‘u : . - 5. '
VI TERBI DECODI NG OF PUNCTURED CONVOL{UTI ARBPLAGHESSHEETS  SG W | % 595-9
* REAL- TI ME BRANCH_METRI C COVPUTATI ON g OF THE | NTI
Field of the Invention Th éﬁes{m@@ p%%t 1@n‘°r@§4 MLEJ channel
. decoders for digital wireless 10 cd fﬁ"ﬁ*é’uor@:‘éfb %o, payed
Sparticul arlty, the present invehtion i Bwvaes. a peéd0d.. A8%aged ~‘appar atus for
a digital wreless communications deMssﬂtagt degg af recei ved
signal which was encoded using a convo?é]qt |"(')r'faadag%J a
preferred VKEEB&IMEOD&N&QE@IN dAAED GG A THINM EORRT i t S
Vi terbi decodin
convol uti onal Qggi‘ [ ﬁ?ﬁ#ﬁ@ﬁﬁwgﬁmfﬁmﬁ%mﬁw W t hout
determaging the branching netric 1nreal-tine. D scussi on of
Rel ated Art F| g 1 is a sinplified block diagramof a reception
portion oBACK EINVE ni cati ons device 100, such as a

digital cellul ar phonevx/m ch may be used with a 20 TMsS320C5x digital
signal processor made by Texas Instrunents, Dallas Texas or other

sui tabl e pr ocemjéﬁ,_@ﬁ&ﬁﬁ%gd digital cel I ul ar phone may incl ude an
antenna 102, a upl exer 4, a mxer 106, an oscillator 108, a

denodul at or 11(0hea pgd3pmir riliveptions erefdtes tter chdrhe! decoders efpraldigiwi  Wirdlessa
channe| . decoder. 116, ch decoder. 118, a di |tal-to al o

conver 1% copepictses Grihs Mpmpacicursy, thoipresedt ifvoria PROMES A NI on of
the digi t@gp&%k ey di ngghevﬁi’é?&@ cBhnfinfatidnsHYice BS Haddle il rdallfime a reb&vddoW NY

manner . i gital ni cations signal may be received by the antenna 102
and pagned whmlnugh éncedadlupbieg ar plificturted d:dmﬁolluaomﬂ)tcada pdua ta prefatedt he

digital cQ catiqns evi ce 0 he recei ved

ol gnal t o CHOPER dEARa deropruy N Phish Pt Vited dpsndaiB RS HERES Wiy pency)
by m xi ng h&@béeﬁ%ﬁéd&@ Wit &nvBlutiBndl chi& TRt 9@% d O oRRiodR code,
oscillator 108. The signal, now at an | nterrre frequency, 1s

denodulat @dthbytddtmmngtfwdlmdidngtnmtnditﬁealﬁme deriodul at or 110 extracts

i nformation fromthe internedi ate frequency. The denodul at or may
receive a signal fromthe oscillator 108 which has been

2 shlfte?lgﬁgﬂgw@gp[err] phase shifter 112. A preferred

nodul ation (an us denodul at1 on technique is differenti al

quat er nary phadég.shisf sikapjified) bKoEﬂéﬁg)a,m fofita recdpion podidnadf digital wireless
communications device 100, such as a digital cellular phone which may be used with a

20 TMS320C5x digital signal processor made by Texas Instruments, Dallas Texas or other
suitable processor. A preferred digital cellular phone may include an antenna 102, a
duplexer 104, a mixer 106, an oscillator 108, a demodulator 110, a 90°-phase shifter 112,
an equalizer 114, a channel decoder 116, a speech decoder 118, a digital-to-analog

.converter (DAC) 120, and a speaker 122.

