/*'M =(1,0.9-0.4j, 0.7+ 0.7j, - 1.0 + 0.2j) is

25  provided to the channel 16. To illustrate an actual decoding process, supposing that
the received phasor for this phasor block is (1.8 + 0.5j, 0.5 - 0.8j, 1.2+ 0.5j, -1.5 +
0.5j) after channel impairments caused by Rayleigh fading and AWGN. As shown in
FIG. 6, the codeword is correctly decoded by applying Viterbi decoding using
equation (19).

30



generator matrix (4, 2) for M= 15 used in the above exanple, then the
phasor block x = [xi, x2, ..., xN, x,, =e-12"c" IM= (1, 0.9 - 0.4}, 0.7
+ 0.7j, -wb.0B/0#75002j) is 25 provided to the channel 16. TecirldGosvoias e an
actual decodi ng process, supposing that the received phasor for this
phasor block is (1.8 + 0.5), 0.5 - 0.8j5 1.2 + 0.5), -1.5 + 0.5]) after
channel inpairnents caused by Raylei gh fading and AWGN. As shown in FIG

6, the codeword j ) tly d ded b | yi Vi bi d di i
cquat on (19) . Seoméseia Fhuol teerneesh Fogaetut BesspeReeiS 4L o i ne 1,
the metrics for r- passikyd.e branches are: Re{(1l.8+0.5j)1} =1.8;

Re{ (1. 8+0.5j)e' 2&4&%9@5{9}? Ill:Fgle’{ (1.8+0.5j)e' 4"/ 15}{(: 0. 8; aJnZZI }5 Re{(1.8 +

0.5j)e' 6" 15} Ee{gl.éﬁ-oﬁ%éygwgqu- These netrics are | abel ed al ongside
t he correspondi ng branchés in FIG ‘6. The cunul ated netric of the
surviving path igedpbeloethas 'Fhe o raaded number at each node. As the code
was constructed by an input of two nessage bits and a termnating 10 string
of (0,0} into tI‘[@e{qngmﬂ)ejj)gf&/”}E(o)r_m,'Eéspectzveqp Time 3, every four paths mnust
merge, respectively, at states (0 0), (0 1), (0 2) and (0 3). Therefore, it
is only necessary to conpute the subsequent netrics along the nerging

aths. The cumul at ed tri f | Vi th i | abel. b i
Paxos. The Vit oriess mebia e anedrloiie b eOfesPaidlng Bron S it IR o "to 3) "
as shown byl“&{eh:%nﬁ@aggﬁgleﬂﬁzwf 1R survivinE pfh 16 1Melede tiendrc®dd dunebee yicdaeh When

i

Rayl ei gh fading an i mpai rments "are excessive such that received
phasor zn imdéAsthgjcodd was angjryctad By an impsf of twognessgged)its angd géerpigatings cannot

Cequende’ | strsts ofd0gjme Bie it P ik 2 P b Ao RSl e 0
merge, respectively, at states (0 0), (0 1), (0 2) and (0 3). Therefore, it is only
necessary to compute the subsequent metrics along the merging paths. The
cumulated metric of the surviving path is labeled as numbers in boxes. The Viterbi
decoder 40 releases the information sequence of (0 1) as shown by the bolded path of
15  FIG. 6 at the end of the cycle.

When Rayleigh fading and AWGN impairments are excessive such that
received phasor z, is (0 +2j, 1 +0.8j, 1.5 — 0.5j, 1.3 — 0.8)), the trellis cannot

perform correct decoding. For such a situation, the erroneously decoded sequence is

20 (0, 0) as illustrated with the bolded path in FIG. 7.

A flowchart of the decoding method 800 to decode a coded baseband signal
as described in the above is illustrated in FIG. 8. The method 800 begins at step 802
and proceeds to receiving the coded baseband signal at step 802.

25

The method 800 then continues to step 806 at which the Viterbi decoder 40
decodes an output phasor stream of the coded baseband signal to derive an estimate
of a codeword. The output phasor stream has a plurality of symbols encoded therein
that corresponds to the codeword. Each of the plurality of symbols is associated with

30  one or more of a plurality of bits.



