;e3e}xxyL{F{"}6X} T}ozB An Encoder System A Decoder System A

Codi ng/ Decodi ng_Appar atus, An Encodi ng Met hod And A Decodi iwel d
of the Invention The present invention relates to an encod WMWM
decoder system and a codi ng/ decodi ng apparatus for a numnbe / or
channel codes for wireless comunications systens, and al so t o"'?Phods for
encodi ng and/ or decodi ng a signal accordhng to any o

and/ or channel codes. Background of the I'nvention In Wi rﬁﬂ%ﬂwummﬂm
comuni cations systens, obtaining reliable high-speed co oses
a nunber of problens for the wireless channel. The signal trarymw®ted over
the w rel ess_channel |s subj ect to rrultl -path di stortl on whi ch may

si gni fi cant | ANENGRGECH AW R 5 i ¢ a5 |
Forward error control WrEELCGH ﬁietﬁ g%n@Ae o] reduce
transm ssion errors mM&éﬂ%here are many
types of conventional FEC channel codes having error correction

capabi | i ti eEiefcbof thealnvemtioronvol uti onal codes, bl ock codes, Hanmi ng codes
and turbo codes The choi ce of FEC channel codes vvi || depend on the
required qu ervice de ned b anp data rate,

del ay rat esa|L léqs,egflr}vgpﬁgn rgﬁgeq%alpg Bd%rh ﬁ@%ﬁ%glrlsyse@ﬁf‘gr%nt
FEC/ channel duiiefdeéddin Ga;ﬁiﬂ?ét%%r'd‘n@?ﬁdeﬁ”&nFEét ah eflichfi8s &bt

standards wi || have di f?er ent target applications an% herefore g%f er ent
quality of yéreless: commsynicatipns systams, addvalsertp methody foe edesdingdaridjor

i T Tor ont "comengiEs SERBLASGFlato dhvidia Rlubersf PECSR BP Ridig) oucs."

FEC/ channel codes, one comonly used conventional nethod is to errpl oy

mul tiple encBn:td(goundtdslratﬁermmﬁ'tibher and multiple S 2 decoders in the
recei ver. However, this has the di sadvantage of requiring the comrunication

equi pnent tg be extrenel Iex Thus, there is a need to provide a
codi ng/ decodf'ng (@SBEC)C%V a&ﬁaspr%Yéé%@Sf oPbtairing; t reliable: i pigh-speed

FEC/ channel &ﬁﬂﬁﬁn?ﬁﬁtlgﬁ%bﬁﬁﬁ%mﬁﬂ% m@féeﬁ%)?erﬂﬁﬁ‘@r ﬁw%o\'r} gfe%@'c#agﬂﬁ cJhe oo

conventional systens e lnventron-l
t he present mgnaimltansmitbeabmdemeawnrelwsctdwnaedIwubject%erhuﬂw;séthrﬂlét@ﬁlo?h

nb f FE h I d th h f dul d
Fecont i gur | AETIERANEY IR HiGaID&Taek BRI AT IREE O POESe Ginthe. SaneeVtad The
syst ens enbeghtang FopRary éﬁéﬂbohﬂﬂdlg( @%hﬂﬁ)ﬁepéod’é’ssérlé’wm LB ¢ ¢4 r%dhc?e“ppor t

di fferent types of FEC channel resent I nvention
advant age oftransmigsion areordvier@ radist charm@rmb;eo’ngotfadlrfg exiThete aye oharyODEC

t f t t A di
to e first Aol ConRRRBaCr e o) S3et RAY NG, ST tre R ES el gnal
accordi ng t fomBxa®ble} coHvRRitiontl idbGesNdioek 60y amPilRs cddel §H§tt% XCR)

conprising: a shift register; an array of nodul ation/ Ech usi veOR (
st ages couplcéde% the shift register; a generator matrix stage coupled to
the shift register and/or the array of MOD/ XOR stages to control one or

encoder sel At ShOEPPBEFECIESIAI oS88 I adtshal Y 5 Heiines! BEshv Al

encode an i sewitendetarmirdd by, for example, the data rate, delay rates and error rates,
and the radio channel. Typically, different FEC/channel codes will be
employed in different standards as different standards will have different
target applications and therefore different quality of service (QOS)
requirements.  However, it may be desired to support, within the same
standard, a set of FEC/channel codes providing different coding gains for

different services.

To support multiple FEC/channel codes, one commonly used conventional

method is to employ multiple encoders in the transmitter and multiple



'3 the generator matrix stage being arranged to alter the one or nore
connections between the shift register and the MO/ XOR stages according to
the coding format selected by the encoder selection stage. Preferably, the
generator matrix stage is arranged to alter the one or nore connections
between the shift register and the MO XOR stages according to a W.AN
coding format, and/or a WCDVA coding forgat, and/or a W.AN OFDM codi ng
format, andlor a WLAN PBCC coding format?T In a further preferred
enbodi ment, the generator matrix stage may be arranged to alter the one or
nore connections between the shift register and the MO XOR st ages
according to a turbo coding fornmat. According to a second aspect of the
i nventi on t ldecedess iprtbeireleriver. d Elovyer dhist han therdisedveantage af equiring thecoded
according t f r_of nd/ or, channel codes, the system
conpri si ng: %Sﬂﬂﬁ'z!@&?ﬁ@%ﬁﬁ@?e’ﬁtgg%e%% el*&f’mp)le)gtage coupled to the
decodi ng stage to configure the decoding stage to a decoding code format to
be applied (Tthudedieste BnaimssiTie)provigsad ;codirtgdsstriing ¢CODEQY sybi@e dieup! ed
to the generator matri x stage and arranged to sel ect a decodi ng code fornat
to be used PEORSSHPE uss Witk savltiplechEei@nsrh rades whichvishlessecampleyand

sel ection stnq&g i : I sgglﬁae trix stage to
configure the e%%&?ﬁdégtqgg%tcggg%?ﬁdqﬁw%@me eé%gliqé%g'rgode format sel ected
by the decoder selection stage. Preferably, the decoding stage conprises a
reconf i gur alSwnmaryrdfithddneemtionl n a preferred enbodi nent, the

reconfigurable Viterbi decoder may conpri se: 4 the generator matrix
stage; a branch generatiop stage for nerating one or pore branche
according t ntgr?é’%é%r]ﬁgpgf’p&erraﬁ%ﬂ?[ é’?"&%@,"”tﬁ{e"@gamea‘é%?fa%fﬂ@ﬁf gﬁﬁﬂéerhavi ng
an output; gyblepRedt arﬁhfnb@rw!mc/afmml%o@ag ERBHGH triebbiRarihy bhEorBRief at or

matrix stage, the branch nmetric calculation stage having an™ nput connected
to the out pmodifles madbreseofigying the iothersmagslesaaccardingutgpthe cade format

add- conpar e-_s¢l st hayin in nnected.to the output of ithe

branch rret_risg%é;gﬁful afﬁ%r?yg%/%g,eqﬁhﬂdﬁﬁéo@?“pﬁ%segﬂdn\étergmmﬁﬁ%ﬁeﬁﬁ?' st age

havi ng an i gpHfig@ednicsagpdre diffiereptitypds 6f FEGIchannel codes. The present
invention has the advantage of reducing hardware cost and ensuring the

flexibility of CODEC systems for use, for example, in wireless communications
systems.

According to a first aspect there is provided an encoder system for encoding a
signal according to any of a number of FEC and/or channel codes, the system
comprising:

a shift register;

an array of modulation/ExclusiveOR (MOD/XOR) stages coupled to the
shift register;

a generator matrix stage coupled to the shift register and/or the array of
MOD/XOR stages to control one or more connections between the shift
register and the MOD/XOR stages;

an encoder selection stage arranged to select a coding format to be
used to encode an incoming signal;