25 The reception portion of the digital cellular telephone of Fig. 1 may operate in the
following manner. A digital communications signal may be received by the antenna 102 and
passed through the duplexer 104 to the reception portion of the digital communications
device 100. The mixer 106 steps the received signal to a lower workable frequency (called
an intermediate frequency) by mixing the received signal with a frequency provided by an

30 oscillator 108. The signal, now at an intermediate frequency, is demodulated by the
demodulator 110. The demodulator 110 extracts information from the intermediate

frequency. The demodulator may receive a signal from the oscillator 108 which has been
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techni ques may al so be used. ' The denvodul at ed éignal is then
“sent to the equalizer 114 to be equalized to account 5 for channel '
di stortion such as Rayl eigh fading (caused by nmulti-path effects) and

Doppl er effects (caused by the novenent of the transmitter with
respect to the received signal). The equalizer 114 is essentially an
inverse filter of channel distortion. 3he channel decoder 116 detects

and corrects errors in the bit stream denmultiplexes control data, and

feeds t hesldfddo0° by thetgwph@se%mﬁlmzieﬁgﬂ@ténédt&odﬂau&i @ad a8 deholitiod)f a
convol utional encodi ng schene, such as a punctured convol uti onal

encodi ng techaique isdifferential quetesmary phasernbift bmg/@QBSIghahut ogher modulgtiogr bi
decodi ng EC_ 9 sr}%]a@ used to detect and correct errors in the bit stream
The Ta (T C ae%se%nal is then sent to the speech decoder 118,

whi ch decodes ernadamratbdmgnah@me@@anﬂq) eieghalZBY1 1338 Be RESAIZBETS AcbBEL On the
received signal. A preferred speech coding nethod i's vector sum

exci t ed | farehannst digtoctianosuch wsRapyigh fadingichesed bp%ﬁhpﬁb@ﬁhqsh@d Iﬁ@mﬂﬁds may

al so be usgd. The 120 con s. the. Si i nt.o si gnal
Suitabl e EREgRehc i biy8 ki Y Reor B35 e 5% LT 08 T
reliabili eyualiferald Blesse Bh iRbrs® Aer BT cHENNE] diStoftnadthe channe?cﬂé’c@ﬂetcﬂ'ﬁt rol
processing at the trans ting and receiving ends of the network. One

met hod etegss angldorrgets mr@rsms theditatngamedrmmdtpicses contrdlalata; andfeeds th datagnal so

baced on HEBEBRaSRRNITh, 50 asisnadBhob. B B AR SO MBS "
controjo t Q@HPhﬁBﬂ&eﬂ%Sﬂvdlﬁhdﬁagéﬂcahm SHRERMWASIded b ibde the reb@V ikl iaS a

convol utional code. A convol utional code is a code which provi des n out put
synbol s f dfiteen dpcaging gsherne ray hp usedstpristdcs andresrash gsorsan theibit esann étheas R-=

Symhol .t FEEmnel s Sanel iy IR TR e ARt b B bl Bt o

adequat e epebansoRBich dy IRive aeth y&f&hfearoncmetré&ived 's¥gnﬂ| SA preferred ”@'ééb%s es the
bandwi dt h of the si gnal because it adds a nunber of synbodls to

transm t t eéading methoidgmugctorTiuem exoited Hneappradivtion (WEELE), dut sthkrrmmdmge

bandwi h nS| on, of the ctured co IuI| cO Thus

for a ¥ iag 858 b s, e DA 40 St et e o o 5RioB g v i
used by Slsﬁfh%leﬂoﬁirﬁ@ﬂ@ @@aker 122,

3 One to i nprove the bandw dth expanS| on of convol utional

codes is to Onehpthosittgri@prqvnéhctmi@blhmfcn tel¢cogpmunisetions networkds tosie neans
t hat periqdical

nb f.b h
encoder Oﬁggﬁgonﬁ@%ﬁﬁ%ﬂ%qﬁww5%gxwx{gtrﬁ%g§ 3%‘?‘8%%’%} Okt Or}éodl t he

punct ure LRAYBing this is to add redfmdincy’to the ﬁ%ﬁirﬁit@d; s%ﬂal %es&melu?e &Eelﬁng @Ryt | onal
encoder 200. In this exenplary encoder 20 bits Y[err] and Y[err]

are pr2fvi decbden! tthanayonaksl addcodiag dmmmmlbasedmdmdnethanwmgte bit.  outputs a
bit Y[err]. The Y[err] bjt rries onI f or war d rrectlon
Chif or a1 on anRerehe bpe Szt Foibtfertigta oSt i PP hinghuasions |