A flowhart of the decoding nethod 800 to decode a coded baseband si gnal

as described in the above is illustrated in FIG 8. The nethod 800 begins
at step 8@D o3antbopr oceeds to receiving the coded baseband psirgpeal/o@bs st ep
802. 25 The nethod 800 then continues to step 806 at which the Viterhbi
decoder 40 decodes an out put phasor stgeam of the coded baseband signal to
derive an estimate of a codeword. The out put phasor streamhas a plurality

of synbol s encoded therein_ that. corresponds tq the cod rd., Each of the
plurality of sy%g%ql > Plesteps 80 thgrdemapper it %@“‘Bﬁ et @@%@%%Wﬁ?ﬂ% ty of
bi t's. VIO 03014 5RO BT FHHs U0hERcodl HnliRMd Mceidd «SbRPuERE tehpitaiBimapper 42
demaps the gsti mag)e of "t he godeworcg to” deri vgelt hg plgl‘rlal Ity of bits from
decoded syrboiderdlcei ve as output fromthe Viterbi decoder 40. 5
Performance of the above coded nodul ati on schene is determ ned using code
error probability (CEP). The CEP for different |engths of input vectors is

obt ai ne@ t hr ougheRimbhRII PR d0dve cdiRulnedditioaGtRdnERaRREhineFAEing U6de
simulation, a correlation coefficient p of 0.9997 orfDT = 0.0059 is used

for the Rayrier grobebidiitn(CehakheCEP fordifferentlengths af mipyibvasiass isrobtainasy
differ e.”t \fﬁjoggﬁ sﬁﬁul@tio%fi %Cﬁa letiéhefaﬁ%ﬁg c%%&?%% S %1 sgr%ﬂgﬂig{x,eadco%la%ohf erent
pol ynom al s. ore sitmilatTon results are provi ded, distance paraneters

of codes f qoeffletendp@f®.9990ed/HTod 00859 Brussd frenke Rageidhfadiegichahygli Th | v,
di stance paraneters of bl ock and convol utignal codes are based on the
concept of sipwaiieryalae sxpipres bow diikrentaakies of gedlsets thaliR9Eeodes he concept of

15 Lee di st ance, i a,.por e, nat ur al tric.for..the above cod | ation

s ohore. 105 R Ristthy 2T At TRl g Baib FeBRONE sfQARKS, ERENREL. T oo
The Lee weighimdérs @ codstfoithe ab@e cdded mod@Btion schede agd@g@wd.f rom the set (0,
1, ..., M- 1), where Mis an arbitrary positive integer, is defined as:
n-1

Typically, distance parameters of block and convolutional codes are based on

the concept of Hamming distance or Euclidean distance. However, the concept of

15 Lee distance is a more natural metric for the above coded modulation scheme. To
determine the Lee distance, the Lee weight is first determined. The Lee weight of an

n-tuple (a,,4,,....a, ,) , @; chosen from the set (0, 1, ..., M - 1), where M is an

arbitrary positive integer, is defined as:

w, = "Z( a, | (20)

20 where la, |=
M-a,, £<a.SM—1

i i

The Lee distance between two n-tuples is defined as the Lee weight of their
difference. The squared Lee distance between i-th components, ¢;; and ¢y; , of two

code sequences of length N, ¢;and ¢, in the vector space C, is denoted by

d*(cy,c,, ) > which is defined as follows:

M
ley—¢y s Oslcli—02i|s_2—

25 d2(cli502i) == M 2y
M=|c, —cy |, “2—<| €y —Cy IS M -1



w = El a, I (20) alO<a, <M 20 where a, 2 Ma,, M<a, <-MI| The Lee

di stance between two n-tuples is defined as the Lee weight of their

di f f er encwo o3loe758quar ed Lee di stance between i-th conpone®CT/SGol/poiahd c2i,
of two code sequences of length N, cl and c2, in the vector space C, is
denoted by d 2 (cl1l, CO, which is defifed as follows: - M CU-C2i 0 <I

Ali -C2; 1< 25 d2(cl,,C1) = M2 (21)" IM cl, - c2

| , - 2 <l cli - c2

| <- M-1 WO 03/017500 PCT/ S@G1/00165 19 The cal cul ati ons are perfornmed
nmodul o M The product di stance between cl and c2, denoted by Ape (cl,c2)

defined as ol howsycilHRhcdd peRdind ARLEINC2) = (22) The m ni num product
| 88 |

distance in Cis denote y 0'p [C] is the m ninmm

bet ween any two TgegoERHIRMGESbetheer] drhnd ciyidadoded bl A

>

roduct di stance
»¢, bl ddined@andcl #

c2} (23) As an exanple, consider the generator matrix 4,2) for M:15
described ¥usea:lier. Wth cl as (0 1 13 8, C as (1 13 8 0) and M= 15,
the three distance neasures are calculated, respectively, as follows: The