" add-'conpar e-sel ect stage; wherein the branch netric calculation stage is
arranged to cal cul ate one or nore branch netrics which are applied to the
i nput of the add conpare-sel ect stage; and wherein the add-conpare-sel ect
stage is arranged to | ocate one or nore survivor paths froma nunber of
transitions between states in a trellis defined by the branch generation
stage, the survivor nenory stage being arranged to store the one or nore
survivor paths; the decoder being arrand%d to apply a trace back mechani sm
to the survivor nmenory stage during decoding to produces a decoded si gnal
Preferably, the decoder selection stage is arranged to instruct the
generator matrix stage to configure the decodi ng stage according to any one
or nore dectid generathr rMairixesttagabeing arranyed tohalteoriheloneicymadrecodes of W.AN

and/ or WCDVA co ni_cation st as ., sel ecte decoder sel ection
stage. In acﬁ?%%é}eé%ﬁﬁ?'X"eﬁﬁﬁsr?ﬂgt%f&'lfgf@mgﬁ%51%&%35%?9”'”9"‘9/ 5 one
or nore recy ¢adingRbrendieldied Wpthé enedgssselEkirestagey. the one or nore
reconfi gurabl e Max-Log- MAP decodéers conprise: the generator matri x stage

having a output; a trellis generator stage having an input connectable to
t he out put bfeferablyether aenrratalt makix stage, isaadanged to @iter sheane aemares

gener ator sEamECteRs taRBn LR Khirt HERTEH &k e PO e metr!fing Band an
extrinsic i af WLRN i codiripferatt iand/srt a0f/0PMIANBodiRgi Rkt CandYer lalieako t he
out put of the S)ath metrics cal cul ator stage; wherein the generator matrix

st age being nerding Joppat.i angd/er ehWViAN| PBEG eeding farmatagén andurthes pat h

metrics cal opdi e d fined t he
decoder sel EryTPised HhBEAnEROMHE! Qe oy hab R SRRy te BeBehdtcald.
conpri ses atheeonaforgmosdlocandectisey batwemp itk shifp esdistemathelcthid MODASBR f or
di fferent convol uti ongl andl or RSC . codes dependi ng on the decodi ng code
format sel e Eswcpfﬁn%gbﬁd@rbos‘éqdéﬁg P&t age. In a further preferred
enbodi ment, the decodi ng stage conprises a reconfigurabl e decoder arranged
to perform i i ERAESH e
decodi ng coggéggjlrlﬁgé ?Zlgg%(%rgj ageég[:tggf gﬁ?&%ﬁilggltggﬁﬁngst age. %gggg?c;ﬁ}ng to
a third aspeysteor far decodingeatsignal encodad tdeeoeding tpranyi ofeal nainutmati ofg-BGd

decoding. SY3H G CREHTGPoddRS, BREGUGN pisisgai N9 @ si gnal according to

a decoding stage;

a generator matrix stage coupled to the decoding stage to configure
the decoding stage to a decoding code format to be applied to decode an
incoming signal;

a decoder selection stage coupled to the generator matrix stage and
arranged to select a decoding code format to be used to decode an incoming

encoded signal; wherein

the decoder selection stage is arranged to instruct the generator matrix
stage to configure the decoding stage according to the decoding code format
selected by the decoder selection stage.

Preferably, the decoding stage comprises a reconfigurable Viterbi decoder.

In a preferred embodiment, the reconfigurable Viterbi decoder may comprise:



"any "of a nunber of FEC andl or channel codes conprising the encoder system
defi ned above. 6 According to a fourth aspect of the present invention
there is provided a coding and decodi ng system (codec) for encodi ng and
decodi ng a signal according to any of a nunber of FEC and/or channel codes
conprising the decoder system defined above. According to a fifth aspect of
the invention there is provided a codi ng,and decodi ng system (codec) for
encodi ng and decodi ng a signal according4to any of a number of FEC andl or
channel codes conprising the encoder system defined above and t he decoder
system defi ned above. According to a sixth aspect of the invention there is
provi ded a nethod for encoding a signal according to any of a nunber of FEC
and/ or channel cdbegeneratormatiddstagepri sing the steps of: selecting in an
encoder selection stage a coding format to be used to encode an incom ng

signal; altering neratQr matrix stage one or nore connections

bet ween a shift rdegr;hrg?%f ié{gergﬁ%n o§ta%rg)rl\/%’9(£”gtQB%so%dEBerjibﬁQn@'&ﬁsc he
sel ected codicegrding t@the gepettor h)atﬁb%taegtqqﬁ@rbréﬁér?géheféti% Sae MG N9
to a seventhngéslﬁect of the invention there is provided a net o% for

decoding a & Pubiccor di ng to any of a nunmber of FEC andl or channel codes,
the method conprising the steps of: selecting in a decoder selection stage

a decodi ng code f. t : i i encoded si gpal ;

appl yi ng the sel g?@geﬁggﬁngﬁggﬁge?‘%ﬁﬁj% @Hg"égbggggry;&’& 8%?@?9{ @gﬁ'!fe and
confi guri ng stagendhe Hragemenetriorcalaulation staygehavidgcndfipus iceafetrdiRCRde an

i ncom ng si %nfl tai?%r gi ng,to the.sel ected decodi ng code format. 7 Brief
Descri at i on °BtPY (A1 9enaration gtage: and@sutewt wi 1 | now be described by
way of exanple and with

an add-compare-select stage having an input connected to the output
of the branch metric calculation stage, and an output; and

a survivor memory stage having an input connected to the output of the
add-compare-select stage;

wherein the branch metric calculation stage is arranged to calculate
one or more branch metrics which are applied to the input of the add-
compare-select stage;

and wherein the add-compare-select stage is arranged to locate one or
more survivor paths from a number of transitions between states in a trellis
defined by the branch generation stage, the survivor memory stage being
arranged to store the one or more survivor paths;

the decoder being arranged to apply a trace back mechanism to the
survivor memory stage during decoding to produces a decoded signal.

Preferably, the decoder selection stage is arranged to instruct the generator
matrix stage to configure the decoding stage according to any one or more
decoding code formats associated with convolutional codes of WLAN and/or
WCDMA communication systems as selected by the decoder selection stage.

In a preferred embodiment, the decoding stage comprises:



"reference to the acconpanying drawings in which: Figure la is a schematic

bl ock di agram of a conventional rate 112 convol utional encoder for use in
WCDMA systens; Figure 1 b is a schematic block diagram of a conventi onal
rate 113 convol uti onal encoder for use in WCDVA systens; Figure 2a is a
schematic bl ock diagram of a conventional rate 112 convol utional encoder
for use in WLAN OFDM node; Figure 2b is schemati ¢ bl ock di agram of a
conventional rate 112 convol utional encoder for use in W.AN PBCC node;
Figure 3 is a schematic bl ock diagramof a CODEC for use in W.AN and WCDVA
systens according to a preferred enbodi nent of the invention; Figure 4 is a
schematic bl ock di agram of a conventional Viterbi decoder; Figure 5 is a
schemati c bl ock N&yPamMOse recandigorable Mawleg-MAR decodersoder according to an
enbodi nent of the invention; Figure 6 is a schenmatic bl ock diagramof a

conventi onal i i es; Figure 7.s a
schemati ¢ bl%r%térgp%%g@é of ﬁz‘}’gmﬁ’ g@ﬁ#ga%lwég'&ﬁgéﬁgﬁoiﬁﬁm& BUEPIEST use
in the systemof Figure 6 applicable to a first turbo code; Figure 8 is a
schematic bl ock dhegenerator matrix stagethavinga cutpetpvent i onal encoder for use
in the systemof Figure 6 applicable to a second turbo code; S Figure 9
is a schematic bl Ofk di a‘?qqrﬂa\t_rq of .a C for ,two turbo codes according to an
enbodi ment of t hé MUSIFIIAM0F 4298 hayingsag igpiereinectahiedr theutart 6f a
convent i onalthggenkRtoMNBHHESAGE! afd %H%Htﬁte; and Figure 11 is a schematic
bl ock di agram of a reconfi gurabl e max-10g-MAP decoder according to an
enbodi ment of the invention. Description of Preferred Enbodi nents The
standards for W./APAIDVREEgstcaleulaios) stage shandnglan ynme conremabieutol tel

codes. Figur, _' d t,onal rate.112 conyol yti onal . encoder
1 for use iE%F@If}?%ﬁatk‘hmbgﬁgf%‘?@&@%e*'E%BBHEP‘ “Cc%ﬁ%‘PP@g%' A0E MAING
bi st abl e st agesutput;@mdect ed i n sequence to forma shift register. In the

systemof Figure 1 a, the encoder 1 conprises eight bistable stages 2. The

out puts of the bistabl.e _st.a&gs 2 of the shift reﬁi ster are coupled to a
plurality of Md@oPEUBSiGINTRENRtICNMSIGURyoR stageshaving aminput soanectableyed t o

form 1o o 19 oSRBPHIAAN HERRECEUAEPLAE. ghangs, As he encoder 1

has a rate of 112, it receives one input siIgn uces two out put

signals. The input signal passes through the bistable stages 2 formng the
shift register aitheigengsptorematrix tstage vieeing varrafigedoRb XEbhfigurgethet trllis The
outputs fro es 2, 0f the shift gi ster are connected to

i bl
t he MOD/ xmaﬁbggaég'l fétéi%e ?"’H%afiﬁ? B&lhe MRtHES) %%ﬁ‘djé{ﬂ%esﬁagep AseRIding He theo
out put si gngkkecfal Bode Bs definb¥byithe HecdBEr S31LEHN §tia§8?" s are thereby

encoded. The output signal Qutput O fromthe outputS of the first row 4 of

MOD/ XOR st ages according to the configuration of Figure 1 a is encoded
according t & preferred embodiment, the decoding stage comprises a reconfigurable

decoder arranged to perform decoding tasks for different convolutional and/or
RSC codes depending on the decoding code format selected by the decoder
selection stage.