Fig. 2, anbiireasa 6ativeRtiond 66kl AL8sHvdRitiohd c8dsishi dode thchﬁﬁ'b*haesfﬁgmﬁﬁﬁr
having three states 202, 204, 206 interconnected by AND and XOR Iogl c (not

10 shownyymirple fenathngreup of kdnputrayabols (Ehex@ae taeds dgﬁx@dcﬁs RaésdeForenory
(L) b BB kit ppun o B oot L BB it bl 2 Wl Lot =

The out put

synbol 23 W%fiv?dlhﬁiodaﬁéﬁoﬁﬁi@ ﬁr@v@& atdaqwa&éuuﬁaaafcg foﬂ%@t&é’&?or%o‘ﬁ%l & also
particul ar delay state (S[err], S[err] [err}) not all path states

may be pommﬁ therbanﬁmdﬂt ofithe signabbegause 1t adds a number of syBbolatodhe trenssiitedier 200

b anf ] h f 15, ., di
Ty bo usAReED s, B Of the bl FiP oS SERPAL e WG g Bt a0

particul agpp uncturEd H&woﬁitﬂmal%nbédeﬁl trh8d, IfbSa Wi dEE At ?tQszQ{duﬁdth%ﬂﬁﬂﬂ%rn iyhi ch
may be in ohe of _ei ther of

2, i.e, the bandwidth used by signal is doubled.
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states: 0 or 1. This trellis diagram 300 is often referred to as a Viterb
“butterfly. As seen in Fig. 2, the encoder 200 has mdelay elenents (in
this exanple, m= 3) and may be described as having 2[err] (in this
exanple, 8) states, ak.a. trellis states. For each new 20 information bit
shifted into the register, r output bits (in this exanple, 3) are generated
by the multiplexing of r differeng generator polynomals g, where g is
a generator pol ynom al descri bed by a set of XOR operations on

sel ected del ay Oneewsnts imiprdvethe nadeidtl @lpadsidoh of convehftidnst aldy istat e of
the regisger, these output bits (or one output synbol) are used to

descri be tPRRCE¥E} @etcpé%si’w%wm&%)ﬁembxt@ml\méwm%ﬁa periogicallpp ceain

regi ster f hi t

Cybol snEpbR SO A et R oot il urd B8R, Pl ] PUOHIT.

Ther e arecakenmimﬁmﬁuéhn§ exanpl e, 8) possible dlfferent transition

synbol s. For each current state, there are two possible new

Stat es.’ These Etgatzelﬂu%?aées an examplecofra erryolwjionslenpeder 208 e s premplayi on bi t

is a0 or r c sible
previ ous %’Sc ?#\ﬁﬁﬂt&) aqcﬁ?’s Qre? (%Ia'tst? @g?éﬁvol%quaf &%g&r%h ﬂ%"\%&g&g?t rellis
4 S bﬁﬁpﬁtsw it 390Thé YUEit bﬁhlem GnIS( Iferwed érréxl @r&bﬁéxﬁﬁf&ﬁxaﬁdﬂﬁaﬁdqhu@ﬂsut i onal
encoder 200 of Fig. t he de5|gnat|on 0/ xyz_indicates a 0

in put bi trﬁmdéomﬁaﬁ@dmﬂ% bigy merbm Ezg:zz, agtypical convolisional eaedsh isoy 3pit f
aoy ¢ AR Pegtah i thr@3fnds 208 200" BT FHTRRY bell XOR 16880 TN O

functimn eovon)dertedt@mbiredtsex ¢fhRe HitH 202, rwmzxmoﬁenl@eaet oM ARA (S, Sﬂ@zway to do
this is to use a sequence of states to deternine the patﬁ aving the

| onest " ctigpicallyjreferred o as thgtdelay state.hhe putpet bitst(ds Yhd'2) arggrouped intpiga

[Zﬁﬁh.véﬂe%%q b e D o B g, e e R prion RN 1

of ten usegsf [SQ)MWp&thgﬁmbsSmajWéﬁmwlnkEﬁMQn@mI ances are descri bed
and clalneJ 10_ herein, a person skilled in the art readily recogni zes that

ot her suit abl e Beeasise the graodenR0veay be considgeed e b@laﬁnm: state mﬁ@med@ém$tatef or