Lee di stance between ki o] ely and c2i, of cl and @) d(cll, C21)
0-11 L="1 d/(c12,c22)A&<}1’%i 11.:@5(@(’%1& C23)=113-81 L=5 d(C%%l)CM) 8- 0l L=7

15 The squared Lee distance between cl and C2

The minimum product distance in C is denoted by A’ [C] is the minimum

product distance between any two code sequences:

A%[C]= min{A’ (¢;,¢,) 1 ¢;,¢, € Cande, #¢,}

(23)

As an example, consider the generator matrix G(4,2) for M=15 described

10  earlier. With c1as (0 1 13 8), c; as (1 13 8 0) and M = 15, the three distance measures

are calculated, respectively, as follows:

The Lee distance between ith components, ¢1; and cy; , of cyand ¢,

d(cy,¢5)=0-1] ;=1 d(cpy,Cp) =|1-13]| =3
d(cy,€5) =113 -8] ;=5 d(c1y,¢0)=18-0] =7
15 The squared Lee distance between ¢ and c2

N
dz(cl’%) = 2d2(61i9c2i) =12 +32 452472 =84
=1

The product distance between ¢ and ¢;

N
Ai(cl,cz) = HdZ(cli>c2i)=12 .32.5%2.72=11025

i=l,cy#oy

20 After calculating for all the codewords, we find that the distance measures of

this (4, 2) code are respectively: d,%(c) = 54, Ap’[C] = 176.

Generally, for an AWGN channel, the error performance of the code depends

primarily on its minimum squared Euclidean distance. For a Rayleigh fading

25  channel, the error performance of a code depends primarily on its minimum product

distance,

1

is



N d2(Cl,c2) _Id 2 (di I Ci ) =12 +32 +52 +72 = 84 =1 The product

di stance between cl and C2 N Ap(cl,c2) _ fld2(cll,c2i)=12 .32 .52 .72=
11025 i =wo@Bjo4Bhy 20 After calculating for all the codewecasGomeotss nd t hat
the di stance neasures of this (4, 2) code are respectively: dL2 (c) = 54,
Ap2[C] = 176. Cenerally, for an AWGN chgnnel, the error performance of the
code depends primarily on its m ni num squared Euclidean di stance. For a

Rayl ei gh fadi ng hannel... the error r f.or ce of caode. d nds
primerily on i ST GRRA %F%‘E&’B‘i:%eneﬁ?‘gtcgﬁ%g S gy JRE R P 00165 20
The CEP forfoﬁb{;\,ﬁ@r@@mﬁ@nerator codes is illustratively determned with the

foll ow ng exanpl es: ( (8, 4) Codes: The length of the input vector is
taken to be 8 bifl3 (§.dh&odThe napper 26 slices 5 it into blocks of 2 bits

each. The sinul aty ops_us fadin | f.DT ) of I

correl ati on coef f|l€(’: e@%‘iﬁ Ogﬂie 16&3@’5%&%3%%%)'@6&%5)1? .é[ﬂ%?n%g?ﬁ&%gs}lc?%e

i nterl eavi nigintd 8icks 6f 2 Bfls dach W Hesinhuladbmoust RefadingibahdwidthayBlof 0i0959¢el ect ed,
which is approximtely around one-fifth to one-%uarter the duration of the

f ade f:ycl g. orgeeretasign cesiéicient g = R nkordisade Tt Yba) the flenRavigxi num
Generat or  poRpGtae SRBNEREs oy hBS! Bl ¥ULALE 0l SSPpBARLT 1O,

pol ynoni al saroved omd-2Jth anonefiyter theeugitibh of ertfadpeyce. The €adealyyledsi al s over

finite fields can be found, The correspondi ng. nonic
define as the reciprocal of the maximum 9101malizgd Doppler frequency.

10
There are various choices on selecting generator polynomials. If A/ =20 = 2
x 5, then starting from the primitive polynomials over Z(2) and Z(5), the different
primitive polynomials over finite fields can be found. The corresponding monic
polynomial over Z(4) based on the p-adic expansion of the primitive polynomial over
15 Z(2). Finally the two polynomials over different rings can be combined using the
Chinese Remainder Theorem for integers. Since code error performance over fading
channels depends primarily on the product distance of a code, the generator

polynomials of the (8,4) codes can be selected with larger product distance.