In a further preferred embodiment, the decoding stage comprises a
reconfigurable decoder arranged to perform decoding tasks for one or more
turbo codes depending on the decoding code format selected by the decoder
selection stage.

According to a third aspect of the present invention there is provided a coding
and decoding system (codec) for encoding and decoding a signal according to
any of a number of FEC and/or channel codes comprising the encoder system
defined above.



\

codi'ng Go which equals 561 in octals. The output signal Qutput 1 fromthe
9 outputs of the second row 6 of MOD/ XOR stages according to the
configuration of Figure 1 a is encoded according to a coding G- which
equals 753 in octals. Figure 1 b shows an alternative conventiona

convol utional encoder 10 for use in typical WDMA systens. The encoder 10
has a rate of 1/3 and thus receives one bnput signal and produces three
out put signals. The encoder 10 conprises a nunber of bistable stages 12
connected in sequence to forma shift register. In the systemof Figure 1b
t he encoder 10 conprises eight bistable stages 12. The encoder 8 al so
conprises a plurality of MO XOR stages 14, 16, 18 which are arranged to
formthree &Wf@ﬂgs@qaeﬁﬁ?&lﬂm pspednok the: prasemt Xarestion dlsereTise provided s gnal

passes thro : i e S f e shift reqister the outputs of
which are c%&?fﬁggp g @%@'ﬁ%%%%%@? i&rasggoq'ﬂ,g q_'%s, cfﬁgopwgaa sighal
predet er ni netcorting 6 earlyoofoa atlimisert 6E FED aAd@tdiznngi 888és cOHipPidinddtheut put
1 and Qutput, 2. - The out pié signals are thereby encoded. The out put” si gnal

Qut put 0 fr Sieceder syptemdefiiediakove. r st row 14 of MOD/ XOR stages accor di ng
to the configuration of Figure 1 b is encoded according to the a coding Go
whi ch equal pdRardih® t8C4 3if: t iplal ingl QYR Mt heyiRyt s of
t he second row 1_6I gf M&J@égsmgc@gkg%tto t eplcj?(\)lml gurgﬁ@# %}#&

Fi gure 1b i sleendingesysterodcades) fonentmling audid@o&ng!@bi@fnaéﬂd@drﬂir?t& anty
octals. The gutﬁut Si thlﬁ(E{t 2 fronlth out puts, of the third row 18 of
MDD XCR st a§L BORGRG G g'l:E #YOE SHRNPEL SP9em CoMnHsig the) epcpdereAryiar
accor di ng t eefified abe98iand 18 d8Rbalr SiahSddihbd dbdvet al s. Figure 2a shows a
conventional rate 1/2 convol uti ona? §g‘ﬁcode(-:rYf"h?e(gjrérbuds?%'i n W.AN OFDM node. Thi s
encoder 20 conprises a series of bistable stages 22 connected sequentially
to form a sKiccerdiagiteta sixtiTiaspegt ot thefnvenjionetheee o ppovides asmethod tfabl e

T anged i neRGEohG A bERaPALEIRY (R bishBL of B AR el codes ©
sequent i al | yhe method comprigihg the stdpeofncoder 20 of Figure 2a has one input

and two outputs. The input signal passes through the bistable stages 22

form ng the shift [eggi ster and the outputs fromthe bistable stages 22 of
the shift regist 8PIESIRIJQANceRRAar seledionsiagerd sedigaformahtpbediaest toi ned

sequence to : ; put signals Qutput 0 and Qutput 1. The

out put signgﬁgegggﬁt'ﬁéﬁg@y%éﬁﬁ%ded. The output signal Qutput O fromthe
outputs of the first row 24 of MO XOR stages according to the

confi guration of affeduog én 2agérserator adattixastage dinegoit more cofhadtidss bbiwadenequal s

133 in octals,,.Jhe oyt put K signal Out om the outputs, of the second
ow 26 of  MESTIGREUBRSL 3hd M merd BORK QB gk abroRing ting Felesied <
encoded accebdingFotrAabsdlesiedbyIhedHcoder bR oA élagel Octals. Figure 2b is a
schemati c bl ock di agram of a conventional rate 112 convol uti onal encoder 30

for WLAN PBCC node. The structure of the encoder 30 of Figure 2b is the
same as t haf\cgeting tra sayenth asped i dhe inventiontheregisrrrovidedral metbod dor

Systems. - Thoceyd o BatiGer b F8ALR A M iBef BREC ot Bhepiticifpes 2
and 2b is i thd metlead ecvgerising thé stéps sfecond row of MOD/ XOR stages 26, 32 to

provi de the appropriate coding for the respective systens. The out put

signal Qutput O fron}.the outgut of the first row 24 of MDD/ XOR sta%;s
according to t heSEBRING IR & ABROYRT $elgatien stage; acfrending gederiarmgt to

codi ng Go ' i t tput signal Qutput 1 fromthe
out puts of Wg]ﬁg@gggﬁ%g? é@%zﬂ@%ﬁ?ﬁ%@%%’g’es according to the
configuration of Figure 2b is encoded according to a coding G- which equal s
175 in octals. applyFigglhe ®lecded detadingieodd deknati toyraamgenieratogematrid
CODEC acc\c;%@g. ég a preferred enbodi nent of the invention for use in, for
exanpl e, h t wo- node conmuni cati on systens. The encoder section
34 conprises an encoder selection section 36 which selects the particul ar

code to be used tomfiguringensing e PgOREI%or ThatriRNSRYR asleBsHEOsta§E L ION 36
is coupled to the input of a generator matrix staged 38. The out put of the
t

gener at or n@€FPGE 2R Rroming;sional ageerding tathenzeleetedidesodingsende faraitst er and
an array of MO XOR gates 40. The input signal is applied to the shift

regi ster and the array of MOD/ XOR gates 40 where it is encoded. The
generator matrix stage 38 configures the connections between the shift

regi ster and the MOD/ XOR gat es, depending on the selection nmade by the
encoder sel ection section 36 to produce the encoded output signals. For
exanpl e, the generator matrix stage 38 may configure the aforenentioned
connections according to the codings Go, G- and & gi ven above in respect

Y p— o A . ~ . A~ Y 1 Y



' 50 i's a formof maxinmumlikelihood decoder for the decodi ng of
convol uti onal codes. 12 In the conventional Viterbi decoder 50 shown in
Figure 4, the incomng signal is applied to a branch generation stage 52
whi ch generates branches of a trellis according to fixed generator matrix
settings. The output of the branch generation stage 52 is applied to the
i nput of a branch nmetric calculation stage 54. The branch netric
cal cul ati on stage 54 neasures the difference between the received synbo
and the synbol that causes the transitions between the states in the
trellis. The branch netric for all possible transitions between all pairs

of states in a given trellis (as defined by the generator matrix) are
gener at ed i@!&gpﬂﬁﬁ!@ﬂgﬁé&!h&@!ﬂﬂgéti on stage 54. The output of the
branch netric calculation stage 54 is applied to the input of an

add- conpar e : i,.ch rmpes the_survivor th
entering ea;ﬁﬁés? g(%seér@ﬁﬁ%%@}cﬁggfllfﬁng%edggé@@rq ﬁ%tW?’ésOfo?xa&”@Pv%'}r‘)f? with
transition beference & thicescdomparyingedrawings irswalch: added in the ACS stage 56
to the corresponding partial path netrics stored in a path netric nenory
(not shown)._.The n w,gartial ath m?trics, for the survivor paths are then
conpar ed i n i9¥eAdE SBade sshematic dlockrdiagearat pbraneanysntional fdeh1f@trics
correspondi NS i.ng that state. The
transition %ingﬁlﬂgéaiﬁg%ﬁﬁr{uﬁeg@%gm%a {ér?rﬁe Ticis selected to be the
survivor path of the state. The path netric of the survivor path of each
state is thdigueddtbedsamd schemadici hladke qiagtameof i@ oemwentionat higte t Hes ACS
stage 56. T . e 56 is the .c f a conventional Viterbi decoder
whi ch typi C%PQ@Sﬁé?‘?ﬁ%CO&?fﬁ%{ﬁgfeAeghﬁ[ﬁ\éﬁévg MFhe output fromthe ACS
stage 56 is coupled to a survivor nenory stage 58 and the survivor nenory
stage 58 st Giguret 1B SI ¥ \e2heRRHBS bldtK TAEGraARCKT NECBEMSHToha! 2RRL1 8@ to
the survivor nenpry during the deco im stage to recover the original data.