The ColoP RERBTR S ol s Rlesbigif boBBRTREL 8 btk iy be o k¥R " ™

A Hamm ngtighest BC8 @i%ﬂﬂs d[agmx:bso@efﬁ{éﬁca@&mcta %Bblhﬁédertﬁ'eith& dgfeagl t of
an . excl usi ve-or operation between each bit of the received code

and the ré@jscl pré. B‘llwrel!s dagrama0p nmﬂwe&md@m as GViterbi Buiterily,i Apseen

b used B Bk 2 4% BSEREC 200 B B ATeECh ThisdRphle ey T AP ey 1871 T

accunul at dederigéd as m@m@m(m \ﬂﬁk @han;lﬁeus)" stateadalklal @reflis sted. Gtor @Wash nERr
exanple, if the result ofthe XOR on the three bit synbol is 110, it

i ndi catles infermation bittshified intosheiegistenfr qumu bige Ginvleis example, 3) grscgenerateddiyf  er ent

bl gobr o ¢ PR ERERRE SR Sobteal s RS norhiifys b B ER M Reditbitndaa ™0 1€
For each deswfibedas; £366PKOR ds;&nitro@l oh setetted Gélay €lemerats bf the ehdiRlepDOR | lk&re
states are cal cul at ed by arlng the received synbol with the two

pat h net r eeeh stgpdsestate ofithe éeglsm §hese outpug bits, (9reepe; %ptﬂrmﬁl)m ped 9t ep.

ne survi SPGB AR RS S Rl Heolt Prlah by B BB o e bl .

The 2525 t ¥eagpistatERIfrthe Sediftee THY o@@ﬁh shiidl eshall Geteh@fte BEpeERed ddstdhe one
having the | owest cost metric is chosen as_the surviving path for that

stat e. ThiBansiiogsymbel” + Frereiarg/2c Gaphis evample &) possible differsnt wansisionpmbolst ep i s

Goc des i ch B0r SEFE ShReaCs By Bt 3% THB e MR, oA THE sapes 48 CC)
and dereiniifiédtslevhemer bR nelvafifoim:Aioa birus aDioen. Alikevitd) Cor'cashibirredt sfatee XOR

operation for bits which have
there are two possible previous states (0 or 1). This is illustrated in Fig. 3, which is a trellis
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5 not been punctured. This results in additional conput at i onal _
‘coaneX|ty I n the branch metric cal cul ation stage. Af ter
the surviving paths for all states and all received synbols are cal cul at ed,
t he received bitstreamis determined by tracing back fromthe current.
state through each 5 previous state to the first state. The state change
for each transition is determned and 4 .consequently the input data to

t he convol uti onal codes causing that state change is al so det er m ned.
This is cginhdste BOGillhétARg 1R phssibiERates of the Sopvolutio QFT&B@&%O@'[F@CQ Siep 15
conput ational 'y intensive and i's performed frequent even during a

si ngl e tr Eigs 8, $b¢ desigrtion O/xyz inditatesed Orimputibit dnd aannaxnh;oecaynmbl ofveyzptiesent

e e EYOE SR AONST o s o FORECE S RRRRHSY 1"
| NVENT! ONzy Gin the text, italibibed t/iRnd@ibdbey « Bfip féﬁ;eatqf the present invention are
provi ded by an apparatus ina |taI W r el ess communi cati ons devi ce

for ef f3 ci ent | yThelBinetioni crfardgcad@msdcp é«r,tcxrnnﬂeﬂle mostilikely obtpse dOne way thedmthés s,

such as decoders for ctured ,convol utional cod s In r.eferred
b od oS 5 Use & SPERCRIOL slates 6 IEETRR RicR bavinE 1 Logst el b ofhecpett

Program MesHRdly devidied ﬁx@Xea@Vﬁbﬂ'tﬁ&ch@ﬁEd Egﬂﬁ Cost ﬁxﬁ&{B’ﬁHrn?a IR elthRadPl i C.