20 The CEP of the (8, 4) codes generated using different polynomials as a
function of signal-to-noise ratio were found for a Rayleigh fading channel and

presented in FIG. 9.

As expected, the plot in FIG. 9 shows that the CEP of codes with larger
25  product distance is much better than codes with smaller product distance. There is a
notable gain that can be achieved by the above coded modulation scheme for slow
Rayleigh fading channels. However, the decoding delay is (V- 1)-487T for each
codeword decision. This is a minor setback for applying the above coded modulation
scheme to achieve better error performance. In FIG. 9, the bit error probability (BEP)
30  of the uncoded binary differential phase shift keying (BDPSK) transmission in a

Rayleigh fading channel is given as:



pol ynom al over Z(4) based on the p-adic expansion of the primtive

pol ynom al over 15 Z(2). Finally the two polynom als over different rings
can be cowbimed’sosi ng the Chinese Remai nder Theorem f or POT&SgoI/80165i nce
code error performance over fading channels depends primarily on the
product distance of a code, the generatpr polynomals of the (8,4) codes
can be selected with |arger product disStance. 20 The CEP of the (8, 4)
codes generated using different polynomals as a function of

si gnal -t 0- noi se ratiopmgﬂqlioﬁ%g for a Rayleigh fading channgpgyand
presented in FIG 9. As @xpettgd, the plot in FIG 9 shows that the CEP of
codes with larger 25 product distance is nuch better than codes with
smal | er product distance. There is a notable gain that can be achi eved by

t he above coded [ , r ' ' nel s.
However, the degg?ﬁ%@%g{?%ﬁ?g@ﬂﬁc%& egﬂgﬁlw?rgr egﬁv%ggg%ggnd&gggi sion. This
is a m nor tseshssiont oan apgalhyivad by being ieaboeo detdd metlul aioneohenschenme to

achi eve better error perfornmance. In FIG 9, the bit error probability

( BEP) 38 of the uncoded binary differential phase shift keying (BDPSK)
transm ssion in 2%6,%%&%9“ fadi ng channel is given as: WO 03/017500

PCT/ S&1/ 00165 [l _ pYl (24) 1Y It can be seen that a significant
per f or mance i npriheanpuitdataie 6 bits dangddr suchandesi $k¢ oappara sbeesdohinpued by

usi ng the %p i nput data

d_modul ati heme.. 5 . . . Th
R R P et e BT R P Btege R Uak TR T Bt CoUA bi ts

is 6 bits 16

into two Qgraiepss TdecdtisEEhdEdS REBmantBof (6)RPEoRAYY MDwiaRFIGf R The e codes
is also 48T seconds. The error performance of (6, codes is shown in

2
FIG 9.10Théf eofesmynerptedduyedifigentarodinoaminly il Rﬁék@hfa@)agyh@wled@emiﬁ a
Rayl ei gh T a0l 09;1¢ BRMEhiSRENHSduct distance. The BEP of uncoded BDPSK is plotted

in FIG. 9 for comparison.

3) CEP performance under different correlation coefficient p.

15 The above simulations use a fading bandwidth (/5T) of 0.0059 or p = 0.9997.
The next simulation determines the CEP of codes generated by different polynomials
in Rayleigh fading channel with different fading bandwidths f5T. The correlation
coefficient p is different for different fading bandwidths /»T.

20 The (8, 4) code generated using polynomials (1 15 6 12 17) and the (6, 2)
code generated using polynomials (1 8 2 3 17) are used. For this simulation, the
signal-to-noise ratio is fixed at 22 dB. The CEP performance in correlated Rayleigh

fading channels with the different correlation coefficient p is shown in FIG. 10.