d
13 1t will envelationalgncoder fsdise inVEANN@FPMimdegener ati on and the branch
metric cal culation stages 52, 54 are closely related to the generator

matri x of ap@- frgolapt i;ongl .t preci a t and a rdi ng
to a preferre )eénbzlobdilﬁe%t S%ﬁgﬁ?gbi rtl)ven %ﬁ&ag@ éﬁogl' né&ﬁledﬂﬁb?%\t@ge rrgﬁ)l X to
control theceonvolutignalencoder forarselin WhANPBGT siodge 52 and the branch
metric cal culation stage 54, a reconfigurable Viterbi decoder may be

constructed,. Such, a reconfigurabl ecoder y e different

convol ut | ongllgtgggérés. %P lﬁr@g@c ;%iocj( 8@9@%’& P@b@&gﬁé}gifabr“&ﬁ] BhBiANY and
reconf i gur apVGDMIA 8y&teicagifaingto A gierelred ehibRiMER( 6f the dnftiti mont of
the present invention. In Figuré& 5, 'a generator matriX I's configured by
a decoder selection stage (not shown) and applied to a branch netric

generation §igie 4ia asehematiablopk diagram efa canventionakVitgri decoderont rol t he
settings of the branch netric generation stage 64 and the branch netric

cal cul ati on : : [ ' oder, 60 .i s
applied to gyuﬁﬁ?u'?éoaf E?ﬁ%rﬁ%ﬁggg k;gﬂ%?éﬁ gﬁe&sY%%@%éﬂgaﬁﬂgﬁ&fsbgﬁcwe%i ch
is coupl ed aoccerdengotosart embedimentoaflthelimémipnst age 66. The branch netrics
calculated in the branch netric calculation stage 66 are applied to the

i nput of an~ACS st.age 68. The survivor hs fromthe ACS stage 68 are
apBI ied to gl%’%?d?%ds‘?%”&atﬁwwégfa%'ﬁg? snvertional freo pAsRAREEYHAMs m

applied to hA@ng4wsitMAio éedEy:y 70 during the decoding stage produces the
decoded sequence. A general CODEC enbodying the reconfigurable Viterbi
decoder 60 according to a preferred enbodi ment of the invention has a high
f1exibilityFigwgeis is & schematiexblookiagiam wofatheostradtiirerafl a GXBPE@Ntisad! | n

mul ti pl e FE es. t grd. the settings, .fqgr, exanple of the
gener at or rr%?@s%} Fggﬂ%ﬁﬁogét%%eo?féé@ﬁp%aw“ %rlﬁjﬁ%%rf'r%ftug?‘?? &nt
FEC/ channel codes whil st keeping the core nodul es unchanged. 14 The

decoder of Figywe 8 5s iss schematior isloplardiagtanardfythes efribtur®rofCa NEBRHUHEbhANS
systens with nmultiple FEC channel codes, for exanple, nulti-node wreless

communi cat | 8RcCAsfforuge Inhesivstery of Figured apelicabletaa sedordbwbiomade; of t he

i nvention, a communi cations systemw th two forns of turbo codes is
considered. Figure 6 illustrates a conventional turbo code generator system
72. In the system 72 of Figure 6, a data source (X) 73 is coupled to a
first encoder 74 to produce an output Pl. It is also applied to an

interl eaver stage 76, the output of which is coupled to a further encoder
78 which has the sane structure as the first encoder 74, to produce an

out put signal P2) The output signal is obtained by cycling between the data
source (X) 73, the output Pl fromthe first encoder 74 and the output P2
fromthe second encoder 78. Figure 7 is a schematic representation of the

o o — — Y - ——y e
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15 The encoder of Figure 7 is a recursive systematic convol utional (RSC)
encoder with a generator matrix of (1+D+D3)/(1+Dz +D3). Therefore the
encoders 74, 78 used in the systemof Figure 6 for the first encoder code
may conprise two identical recursive systematic convol utional (RSC)
encoders of the type shown in Figure 7 with a generator matrix of

(1+D+D3)/ (1+D2 +D3). Figure 8 is a schematic representation of the encoders
of Figure 6 used to produce a second turbo code. The system of Figure 8
conprises a two-stage shift register conprising two bistable stages 90, 92
and an array of three MOD XOR stages 94, 96 and 98. The input signal to the
systemof Figure 8 its applied to a first stage 94 of the MO/ XOR st ages.
The out put biguréed fis rastschematic dlock dibgralDf X ODER: foi $wepiirbetddesi nput
of the first bistable stage 90 of the.shift register and it is also applied
to the inpu?c?ﬂraﬁ‘gs@c%hﬁmg’f’g@ée@é’fdgeﬂm\@ﬁm XOR stages to produce the

out put signal. The output of the first bistable stage 90 of the shift
register isf i i t et t 0 i 92 ( he
shift regi st?rmpgngﬁt%o? hgetﬁ nput‘ht 81!&(!1( ?%ig?ﬁﬁ,st%ggée) %‘qu?ﬁ?ﬁa@%ﬁ@é?ages.
The out put @ecader sdrebife; andt abl e stage 92 of the shift register is applied
to the inputs of the second and third stages 96, 98 of the MO XOR st ages.

The out put t ki rd ﬁﬁ{% : i e i ot i of
the first V\gg)'&%g 1s{|g agaeS er ebﬁ‘?’@g?’éaq%%hﬁﬁrehd?ﬁ?&ﬁ‘%ﬁ%"'%n'@égﬁﬂ@'wgna| :
Theref ore tdecaderedeordindg to @R enstsstiment bethwyinvemis. Figure 6 for the second
encoder code may conprise two identical recursive systematic convol utional

(RSC) encodgrs af ..th ft ef\_ shown in Figure 8 with a generator matrix of
(1+D2) / ( 1+D2egeripion i olened EMbodiments ccor ding to a preferred

enbodi nent of the invention for a general CODEC capable of operating in

mul tiple tur fRfardd Nfdrh ’ ecgy 0 e ctdeon
stage 102 de?ﬁrﬁi nesf%%l 5\% ?X%E@?WM?\S%JM ngét g”%'g@? atgg?&%eﬁ?ue?pu%f of

t he encoderc@ajoddtianahcedesie 16 102 is coupled to the input of a generator
matri x stage 104, the output of which is coupled to the input of a shift

regi ster ang ] r a0 i x_stage, 104, confi.gures

t he connect?lgns géﬁﬁ%sg{]d’tﬁg %ﬁ‘?’?gn‘f%%ﬁgfeefha#?d‘%h@'°ﬂ}ﬁéﬁ&%g%t E%susgc'gordi ng
to the codetypilabWEDMA dysterascolire ertdoder i PRofiptides 1HAhunithd epbistabieUt S
applied to the shift rg%i ster and the MDD/ XOR stage 106 where it is

encoded t o $PE8S e CPRRCRARE JAcTLAMANGEL tosfajup. shiff redisterec bulithg) systamof 108,
t he out put g c i e i 0 i f a
goner at or kTS 18; HEendBuE) CRECehP bt Ha68 20 BNE BPIS s The
decodi ng netheobistablbestageki 2dof dhé hshifincayistér i aveorboplesli g5 ad - plikgitpusfout  of
t he generatgr trix sta i upled to the inputs of two

reconfi gur a'@'PéméXéwyﬁﬁg Mﬂ’ﬁﬁﬁgﬁ% 8, 6 ovhish aeR aranged 12 form gwoThe
gener at or ki of SRl cSTS1E MODNORUIALESN Of the reconfigurabl e

max- | og- MAP decoders 114, 116 according to t Instructions received from
t he decoder selection stage 110. The first input signal X is applied
directly toAs ke enpodernt hage fateaf 1d2cib deceivasionadnplitssignal ardeproducesof 116

second dec r r figst interl eaver stage 118.. The ut_of the
first decogtg,r% E&Q)%?%haj%edﬁ?‘g l{'RgFﬁ p@ﬁs??lgh@é@ ntﬁ‘edté@%g’ig siq_gjest hr ough
a second i noemirgpiter sHifGegiblsr &&E RN dppliadito e BIE@RGWs ot MOBPXEIRPLiR@dst © an
i nput of the first decoder 114. The output of a deinterleaver stagé 122

which has & Bts Thpautpuls Hanpdheobistahle sstegrs Acehbdire shif, registeppreed as

a further i[gmﬁe | |41, 0 i S ofdeg :114. further i nput signal P2

is applied di regﬁcgQ?JhgnMﬁlﬁg)/&d%fét?ﬁggsgc n'é %e%fgggtérﬁr&d fﬁﬁ’s’?nf’% Osecond

decoder 1l6prodaee ties twasutputsighald Qutputrd Ard Output 1. The output signals are
thereby encoded.