Preferably, the inventive device conpri five conponents. ese
conponent m(ﬁt)latmcﬂectdmua Oma tempmalyassed ngst dirction isaHaxhimmg digantieswhichds t abl e

et 1, A SRS ey saps, (Although Hinimig RGeS e ReREN B8 SRSGI | of

the 2[gyr hexreels ] ge}sen SRR thOhe® rHafy pe%ogifuzecs' it (ﬁﬁex‘%&ﬁéﬂi@ccst ﬁmcﬁ@ﬁsrrh&eyrs The

Hammi ng di stance table generator is” resfonsive to t stat e sequencer and
det er mi nebe ubed. HafaWitarpi decsxdalr,\ cfer éxampls, lderzomipestie ingoss hbély paqwncwrmf staees,

recei ved symbol s,,.25, and Itio Th| er.fornmed once
and st or e #¥PeTeREad HY b EommolED cﬁnco&r%ﬁg@%& R i e e

digital communigaifne deagt rrafibll A B kBl Bllink e resultof @f1dom
access nmenory. The Ha thance table 1s a“nenory ar ange as a three

di nensi onakclositelar (XIDR) Iopemmmtwm eacichit dfthetectived tiadeandghelresparneebitabl e
e B O T o T RS i S Srober a 0L ROR Spogas & 1O
Sol atile O?ﬁ?% %"v% g@g g:tseg@eﬂ 138%etBinind e Grrb sinlE! MRAEE IR b 'thé
accumulation of error bits, which requires additional operations. For example, if the result
of the XOR on the three bit symbol is 110, it indicates that the first two bits of the received
symbol are different from the reference transition symbol. Thus, the Hamming distance is
20 the algebraic sum of the number of bits in error, in this case being two.
For each received symbol, the branch metrics for each of the possible states are
calculated by comparing the received symbol with the two path metrics for each state. This
is called the branch metric step. Then the path metrics are calculated by adding each branch
metric with the surviving path metric from the state from which the branch originates. The
25 two path metrics entering each state are then compared and the one having the lowest cost
metric is chosen as the surviving path for that state. This is called the add/compare/select
(ACS) step. This step is complicated when-decoding a punctured convolutional code. The
decoder decides which bits from the received symbols have been punctured (deleted) and

to include in the d, accumulation only the result of the XOR operation for bits which have
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menory. The Hamm ng di stance retrieval circuit receives the puncture code
“and t he recei ved synbols and, based on these inputs, retrieves the
appropriate informati on fromthe Hanm ng di stance table. The ACS
circuit is responsive to an output of the Hamming 5 distance table and the
state sequencer and cal cul ates the surviving paths for the states in the
order determ ned by the state sequences. As a result of the

i nventive device, the branch netric may be obtained w thout

det er m ni Bet békdr PInBRFE. "Thisi resultd ik 8dditibhalRomPXatiSial colifleREPRCIhe HddchCs for
all possible states and puncture codes are predeterm™ned, stored in
menory, amétricesalduiatiod staghi s greatly 10 reduces the conputational needs of

atrellis decoqer arti.cul ar fo codi,ng a signal, ysin a

Bunciur ed comvarit Pt etk or gt o6 ind Hlciobel Aimpoli e Saearedy Bess ey
be P eddeve it sHBINE i Hétemhifed Gtéy tabilg Wath fioyVele GRERYSREd BRSugh each

BRI EF DESCRI PTI ON OF THE DRAW N 15 The present invention is -
descr.i Bedpravicus statetethedirstostatae Thelstasevchengt ifofueash transition I5i dgtermiried and
simplified block, diagram of onventignal digital. tel ephone reception
por Ui on; - consedsngly B2 gt Jase o FooBgolerak o<l spdtine at Hag reren s Gha)
channel eggeffihed. This iskdalled eltfc@babdkistdpbi butterfly diagramillustrating
possi bl e state changes in the channel éncoder of Fig. 2; 20 Fig. 4 is
a sinplified blfbebkrau¢hayettiastep isaxonpygtaticually istesgiveand iy pecfopmeditequentdy evenhavi ng
a Viterbi , . dﬁéogri ng .devi ce according to a preferred enbodi ment of the
present i AYERE ¢ Spele mg‘“ﬁ‘%‘." 5 is a block diagramof a Viterbi decoder
accordigng 10. FhereRir8 it RAnSIHRRHbMBE hrédbnt!ilfention to ProFRIBRh itPReRBd tidthod
Fig. 6 is a graph ill'ustrating the three dimensions of determ ning Hamm ng
di st ances afdbapparatss fop perdenmingithedransh metimstep wisheyt real-timeFjognputation. a