25 As mentioned earlier, the land mobile model p = Jo(2n/pT) is used. As
indicated in FIG. 10, the CEP depends on the correlation coefficient p and thus on
the fading bandwidth /pT. As /5T increases (or the channel fades faster) or as p
decreases, the error increases as expected. However, as /pT decreases and becomes
smaller than 0.02, the CEP increases. This is because as fpT decreases, the fade

30  duration increases. If the interleaving is not perfect, the long burst of errors cannot be



primarily on the m nimum product distance. The BEP of uncoded BDPSK i s
plotted in FIG 9 for conparison. 3) CEP performance under different
correl atiwo osoefshe ci ent p. 15 The above simul ati ons use aPpPCadiGogodandw dt h
(fDT) of 0.0059 or p = 0.9997. The next sinulation determ nes the CEP of
codes generated by different polynom abs in Rayleigh fading channel with
different fading bandw dths fDT. The correlation coefficient pis

different for, different fading bandw dths fDI.. 20 The (8 gener at ed
usi ng pol yﬁmoﬁlgecfiuc pfhgg syeh %’?‘3“ 8?{5’0??1%00(@,“65)&16&% § 15%%%‘%’? (eégt%f?si ng

pol ynom al sapdhiBiy2fIhd dddear € used. For this sinulation, the

signal-to-noise ratio is fixed at 22 dB. The CEP performance in correl ated

Rayl ei gh fading channels with the different correlation coefficient pis

shown in FIG 10 As .mention rlier I bile nodel p =

Jo(21tfDT) is used ABerf?rHﬁinﬁeancgdll erﬁt&teri%?’ﬁ%%%%&‘gpdepends on the

correl atg on Coefxfflifq'%.qut,ﬂ{é@mpéﬂwﬁlaﬁ& oftthe(d, aflcee anBngiuhédde.asAS f DT

i ncreases (or the channel fades faster) or as E decreases, . the error
g0

i ncreases aneiqertinigricaingdenth isdHusiprdd Ebe €hdpeodegenpateds®e smal | er t han

0. 02, he CEP | . i i . 30
Gur ot on 1 meuietnaRT S 6 7 b pRI8 AR Sl BB EEELAR pOS Pl (1ACE3 50,
errors cannpt) aReud® 1B/ ik 4500 afa] BB dLhdGEse Rfiolafidahat28dBswth that such

errors cannot be corrected due to the limted c rrﬁct,i n ca ag:iE%Pi tfy of the
code. 4) CEprisktioscaaiiceeniPrh0-8997% &g diinicrleaying deph G BEFRIesde SE PR . 11,

t he CEP, perfornmance of .th 6 ] : function
of intel ea\%‘i3 %0 e Pﬂmilaés ??C#%dés ?Srz%l%ng@%ﬁlﬁ’gg l(ngﬁ' %lg%%sﬁielatggﬂg?lg?% rrl? sélJ ng
pol ynoni al sis ¢dndbmifedl Blolwéyegastht hgell&@ying)depthdeaden ecatidd vasieepypol ynoni al s
(1823 17) are used. For_this sinul atkilon, t he siognglt,e-éﬁnoi seratio is
fixed at 22WaEpdNPRHnCIEAseia|thy i e YRS ATRi dogs Nt improge e CIAR perfymance
| nterl eavi ngdBPLIIQ IoGIEARESIso blfeSERIRLAAP a9 ahithoithy S8hals dect eases
significantly, Ichindicat8s that the burst of “errors
therefore, interleaving depth should be chosen expediently.
15
It will be appreciated that although one preferred embodiment has been
described in detail, various modifications and improvements can be made by a
person skilled in the art without departing from the scope of the present invention.
For example, the symbol modulator 18 can also be implemented with a frequency
20  shift keying modulator. Further, a coherent phase encoder can be used to encode the

interleaved modulated N symbols instead of the differential phase encoder 34.



i s random zed. However, as the interleaving depth reaches a certain val ue,
any subsequent increase in the interleaving depth does not inprove the CEP
per f or mran®™0 033f17§96t h codes. Interl eaving al so i ncreases deeods¢@/defsay and
menory size and, therefore, interleaving depth should be chosen
expediently. 15 1t will be appreciateqﬁthat al t hough one preferred

enbodi nent has been described in detdll, various nodifications and

i nprovenents can be nade by a person skilled in the art w thout departing
fromthe scope of the present invention. For exanple, the synbol nodul ator
18 can also be inplenented with a fréiuiancy 20 shift keyi ng nodul ator.
Further, a coherent phase encoder can be used to encode the interleaved

nodul at ed N syfboirslepheaaREnisrlionEsigmEaEstial phase encoder 34. WO

03/ 017500 PCT/ SX1/0 b Rk GRS aGRIraN iof 8§hBsls,syst em
conprising: a mpperg#ggppﬁﬁg)ﬁgﬁgblggglpéﬁﬁyty of bits into a plurality of