The output signal Output 0 from the outputs of the first row 4 of MOD/XOR
stages according to the configuration of Figure 1a is encoded according to a
coding Go which equals 561 in octals. The output sighal Output 1 from the



" signal P2, the output of the first decoder 114 via the second interleaver
120, 17 and the output of the first interleaver 118. The decoded si gnal
is obtained fromthe output of the second decoder 116. Thus, it has been
appreci ated that the four RSC encoders necessary in conventional systens
havi ng a separate codi ng systemfor each code, may be replaced by a single
shift register, as shown in the encodi ng,section 100 of Figure 9. It has

al so been appreciated that the connecti oﬁs bet ween the shift register and
MODI XOR operation may be configured by a generator matrix, according to the
code to be applied, to support different encoders, as is shown in Figure 9.
Furthernore, a dynam cally configured max-| og- MAP (naxi mum a posteriori)
decoder is EHIPYSe®fi the recopd: sawo® mfgIMEDIXORnistages - acaprding dectiier may

perform decaqg, Saf I i rent recursive systematic
convol ut | ongﬁq’ln? gg@i%goo el%s',ahrvﬁeﬁr{%)ﬁgcgéén)%rag?%’ﬁ%ﬁ 11N "Wi"ﬁs etqu@s
decodi ng netAb@dntaxtéls. appl i ed according to the instructions fromthe
decoder sel ection stage 110. A reconfigurable max-1og- MAP decoder which may
be used in the %)E/jge@ of Fi%g{e 9, is a nodified Viterbi decoder. The

Ueall FRGWRIED YisrBalkive serwndiongl eenvelyliamed encedentdfomuse  of

structure of '&
the inventi gn tisichl Web | i eHeo N f12 Fl 0
conprises thr e$el_§lfcunct i_orwgt_ Steégné:ngﬁ?nput dérgr(l)gﬁgggfé%p&zﬁfeg/? oérg]uglﬁf%t

stage 126 wiieeeives oaetinput dignajanst pittdores thge. outpitssighalge THSegesdarates t he

trellis st information for the turbg code to he decoded, The trelli
structure ddoouBes e ksl bifpladices T Soeeriee 6 seauptre tadorurmo
code to be ¢ampdegisteFhelnOtersystef E)h?FiéLﬁr‘é' Hbﬁtheé'r?éd%‘eirgfq %b@t?iséé%ibgtg .

applied to a_second stage 128 which is a path netrics cal cu Ion s
The path netyistaklecstrges di2ed The ennodestthalset coroprised auplatlibn of MOB/XOR

i nclude alp d heta f [.Qns. where 8 al pha represents probability
di stributi o%gagg%cagul@t e@lwlﬁﬂear?o?%?%e%ijt e@f’ﬁoﬁ"ﬁ?orﬁb"’st Ht: S@ﬂé’?ﬂf'@"]y
structure ardnhetteddODIXOR stagesbability distributions accunulated in the

backward direction along the trellis structure. The al pha and beta path
nmetrics are_obtained through the forward and backward recursions

respect i vel yetRRUGSIgRRLPasSesfBroyghithadistable stages 12tafdhe shifyregister the

applied to ' LASA G ' ' age .130.

Bt rinsi c i SBUISRFifn Bk EPILRRS the IOHE BMABEOR HaBk: 12,75 1B Teh by a
further decpoedeterinedsequience dopdadice thettared oepubgighais OuRA RTUtPet a
path netri 051. Th &ergl I i_@ gener atj on stage 126 and the path netrics

cal cul ation ?(“Qgéu 2ar e PYtouf SignalsAaredheeshyrencaded) i s structure defined
by the generator matrix of an RSC code. By adding a generator matrix to
control theTsetdut i ' '

metrics calcul ati gﬂﬁglg Qgteb?%qtﬂa{:r&)?cgﬁqls&?rugﬁPfeﬁ{rfeggﬁtié\-gl\ﬁ;gfjmg@gg) p{nay be
const r uct ed staggstaragording ite ﬁrgeuc@rm‘igyraté@magFigure I1bde endeded biteomiinig RSthe

convol uti ongl , [ t herefore he used_to decode
di fferent t%rcﬁ%g;@sﬁmgﬁgelﬁ%ﬂﬁggﬁ%&g%}r j?‘én?%ﬁf%ﬂﬁﬂ@' ﬁH;P-qio‘lgﬁR/KP coder
132 accor di bgtputs aoforthé esecshde moadi 18 néf MODMRORN RGP Taddrdingeto f e
exanple, in the systemof Figure 9. The decoder 132 of Figure 11 conprises

a gener at or CaRligyratian Lfigure fRcisoangrdedacopiding ite thewiceding Gihwhiahput  of

atrellis g td-.oN: S 1 i_npyt, of ath nmetrics,gal gul ation
tage 135, PGS SENnORHR, (T BUibulafrsh eiio R ot tnkSitpuis Bt ik e

sel ection stagel§ obtMODINOR btageet &tatraiagt feethie eonfigeatieh Wrdrharde rRp! i ed.
The i nput mggg s applied to the trelllsipgeneratlon stage 136 to generate

the trellis® aeeordimgdertheiaoreding Garehichesvalsoft! inodtalsdecoded.  The
output of the trellis generation stage 136 is passed to the input of the
path netri cg;j u i e j re

cal cul at ed Flrgutr%eﬂaggﬁ ﬁmrre%ra(}dc@agg @ﬂl %1%?%1#2&%@@&&?%@9 ‘éggﬁ%hg@a i
represents WLANKEFDM meidet r Thistermesea@Oucarptises arsdries dfosistabie dtagsst | on
al ong the tﬁ?' | is s{?rguct uretaﬂd bef\ta regé. senﬁé !Fr%abi lity distributions
accumul at ed®f FRECIEL-REQHILAY 4o Forn & 'ﬁgretg ek.r dNe; tyséern e Gigare Bge

al pha and bedrapRséd sPetHis@ableAIstadddl 22NeEnhEERY I Béguér?éé{varﬂ ﬁf&?alﬁgc&*’vard
recursions respectively. The output of the path netrics cal culation Stage
138 is applied to the input of an extrinsic information cal cul ati on stage
140 and extrinsic information | anbda nmay be used as a priori input
information by a further decoder (not shown). Lanbda is determ ned by the
al pha and beta path netrics. Thus, the decoder 132 of Figure 11, when used
in a systemsuch as that of Figure 9, nay support the decoding of different
turbo codes by sharing common core nodul es, thereby reducing the conplexity
and cost of the system In a further preferred enbodi nent (not shown), the

o, - I - v o S oy L ~ o
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In the encoder section, all convolutional and/or RSC encoders may share the
sane shift register, and the connecti ons between the shift register and
MODY XOR operation stages nay be configured to support the different

encodi ng systens. In the decoding section, a reconfigurable Viterbi decoder
of the type shown in Figure 11 may be used to perform decodi ng tasks for

di fferent convol utional and RSC codes, w, h the generator matrix
controlling the configuration of the decoder. S 20 Enbodi nents of the
present invention have w despread applicability as nultiple FEC channel
codes are quite conmon in wreless conmunications systens. Enbodi nents of
the present invention aimto permt a reduction in the inplenmentation cost

and to enhaf@YKOR stagesi afa arranged rig) twes rewsnddni2Batthe MO/ QRIsdagemse
tati j i : . d t f di
stations anci)e?@:géﬁn&%@%ggye%ﬁlg%%lﬁggfroé%f encoder system for encoding

a signal according to an d/ or channel codes, the
system conprising: a shift register; an array of MO/ XOR stages coupled to

the shift rddiesercoden 2enfefigtiny 2amasionesinpatand b eslitpts! Mhesiblit sighal St er
one or nore connecti ons

and/or the array o OR stages to control c ) C

bet ween t he p§ﬁ§¥§ tLé%ﬁ?t ﬁ?e &\ﬂagl?esmgsxéﬁ faraning the nshifl ciegister @ndc theon
stage arran i f 0 i hgom ng
signal; t hegﬁg?ltgrggfﬁgt qﬁ%tb??tésgt gggéﬁﬁz%f @%r%ﬁgggsggéra r? gér:oq}q%g%t& ©hore
connect i ons \@DREOR stageshinf a predeterminethdetibenddOl ¥oRisdeades twocautgung t o
the coding f e t he, encoder selection stage. 2. An encoder
system accorsﬁiﬁ%é p}?@ﬁy ﬁgq@/%&'bl ﬁﬁ?ﬁé‘t@@ﬁés%ﬁ'%ﬁ"%%rg&y engeded.s arranged
to alter the one or nore connections between the shift register and the

MOD/ XOR st agéie ewtpat dighel Dutguti ANt &k 8 / %W@ g
format, and/or %ANQCFDM c%tjji ng for mat ?tﬂﬁiﬁﬁh%ﬁwﬂwPB co P??Sé'ﬁc:r mat .

3. An encodéfagdssacsardingdedhagcantiguration of Fighiee @aris taneoded excabrdingdord x
stage is arr dnt r e or re.connecti ons bhetwe he shift
regi ster an&gp&@ M@&%&“égeéggj%&c@ﬁgef%e 8“?&&1*&59%%0‘5\%@“?3&% ' An
encoder sysbetpuiscof thagségord aioW 126 WoRMOD/XOR URE§ERt SécdiBing! Yo Sige 1S
arranged to alfer the aone or nore connections between the shitt register

and the MODCROigWetige of fdgwedtaip eacedas ascardinonty a soding G which equals
171 in octals.