flowchart illustrating a preferred nethod perfornmed by the Hamm ng di stance
tabl e generator according to the present invention; Fig. 8A is a block

di agram i MF%WWM of a Hanmm ng di stance table
according to a preferred enbodi nent of the present invention,

7 Fi g. 8Bhis|dndsthextobgectshaf thepresent inventiormpare tpravidef byt dncapdaratisnig a

di st t.abl e: . Fig. .9 ] f. hart illustr.afi fe d t hod
of obt 1 nifée Wiglers capHpirasions fevics fof ghicently dgterminme A ffor Eefliappied g
Fi 95 10AdectBls, dfifles ot iof ARG dohvblllibinl Eadekn th ApRAafRIapRROd of

determ ning the branch netric and surviving paths according to the
present i dyispre-determined for all PEdesiandEsoRE SORPERMANEITFTY PRERPRRENIIBEYBRDLNENT S
Overview of the.lnvention.10 Fig. 4 is a sinplified block di agram of
a recepti Sﬁm%t???%ﬂﬁgf’ WG gi tal wirel ess communi cati ons devi ce 400
according to a r 3 L | ME Nt
dovi ce. 400 may TRarany B IARRNL TBfike Gopbis B SR ol T o
TMS32 (026 x include a dfatyi seqlensing niaduitps Haemingrdistemde table ghesrator) aBammmgdistance ot her

sui tabl e processor.. The devic .. ..
Qab?e, a Hamming distance retgeval circuit, and an ACS circuit.

omponentsn€
TR

The state sequencer groups all of the 2™ possible states into groups of similar branch
metrics. The Hamming distance table generator is responsive to the state sequencer and
determines the Hamming distance for all combinations of puncture codes, received symbols,

25 and transition symbols. This may be performed once and stored in permanent memory or
may be performed each time the digital communications device is initialized and stored in
a random access memory. The Hamming distance table is a memory arranged as a three
dimensional table which stores the results of the Hamming distance table generator. The

Hamming distance table receives addresses and data from the Hamming' distance table
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400 may be simlar to the device 100 of Fig. 1. .The device 400 according to
"the present 15 invention, however, includes in the channel decoder 116 a

Vi terbi decoder 402 according to the present invention.

Fig. 5is a block diagramof a Viterbi decoder 402 according to a preferred
enbodi ment of the present invention. As seen in Fig. 5, the Viterbi decoder
i ncludes a state sequencer 502, agéHamm ng di stance tabl e generator

504, a Hamm ng di stance table 506, a 20 Hanmm ng distance retrieval circuit
508, and geneAitdr. (ihe cabletmaylie stored in a permanent tenidrp bea v6lgtile e edndoBacgéssups al |
of the 2[err] possihle states into groups of simlar branch netrics.
The Hammi ASM9rgt JhedHamming %ﬁr@realtemevs!ourqug reeaiyRSrihe \punetyre prdesang; e

Sequencer e BihudRbal BhA 5o iSe HAT A0l eha NS obAlke b RONERL hans of

puncture recerv ) ran on s O S according to

a pref er r efanenibg diseaoé table. t The E&S af@ﬁteiltrespaﬂm {004h oitbuﬁom Hgnmidgf or med
once and stored in pernmanent nenory be perforned each tinme the

di gi tal> céistenen table prgdihe ététmse@emands:alcnlamsam SUSHIViRE paths Sercthe ptgtes in the
vol ati | e 8¥de§ﬂ&@& ran%?tgég %@%qﬁ?‘gsf _ The Hanmi ng di stance table