symbol s 5 eachbadiofsaidblptalityadfisysmbols bsingtiosasidted with aue etmareed sgidt h one or
nore of said plurality of bits; and an encoder, coupled to said napper,
for encoding saiphlr%miroélbitﬁ;y of symbols to a corresponding plurality of
integers nodulo Mtodgrive a 10 plurality of coded synbols at said encoder
output, said Mbeing an arbitrary predeterm ned integer. 2. The wreless
communi cation syst emaasncéderrredplediaiaid manneryies prgodingziat PIHRERET i s adapt ed

t N bi bits into N ¥ : i ng, id N
and ' bei ng posFTRUES e sggrponfiat Rl DB e i Rup S0 qortal | A3, O
communiqgation s Hyas coll@l satbolsnt Slidienrcier vhipuesaid dMbeing emeditearyi s

adapted to encode said N n synbols over said Z(M ring into N coded
predetermined integer.

2. The wireless communication system as claimed in Claim 1, wherein said
mapper is adapted to map N binary source bits into N/n symbols over a 72"

15 ring, said N and n being positive integers and n is a factor of N.

3. The wireless communication system as claimed in Claim 2, wherein said
encoder is adapted to encode said N/n symbols over said Z(M) ring into N coded
symbols defined over a Z(M) ring and M > 2"
20

4.  The wireless communication system as claimed in Claim 3, and further
comprising a modulator for modulating said N symbols defined over said Z(M)

ring.

25 5. The wireless communication system as claimed in Claim 4, wherein said

modulator comprises a phase modulator.

6.  The wireless communication system as claimed in Claim 4, wherein said
modulator comprises a frequency shift keying modulator.
30
7. The wireless communication system as claimed in Claim 4, and further

comprising an interleaver for interleaving said modulated N symbols.



synbol s defined over a Z(M ring and M > 2". 20 4. The wreless

communi cation systemas clainmed in Claim3, and further conprising a

nodul at orwbas/ommsdul ati ng said N synbol s defi ned over sai dpPZiigcoiminag. 25 5.
The wirel ess comruni cation systemas clained in daim4, wherein said
nodul at or conprises a phase nodul ator. 5. The wirel ess communi cation system
as clainmed in daim4, wherein said nbdul ator conprises a frequency shift
keying nodulator. 30 7. The wireless communi cation systemas clainmed in
Claim4, and further conprising an interleaver for interleaving said

modul at ed .Sy PR SrireldG %ﬁlﬁﬁlﬁé&gﬁmp ER@HLRLO ™ ClRAn 9, anf@riiéy el ess

communi cation systemas clained in aim7, and further conprisi ng a
differential porapdsiopeciffereitinl phase cu¢adgr uicdcidingsaidimasitanasoupdilaig
synbols. 5 9. The WI rel ess conmuni cation systemas clainmed in Claim 7 and
further corrpN g?séi coherent phase encoder for encoding said interl eaved
nodul ated N synbols. 10 10. In a wWreless comuni cati on system a nethod
for encoding a binary_ input %nal said nethod conpri si t he steps of.
nmappi ng sail pl Uhawitelpsheompppricy W}/@te@aﬁwbalm@«}ﬂrb@ aw&bmdsi%ﬂb@rch of said

plurality of Eéfx{{’gg&ﬁ %'oﬂ $hO& e%{c@ ?614}1 ng&iﬁg%dniﬁéﬁea%d ﬁ%‘dﬂlg@rﬁlg{la' ity of

bits: 15 and sal ural correspon
plurality of symbols.

10 10. In a wireless communication system, a method for encoding a binary input
signal, said method comprising the steps of:
mapping said plurality of bits into a plurality of symbols, each of said
plurality of symbols being associated with one or more of said plurality of
bits;
15 and
encoding said plurality of symbols to a corresponding plurality of
integers modulo M to derive a plurality of codewords, said M being an

arbitrary predetermined integer.

20 11. The method as claimed in Claim 10, wherein said mapping step comprises the
step of mapping N bits into N/n symbols over a Z(2") ring, said N and n being

positive integers and n is a factor of N.