Figure 2b is a schematic block diagram of a conventional rate 1/2
convolutional encoder 30 for WLAN PBCC mode. The structure of the
encoder 30 of Figure 2b is the same as that described above in connection
with Figure 2a and the same reference numerals are used for corresponding
components in the two systems. The only structural difference between the
systems of Figures 2a and 2b is in the arrangement of the second row of
MOD/XOR stages 26, 32 to provide the appropriate coding for the respective
systems.

The output signal Output 0 from the outputs of the first row 24 of MOD/XOR
stages according to the configuration of Figure 2b is encoded according to a
coding Go which equals 133 in octals. The output signal Output 1 from the
outputs of the second row 32 of MOD/XOR stages according to the
configuration of Figure 2b is encoded according to a coding G; which equals
175 in octals.



'’ 22 dnd/or a WCDVA coding format, and/or a WLAN OFDM codi ng format, and/or a
WLAN PBCC coding format, and/or a turbo coding format. 5. A decoder system
for decoding a signal encoded according to any of a nunber of FEC and/or
channel codes, the system conprising: a decoding stage; a generator matrix
stage coupled to the decoding stage to configure the decoding stage to a
decodi ng code format to be applied to deFode an i ncom ng signal; a decoder
sel ection stage coupled to the generator'hatrix stage and arranged to

sel ect a decoding code format to be used to decode an incom ng encoded
signal; wherein the decoder selection stage is arranged to instruct the
generator matrix stage to configure the decoding stage accordlng to the
decodi ng codddrsr Ads & srhematic hockhdiageamdefr a genecali @ODEG gecofling tdec oder

syst em accorj i .t degcodi ng st age conprj,ses,. a
reconfi gur alﬂq%fg\?ﬁ t egﬁib%giﬂgggte&ﬂ%e:e '&’edﬁ@gd@( %&r‘ﬁ%%&‘@%@rg%laﬁ% 6,
wher ei n t he WEDMAIitgorrable cuhirumicati®® opteneonpri ses: the generator matrix
stage; a branch generation stage for generating one or nore branches

according tqg the generator matrix stage, the branch generation stage having
an out putg : Orh62§" Ogprapestiane Bt cOrpalises &ni encedeigesledtinn sertion SGowhidie

| : | l.ation stage Vi n n_i nput
donneet ed 1 aoigits e pEriolleR pbBI heibed forkfly BB gROtaRs 1R seale: ' an
add- conpar e-seldotion sectiga 3Gvs cgupledi fopthe iNpubet tegehrathenptipdtage 3ghe
and a survivor nenory stage

AL BT E O RN I A
register and an array of MOD/XOR gates 40. The input signal is applied to
the shift register and the array of MOD/XOR gates 40 where it is encoded.
The generator matrix stage 38 configures the connections between the shift
register and the MOD/XOR gates, depending on the selection made by the
encoder selection section 36 to produce the encoded output signals. For
example, the generator matrix stage 38 may configure the aforementioned
connections according to the codings Go, G4 and G, given above in respect of
Figures 1a to 2b. |

The decoder section 42 of the system of Figure 3 comprises a decoder
selection stage 44 the output of which is coupled to a generator matrix stage
46. The output of the generator matrix stage 46 is coupled to a reconfigurable
Viterbi decoder 48. The reconfigurable Viterbi decoder 48 is configured in
accordance with the decoder selection stage 42 to decode the incoming data
applied to the input of the reconfigurable Viterbi decoder 48 to recover the
original data.

The reconfigurable Viterbi decoder 48 may perform decoding tasks for
different convolutional codes with the generator matrix stage 46 supplying the
configuration settings in the form of input parameters.

A conventional Viterbi decoder 50 is shown in Figure 4. The Viterbi decoder
50 is a form of maximum likelihood decoder for the decoding of convolutional

codes.



" wherein the branch netric calculation stage is arranged to cal cul ate one or
nore branch netrics which are applied to the input of the add

conpar e-sel ect stage; and wherein the add-conpare-sel ect stage is arranged
to | ocate one or nore survivor paths froma nunber of transitions between
states in a trellis defined by the branch generation stage, the survivor
nmenory stage being arranged to store th% one or nore survivor paths; the
decoder being arranged to apply a trace Back mechanismto the survivor
menory stage during decoding to produces a decoded signal. 8. A decoder
system according to any one of clains 6 or 7, wherein the decoder selection
stage is arranged to instruct the generator matri x stage to configure the
decodi ng st h’g&eacmm&ntingat ViteMdenederrSOmhewddeu@mg 4,dte uhmmmgsmgnal

ted th | d WA t
Syetems s bereleh YA brth.ofiatoR wies oY SIS o065 et BERRGex gt o
accor di ng tt?eﬁﬂs%dﬁo’f’dm@h@rf&'eﬂ ééﬁrﬁﬁﬁ%hﬁ& ﬁtﬁ@% CQ"ﬁBrélﬁﬁﬁf oPtHe Bfarféw e

reconfi gurabl e Max- Log- MAP decoders. decoder system accordi ng
to claim9, gﬂn@ﬁeélpn sdm&?n@aspu@btorﬁh\etmput efanpranchsmettie aalcutatien stage

racon | qur afte NECERERR JlAor .51 Bledblfe < dHeRIE hettsero any

one of cl ai tﬁe FeceivetDsymber aha th@%yﬁ‘mq)ﬂhd’tg:efﬁségfihéltférf&ﬂ[or%%@We’éﬁSthé
de-interl eaver stage couplable to one or nore of the one or nore

reconf i gur aplaéedviixtNevtielipp Thecb@dch. metric far @l rnssible jransitioas dstweag allo

Cecont i gur abnie kil SRl Rs SR LRIROGS UeAALE 157 10 Moty bbby arey e
decoder. 13gedemediethedyrahelneetriocdicutntion stage B411l, wherein a

de-interl| eaver stage i's coupled betmeen a first reconfigurabl e Max-Log- MAP
decoder and

d d d
system acco;rﬁfa ‘gt %ﬁ%ﬁegﬁ %;’” * 5{9 8 Cé'lql-t@%lygﬁ%r I8i ':‘I"PH“ﬁé Bﬁsed'sg‘i?ﬁﬁ?{e
reconfi guragh eadﬂiéorh%ré\@ae@??ﬂésg %tﬁgérrye %icﬁ BetedRMEsA Y sORivdr-pathade

havi ng a out put trellis generator Stag havi ng an I nput connecta eto
t he out put entering gacte staterofnther trellist ab'be t&adcranmethatqf azgwsarh tramsitions

cal oul ot o PR ALEE, A7 50Hh R SboBlfed TaL B8 A Hagl A Sl 6ELL
corresponding partial path metrics stored in a path metric memory (not
shown). The new partial path metrics for the survivor paths are then
compared in the ACS stage 56 with all of the other new partial path metrics
corresponding to all the other transitions entering that state. The transition
which has the minimum partial path metric is selected to be the survivor path
of the state.

The path metric of the survivor path of each state is then updated and stored
in the path metric memory within the ACS stage 56.

The ACS stage 56 is the core of a conventional Viterbi decoder which typically
consists of many ACS blocks 56.

The output from the ACS stage 56 is coupled to a survivor memory stage 58
and the survivor memory stage 58 stores the survivor paths. A trace back
mechanism is applied to the survivor memory during the decoding stage to
recover the original data.



"an extrinsic information cal cul ati on stage having an i nput connectable to
the output of the path netrics cal culator stage; wherein the generator
matri x stage being arranged to configure the trellis generator stage and
the path netrics cal culator stage according to the selected code as defi ned
by the decoder sel ection stage. 25 15. A decoder system according to
claim5, wherein the decodi ng stage congrises a reconfigurabl e decoder
arranged to perform decodi ng tasks for Pfferent convol uti onal and/or RSC
codes dependi ng on the decoding code fornmat sel ected by the decoder

sel ection stage. 16. A decoder systemaccording to claim5, wherein the
decodi ng stage conprises a reconfigurable decoder arranged to perform
decodi ng t alkwillf be seen fomrthe abovecthabdies htfapemdjemgration haddieobianghcode

f t I . ti t L7 di d i
Syst em ( coddiE SHIeuRTSH HA0Gh a2ae AP i Paata to- e GRatcE TRt o
nunber of FEGeblgioraasbdel Chdhas AHEN iappPabiated BREOHRA SMDr@RYOfo any one
of clains 1 to 4. 18. A codi ngt and decodi ng sii/_stem (codec) for encodi ng and

decodi ng a Brejaded smkpdinegt ebthenpventian, hyrassting  geperatad matrix tranortrolcodes
i si - t f i 16, 19. A codi
ond” decodt nies SERERAT orcHE) Baiin MeheRiof <1868 5% Ff cnd’ pralicn,duéfi e <o

any of a nuodsleulatibnFétegarst,os rebormfigtirabled¥ietd ecoden nan beNessitfuciy@t em
and a decodghasystem wherein the encoder system conprises: a shift