506 is di nensi onal table whi ch stores the

resul ts of theAtdadrmmm ofithd BRvestiveaieviRe It draicBmétAd mayitR dtadmed ¥ithout
di stance tabl e 506 receives addresses and data fromthe Hanm ng

d| stance slaqsm@mg& oeanel metric in regléme. Retler, thy braack metrisy forrallposeblewiatast

ettt oval 28 RRbe Gl alEPORERARER R tomao apd TRk e

synbol 1(nnehdub@m;putaheﬁ@ néddp bt Sirelidecodentpasticuliely ¥6r deR6ding d digBaiSusingcat i on
and retrieves the E)proprl ate information fromthe Hanm ng di stance

t abl e 5068@ punctured conv um@alAcEieeu AsuA ressltO thes Viteshp gieeoding procgss may st  of
t he Hamm g(%f te sequencer 502 and
cal cul at e@ e esurvrl \?l ng %g%gwf%rfe‘?‘%&oglbgﬁgg}l?n t he order det erm ned

by the state sequencer. Preferably, the ACS circuit 510 is in conmuni cation
with a preV| ous ath menor 512 and a current path nenory 514. The previous
path 10 RBRIEKDESCRIPEION il R4 ..-l\ B err] states notational, which

are identified £ ide ofthe Viter butterfly cel |
300. THe previ gﬁgp?eg?lﬁx%r Lm§/lséif§°”rt?§§‘/ '&‘%é eé’v%%';? %oﬂowx%ﬁgtg % counter or
poi nter hgig nds uaim;ﬁﬁed Blogk Biigfan® 6T & cdriverticial digitdl t¥¥Bplohe FELPHSH pértibR, any
of the 2[err] locations. The current path nmenory 514 preferably conpri ses

2[err] el Eige tl%awmpéﬁedblockélaaﬂamwfraecomwlsummhglmmmm efath metrics for

2 f. h 15 hand
o1 e o ¢ bty S0 kbR Rery Bl 15S5a ootioR bl SR R iyl SRR <o

have an a@grl:egsz counter or pointer haV| ng vaI ues rangl ng fromO to 2[err]
-1 which nmay to any of the 2[err] locations.

As
resul t20bf Figa é ig mphﬂed bloqbdiagr@m qfraehg;tahte&ﬂphm reception\poptiondwvingran¥iterbii t ho ut

det er m ni ranch netr th ch netric for
al | possi @?% érfgd? eIy 'c’l'g %ﬁé’f c{:g%oﬁqlgntﬁﬁ‘ggé{rgﬁpﬁfwg@%& ored in
nmenory, amig. 5& 4 bleviediagriti &f OVRérbi Jecb@staeestding to. alphdfet @B it f theeeds
for Viterbi decoding, particularly for decoding a signal using a

punct ur ed PESERIINANLSRal code. Structure and Operation of a Preferred

Fﬂgfg' gfg ﬁ%‘? f gragh iRy} sﬁéﬁ%&z@ gllﬁ'?:e: g{lmeg?%so?f deﬁ_lmlfmxl&:ggﬁa%gun? Ssthhces o'y coder

25 punctured convolutional code;

[@} D

Fig. 7 is a flowchart illustrating a preferred method performed by the Hamming distance
table generator according to the present invention;
Fig. 8A is a block diagram illustrating a preferred layout of a Hamming distance table

according to a preferred embodiment of the present invention;
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transmtted (where r is the bandw dth expansi on-of the unpunctured

‘convol utional engoder defined as 1/R or n/k). Hence, there are also

2[ err] possible unpunctured received synbols. For a coder having m

del ay elements, there are 2[err] possible states, and thus there are (2 X
2[err]) 9
different branch netrics to be determfed in the decoder for each received
synbol . Therefore each transition synbol is repeated (2 x