12.  The method as claimed in Claim 11, wherein said encoding step comprises the
25 step of encoding said N/n symbols over said Z(M) ring into N symbols defined
over a Z(M) ring and M > 2",

13.  The method as claimed in Claim 12, and further comprising the step of
modulating said N symbols defined over said Z(M) ring.
30



integers nodulo Mto derive a plurality of codewords, said M being an
arbitrary predeterm ned integer. 20 11. The nethod as clainmed in Caim 10,
wher ei n swod3mepEpl ng step conprises the step of mappi ng RChisSGe1/Hoed N n
synbols over a Z(2") ring, said N and n being positive integers and nis a
factor of N. 12. The nethod as cl ainmed,tn G aim 11, wherein said encoding
step conprises the 25 step of encoding said NNn synbols over said Z(M

ring into N synhols defined. aover, a ri ng and 2". 13, The method as
cl ai ned inl\iél' ai hhepethad gs elaimaddp Q@Wﬁyﬂlﬁﬁl’%@ég&oﬁﬁﬁ&ﬁg SBSOMRITHg said N
symbol s defi ngd Quesr phadiddndddMidgl Ng- 30 WO 03/017500 PCT/ S&01/00165 25 14.
The nmethod as clainmed in daimI3, wherein said nodulating step conprises
the step of phase nodul ating. 15. The nmethod as clained in Caim 13,

Keyi ng moduat § piF oot sh e RREBR BT E amsbel 0 ERliph SRHRASPS o1

conpri sisng t heheSstPofdtequently@hifeladimOmsailgtingpdul ated N symbols. 10 17. The
nmet hod as clainmed in Caim16, and further conprising the step of

differential phase encoding said interleaved nodul ated N synbols. 18. The

phase encoding. 1oy e 2 Pllb ATiabt [ A58 (RETREb LG BEGRER, 77 o\ SO0 ™

conmmuni cat i onimyddagingaatinnodulaigd Nasydotsder for decodi ng an out put phasor
stream of a coded baseband signal to derive an estimte of a codeword,
sai d out put phasor streamhaving a plurality of synbols encoded therein

and corgespendi fge £QuRalad cGRNRMR Eaim 16, and further comprising the step of

differential phase encoding said interleaved modulated N symbols.

18.  The method as claimed in Claim 16, and further comprising the step of
coherent phase encoding said interleaved modulated N symbols.
15
19. A wireless communication system comprising:
a decoder for decoding an output phasor stream of a coded baseband
signal to derive an estimate of a codeword, said output phasor stream having
a plurality of symbols encoded therein and corresponding to said codeword,
20 each of said plurality of symbols being associated with one or more of a
plurality of bits;
and
a demapper for demapping said estimate of said codeword to derive
said plurality of bits from decoded symbols.
25
20. The wireless communication system as claimed in Claim 19, wherein said

decoder comprises a Viterbi decoder for decoding over a ring.



20 each of said plurality of synbols being associated with one or nore of a
plurality of bits; and a demapper for demapping said estimate of said
codeword wooderisoe said plurality of bits from decoded syairsce1/o®ss 20. The
Wi rel ess comuni cation systemas clainmed in Claim19, wherein said decoder
conprises a Viterbi decoder for decodipg over a ring. WO 03/017500

PCT/ S&1/ 00165 26 21. In a wireless conmunication system a nethod for

decodi ng a . god baseband signal, said nethod_coppri.sin he st.e of :
decodi ng ar%(iout @twﬁﬁﬁﬁpnﬂ‘i"g@ﬁ?&sy%g%a 1@8@‘8& f‘ifefgg%%ﬂ%agf)é?fgq’as 1?)"I%aderi ve
an estinmate ofjoRqICRUPNRILEd coRbHsIAN IRUeRIRSOr stream having a 5 plurality
of synbols encoded therein and corresponding to said codeword, each of

said plurality of syrdseddingai ewgpaisdusirstreanwl s4id opdeddrasehand sighalfo plurality
of bits; and de Lng.sald estijymte, of..said, cod rd t erjve said
ol ural ity of 10080 o Bt Rl S TS BRAR ll BMLA F Tt i
A ai m 28, wher eiphraifyhfdpabels dacoled phet€ifpnd s@8eshbding tefidEodéinboed, bi
decodi ng over a ring. . ) ) i .
each of said plurality of symbols being associated with one or more of a
plurality of bits;
and
demapping said estimate of said codeword to derive said plurality of

10 bits from decoded symbols.

22. The method as claimed in Claim 21, wherein said decoding step comprises the

step of Viterbi decoding over a ring.