regi ster: arYshadecanfiguiablecsiecadessaaydegrdgidifirentcoanpliutionalsageas:: a

generator matrix stage coupled to the shift register and/or the array of

MOD/ XOR st apgRfurd 05 Gie@nhr i©F i j t : Nidarhi
regi ster and%ﬁﬁe I\/DIDI ?(O%éhsét?gﬁheés?;blgﬁ{ gjrllc grf%gﬂgﬁg@q P%nﬁéggﬁfééed}gpgglr\@tgr Yo
sel ect a codeeedardithaccardingdoussprefened rodubeliment ofttheiprgsentgnedntion. 26 t he

generator matrix stage being arranged to alter the one or nobre connections
bet ween the,shi ft reqister and the XOR. st ages according to. the coding
format sel ew[ E@UB?/ 5 é’%??g!ﬁﬁ’éﬁ“@%‘?‘e%ﬁ%%%&%xrﬂj RAAYE le¢tionyetagger
syst em conp{rici @howd) GREAHpNBd b 2BTanthIRERIcA Her RN gfé [ OOGnG WAL O the

decodi ng stage to configure the decoding stdge to a decoding code format to
be applied Mmetiecsdeulation riage Bp dognantrola thre csattingss af ethiel brastrageetricupl ed

to the geneé@ﬁé)rratigﬁts'iéd(e 84 3084 tﬁg%ranch metric calculation stage 66. The encoded
signal received by the decoder 60 is applied to an input of the branch
generation stage 64, the output of which is coupled to the branch metric
calculation stage 66. The branch metrics calculated in the branch metric
calculation stage 66 are applied to the input of an ACS stage 68. The survivor
paths from the ACS stage 68 are applied to and stored in a survivor memory
70. The trace back mechanism applied to the survivor memory 70 during the
decoding stage produces the decoded sequence.

A general CODEC embodying the reconfigurable Viterbi decoder 60
according to a preferred embodiment of the invention has a high flexibility and
is less complex compared to a conventional CODEC used in multiple

FEC/channel codes.

By altering the settings, for example of the generator matrices, it is possible to
support a number of different FEC/channel codes whilst keeping the core

modules unchanged.
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Figure 6 illustrates a conventional turbo code generator system 72. In the

system 72 of Figure 6, a data source (X) 73 is coupled to a first encoder 74 to
produce an output P1. It is also applied to an interleaver stage 76, the output
of which is coupled to a further encoder 78 which has the same structure as
the first encoder 74, to produce an output signal P2. The output signal is
obtained by cycling between the data source (X) 73, the output P1 from the
first encoder 74 and the output P2 from the second encoder 78.

Figure 7 is a schematic representation of the encoders 74, 78 of Figure 6
used to produce a first turbo code. The system of Figure 7 comprises a three
stage shift register 80 formed of three sequentially connected bistable stages
80a, 80b and 80c, and an array of MOD/XOR stages 82, 84, 86, 88.

The incoming signal to the system of Figure 7 is applied to a first MOD/XOR
stage 82 in the array of MOD/XOR stages. The output of the first MOD/XOR
stage 82 is applied to the input of the shift register 80 and also to a further
MOD/XOR stage 84 where it is combined with the output of a first bistable
stage 80a of the shift register 80. The output of the further MOD/XOR stage
84 is applied to another MOD/XOR stage 86 where it is combined with the
output of the shift register 80 to produce an output signal. The output of the
shift register 80 is also applied to the input of a still further MOD/XOR stage
88, as is the output from a second bistable stage 80b in the shift register 80.
The output of the MOD/XOR stage 88 then is applied to the first MOD/XOR
stage 82 which combines this output with the incoming signal.
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MOD/XOR stages. The output of the first stage 94 of the MOD/XOR stages is
applied to input of the first bistable stage 90 of the shift register and it is also
applied to the input of a second stage 96 of the MOD/XOR stages to produce
the output signal. The output of the first bistable stage 90 of the shift register
is applied to the input of the second bistable stage 92 of the shift register and
to the input of a third stage 98 of the MOD/XOR stages. The output of the
second bistable stage 92 of the shift register is applied to the inputs of the
second and third stages 96, 98 of the MOD/XOR stages. The output of the
third MOD/XOR stage 98 is then applied to the input of the first MOD/XOR
stage 94 where it is combined with the incoming signal.

Therefore the encoders 74, 78 used in the system of Figure 6 for the second
encoder code may comprise two identical recursive systematic convolutional
(RSC) encoders of the type shown in Figure 8 with a generator matrix of
(1+D?)/(1+D+D?).

Figure 9 shows a system according to a preferred embodiment of the
invention for a general CODEC capable of operating in multiple turbo codes.
In the encoding section 100, an encoder selection stage 102 determines on

which code it is going to operate. The output of the encoder selection stage
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The generator matrix stage 104 configures the connections between the shift
register and the MOD/XOR stages according to the code selected in the
encoder selection stage 102.

The data input is applied to the shift register and the MOD/ XOR stage 106
where it is encoded to produce the encoded output signal.

In the decoding section 108, the output of a decoder selection stage 110 is
coupled to the input of a generator matrix stage 112. The decoder selection
stage 110 determines the decoding method to be applied to the encoded
incoming signal. The output of the generator matrix stage 112 is coupled to
the inputs of two reconfigurable max-log-MAP (maximum a posteriori)
decoders 114, 116. The generator matrix stage 112 sets the configuration of
the reconfigurable max-log-MAP decoders 114, 116 according to the
instructions received from the decoder selection stage 110.

The first input signal X is applied directly to the input of the first decoder 114
and also to the input of 116 second decoder through a first interleaver stage
118. The output of the first decoder 114 is passed to the input of the second
decoder 116 through a second interleaver 120.

The second input P1 signal is also applied to an input of the first decoder 114,

The output of a deinterleaver stage 122 which has as its input the output of
the second decoder 116, is applied as a further input signal to the first
decoder 114.

A further input signal P2 is applied directly to an input of the second decoder
116.. Thus, the second decoder 116 receives, as inputs, the further input
signal P2, the output of the first decoder 114 via the second interleaver 120,
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and the output of the first interleaver 118. The decoded signal is obtained
from the output of the second decoder 116.

Thus, it has been appreciated that the four RSC encoders necessary in
conventionél systems having a separate coding system for each code, may
be replaced by a single shift register, as shown in the encoding section 100 of
Figure 9. It has also been appreciated that the connections between the shift
register and MOD/XOR operation may be configured by a generator matrix,

according to the code to be applied, to support different encoders, as is
shown in Figure 9.

Furthermore, a dynamically configured max-log-MAP (maximum a posteriori)
decoder is employed in the system of Figure 9. This max-log-MAP decoder
may perform decoding tasks, for example, for different recursive systematic
convolutional (RSC) codes, with the generator matrix determining the
decoding method to be applied according to the instructions from the decoder
selection stage 110.

A reconfigurable max-log-MAP decoder which may be used in the system of
Figure 9, is a modified Viterbi decoder. The structure of a max-log-MAP
decoder according to a preferred embodiment of the invention is illustrated in
Figure 10.

The decoder 124 of Figure 10 comprises three function stages. The input
signal is applied to a first stage 126 which is a trellis generation stage. This
stage 126 generates the trellis structure information for the turbo code to be
decoded. The trellis structure depends on the generator matrix of the RSC
code for the turbo code to be decoded.

The output of the trellis generation stage 126 is applied to a second stage 128
which is a path metrics calculation stage. The path metrics calculated in the
path metrics calculation stage 128 include alpha and beta functions, where
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alpha represents probability distributions accumulated in the forward direction

along the ftrellis structure and beta represents probability distributions
accumulated in the backward direction along the trellis structure. The alpha
and beta path metrics are obtained through the forward and backward

recursions respectively.

The output of the path metrics calculation stage 128 is applied to the input of
an extrinsic information calculation stage 130. Extrinsic information lambda
may be used as a priori input information by a further decoder (not shown).
Lambda is determined by the alpha and beta path metrics.

The trellis generation stage 126 and the path metrics calculation stage 128
are closely related to the trellis structure defined by the generator matrix of an
RSC code. By adding a generator matrix to control the settings of the trellis
generation stage 126 and the path metrics calculation stage 128, a
reconfigurable max-log-MAP - decoder, may be constructed. Such a
reconfigurable decoder will decode different RSC convolutional codes. Thus,

such a decoder may therefore be used to decode different turbo codes.

Figure 11 shows a reconfigurable max-log-MAP decoder 132 according to a
preferred embodiment of the invention for use, for example, in the system of
Figure 9.

The decoder 132 of Figure 11 comprises a generator matrix stage134, the
output of which is coupled to the input of a trellis generation stage 136 and the
input of a path metrics calculation stage 138. The generator matrix stage 134
is instructed by the decoding selection stage (not shown) to determine the
decoding method to be applied.

The input signal is applied to the trellis generation stage 136 to generate the
trellis structure information for the turbo code to be decoded. The output of

the trellis generation stage 136 is passed to the input of the path metrics
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calculation stage 138. Alpha and beta functions are calculated in the path
metrics calculation stage 138, where alpha represents probability distributions
accumulated in the forward direction along the trellis structure and beta
represents probability distributions accumulated in the backward direction
along the trellis structure. The alpha and beta path metrics are obtained

through the forward and backward recursions respectively.

The output of the path metrics calculation stage 138 is applied to the input of
an extrinsic information calculation stage 140 and extrinsic information
lambda may be used as a priori input information by a further decoder (not

shown). Lambda is determined by the alpha and beta path metrics.

Thus, the decoder 132 of Figure 11, when used in a system such as that of
Figure 9, may support the decoding of different turbo codes by sharing
common core modules, thereby reducing the complexity and cost of the
system.

In a further preferred embodiment (not shown), the first two embodiments
described above in connection with Figures 3 and 9 may be combined. In a
general codec according to this further embodiment for use in a wireless
communication system, several types of convolutional codes and turbo codes
may be used for encoding and decoding.

In the encoder section, all convolutional and/or RSC encoders may share the
same shift register, and the connections between the shift register and MOD/
XOR operation stages may be configured to support the different encoding
systems.

In the decoding section, a reconfigurable Viterbi decoder of the type shown in
Figure 11 may be used to perform decoding tasks for different convolutional
and RSC codes, with the generator matrix controlling the configuration of the
decoder.
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Embodiments of the present invention have widespread applicability as
multiple FEC/channel codes are quite common in wireless communications
systems. Embodiments of the present invention aim to permit a reduction in
the implementation cost and to enhance the flexibility of wireless
communication terminals, base stations and access points.
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Claims:

1. An encoder system for encoding a signal according to any of a number

of FEC and/or channel codes, the system comprising:
a shift register;
an array of MOD/XOR stages coupled to the shift register;

a generator matrix stage coupled to the shift register and/or the array of
MOD/XOR stages to control one or more connections between the shift
register and the MOD/XOR stages;

an encoder selection stage arranged to select a coding format to be
used to encode an incoming signal;

the generator matrix stage being arranged to alter the one or more
connections between the shift register and the MOD/XOR stages according to
the coding format selected by the encoder selection stage.

2. An encoder system according to claim 1, wherein the generator matrix
stage is arranged to alter the one or more connections between the shift
register and the MOD/XOR stages according to a WLAN coding format,
and/or a WCDMA coding format, and/or a WLAN OFDM coding format, and/or
a WLAN PBCC coding format.

3. An encoder system according to claim 1, wherein the generator matrix
stage is arranged to alter the one or more connections between the shift
register and the MOD/XOR stages according to a turbo coding format.

4. An encoder system according to claim 1, wherein the generator matrix
stage is arranged to alter the one or more connections between the shift

register and the MOD/XOR stages according to a WLAN coding format,
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and/or a WCDMA coding format, and/or a WLAN OFDM coding format, and/or
a WLAN PBCC coding format, and/or a turbo coding format.

5. A decoder system for decoding a signal encoded according to any of a
number of FEC and/or channel codes, the system comprising:

a decoding stage;

a generator matrix stage coupled to the decoding stage to configure
the decoding stage to a decoding code format to be applied to decode an

incoming signal;

a decoder selection stage coupled to the generator matrix stage and
arranged to select a decoding code format to be used to decode an incoming
encoded signal; wherein

the decoder selection stage is arranged to instruct the generator matrix
stage to configure the decoding stage according to the decoding code format

selected by the decoder selection stage.

6. A decoder system according to claim 5, wherein the decoding stage
comprises a reconfigurable Viterbi decoder.

7. A decoder system according to claim 6, wherein the reconfigurable

Viterbi decoder comprises:
the generator matrix stage;

a branch generation stage for generating one or more branches
according to the generator matrix stage, the branch generation stage having
an output;
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a branch metric calculation stage controllable by the generator matrix
stage, the branch metric calculation stage having an input connected to the
output of the branch generation stage, and an output;

an add-compare-select stage having an input connected to the output

of the branch metric calculation stage, and an output; and

a survivor memory stage having an input connected to the output of the

add-compare-select stage;

wherein the branch metric calculation stage is arranged to calculate
one or more branch metrics which are applied to the input of the add-
compare-select stage;

and wherein the add-compare-select stage is arranged to locate one or
more survivor paths from a number of transitions between states in a trellis
defined by the branch generation stage, the survivor memory stage being
arranged to store the one or more survivor paths;

the decoder being arranged to apply a trace back mechanism to the

survivor memory stage during decoding to produces a decoded signal.

8. A decoder system according to any one of claims 6 or 7, wherein the
decoder selection stage is arranged to instruct the generator matrix stage to
configure the decoding stage according to any one or more decoding code
formats associated with convolutional codes of WLAN and/or WCDMA
communication systems as selected by the decoder selection stage.

9. A decoder system according to claim 5, wherein the decoding stage

comprises:

one or more reconfigurable Max-Log-MAP decoders.
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10. A decoder system according to claim 9, wherein decoding stage further
comprises one or more interleaver stages couplable to one or more of the one

or more reconfigurable Max-Log-MAP decoders.

11. A decoder system according to any one of claims 9 or 10, wherein the
decoding stage further comprises a de-interleaver stage couplable to one or

more of the one or more reconfigurable Max-Log-MAP decoders.

12. A decoder system according to claim 10, wherein an interleaver stage
is coupled between a first reconfigurable Max-Log-MAP decoder and a
second reconfigurable Max-Log-MAP decoder.

13. A decoder system according to claim 11, wherein a de-interleaver
stage is coupled between a first reconfigurable Max-Log-MAP decoder and a
second reconfigurable Max-Log-MAP decoder.

14. A decoder system according to any one of claims 9 to 13, wherein the
one or more reconfigurable Max-Log-MAP decoders comprise:

the generator matrix stage having a output;

a trellis generator stage having an input connectable to the output of
the generator matrix stage, and an input;

a path metrics calculator stage having an input connectable to the
output of the trellis generator stage, the path metrics calculator stage having
an output; and

an extrinsic information calculation stage having an input connectable
to the output of the path metrics calculator stage; wherein

the generator matrix stage being arranged to configure the trellis
generator stage and the path metrics calculator stage according to the

selected code as defined by the decoder selection stage.
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15. A decoder system according to claim 5, wherein the decoding stage
comprises a reconfigurable decoder arranged to perform decoding tasks for
different convolutional and/or RSC codes depending on the decoding code

format selected by the decoder selection stage.

16. A decoder system according to claim 5, wherein the decoding stage
comprises a reconfigurable decoder arranged to perform decoding tasks for
one or more turbo codes depending on the decoding code format selected by
the decoder selection stage.

17. A coding and decoding system (codec) for encoding and decoding a
signal according to any of a number of FEC and/or channel codes comprising
the encoder system of any one of claims 1 to 4.

18. A coding and decoding system (codec) for encoding and decoding a
signal according to any of a number of FEC and/or channel codes comprising
the decoder system of any one of claims 5 to 16.

19. A coding and decoding system (codec) for encoding and decoding a
signal according to any of a number of FEC and/or channel codes comprising
an encoder system, and a decoder system, wherein the encoder system
comprises:

a shift register;
an array of MOD/XOR stages coupled to the shift register;

a generator matrix stage coupled to the shift register and/or the array of
MOD/XOR stages to control one or more connections between the shift
register and the MOD/XOR stages;

an encoder selection stage arranged to select a coding format to be
used to encode an incoming signal;
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the generator matrix stage being arranged to alter the one or more
connections between the shift register and the MOD/XOR stages according to
the coding format selected by the encoder selection stage; and wherein the

decoder system comprises:
a decoding stage;

a generator matrix stage coupled to the decoding stage to configure
the decoding stage to a decoding code format to be applied to decode an
incoming signal;

a decoder selection stage coupled to the generator matrix stage and
arranged to select a decoding code format to be used to decode an incoming
encoded signal; wherein

the decoder selection stage is arranged to instruct the generator matrix
stage to configure the decoding stage according to the decoding code format

selected by the decoder selection stage.

20. A method for encoding a signal according to any of a number of FEC

and/or channel codes, the method comprising the steps of:

selecting in an encoder selection stage a coding format to be used to
encode an incoming signal;

altering in a generator matrix stage one or more connections between
a shift register and one or more MOD/XOR stages according to the selected

coding format selected by the encoder selection stage.

21. A method for decoding a signal according to any of a number of FEC

and/or channel codes, the method comprising the steps of:

selecting in a decoder selection stage a decoding code format to be

used to decode an incoming encoded signal;
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applying the selected decoding code format to a generator matrix
stage; and

configuring using the generator matrix stage a decoder stage to

decode an incoming signal according to the selected decoding code format.