2[ err])/ 2Fgy 8B illistrates teintrivsdipIpertionofahel Hemeipedistance taliléjer e are 2[err]
(i.e., 8)_possible transition synbols, and a coder with m4 wil|l require 2
x 2[err] Hg 9lsafh>zvcmrraﬂeﬁraﬁeg|aln§efetred wetf@éméab@mem#szrﬁféamwcf&m thet h each
transitio 1 four 5 tines. The enbodi ment where n¥4 is used
in-1TU reg%%%mgﬁﬁh?&ﬁg%ﬁ\nh%g Cto G 7231 - Scal abl e channel coding
scheme f oFigwi 10g), €6B, A0CCRE Flowshdre ildestratitgla pidfdiredundth6dibfdeterminia@eech

coder for multinedia communications transmtti ng at 5.3 & 6.3 kbits/sec,
Novenber buageh mewic and suiviing paths ancerdingtorthe presend investithoor at ed her ei n by
reference. For codes with larger mvalues, the transition synbol may
be repeated for nore states. That is, 10 there are nore states in the sane

group. DETAILED DESGRI : : By ENgSsequencer 502
groups all 2[err] states into groups of (2 X 2[err])/2[err] states of
simlar branch netrics. The output of the state sequencer 502 is

applied to the 1 N £ 'snan 2 abl e generator 504 and the ACS circuit
510. 15 ' Tabl e Gener at or The Hamm ng

di stange tabl eFgeneisal amplitddeblatio dtagtdhe ofiaratdpeioslipditsacer 4 digital wireless
combi nati ons of puncture codes, received synbols, and transition symbols,

t he order ceﬁmumcauomlwe .490 aféméqhng Hoa praferrideemhogimens afthepersentioventiescr i bed

Gi st ance Rb Aee g mB AR Ecigil oo BrgtRRAE By BPSsCMi EABRHX"E

6 and accdigi ﬂ%@nﬂ@r@eﬁ@ﬂmﬁd&@mnﬁﬁuﬁh’nﬁ BEothbbduitalbie grsessef. The devie?. FI g.
6is a gragh 600 illustrating the three dinmensional relationship for

sol vi ng t RBO may beisimilr fig thei deviead@8 of Sig. 4. plhedieice 40 aprpuding tothgipresefe.  As

i cal et Sokied ey R o ERARP I8 yha RGBS MRk 0

axi s 604 t@ﬂreeﬁgseﬁﬁn{réhﬁoﬁuncture code (for the received synbol) which may
vary 25 duri n%ﬁa transm ssion. The val ues of either or both of these two .
axes may vary WigH i§ geblock dlag@ﬁéﬁf@umtﬁ@l deenday a2 reearding i v prefasdoci at ed

with thes e t K .1 I en ona
S o A R O TR Pl i SRR oD s

uni que Hagafuetefl5CY, aMuennviag dﬁtanw&b brafor$iod ! AHaRmighliStafiR 166181506, a504

sol ves these relatlonshlps and stores the results, herein known as

di st and® Hemmisg distance retrigvahsiroui 508, and an ACS circuit 510.
The state sequencer 502 groups all of the 2™ possible states into groups of similar

branch metrics. The Hamming distance table generator-504 is responsive to the state

| sequencer 502 and determines the Hamming distance for all combinations of puncture

cades, received symbols, and transition symbols according to a preferred embodiment of the

25 present invention. This may be performed once and stored in permanent memory or be

performed each time the digital communications device 400 is initialized and stored in a
volatile or random access memory.

The Hamming distance table 506 is a memory arranged as a three dimensional table

which stores the results of the Hamming distance table generator 504. The Hamming
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10 di stance tabl e 506 which, as descri bed - bel ow, is arranged as a

"t hree di nensi onal, | ook-up t abl e. Fig. 7 i1s a flowhart 700
illustrating a preferred nmethod performed by the Hamm ng di st ance
tabl e generator 504. The Hamm ng di stance tabl e generator 504 preferably 5
perfornms the follow ng steps: First, the 2[err] transition
synbol s received fromthe state sequenger 502 are ordered according to
the determ ned state sequencing as follows (step 702): TRANSI Tl ON

SYMBOL O: distance table 506 ré¥dives addresses T.nd data from the Hammi%%a\distance table generato?‘.yz
(where italics represent the conplenment) 10 TRANSI TI ON SYMBOL 1:

uvw The table mayRB&\SOTddGh 2 PeBRlenPfnempty dr a volatééor random access memory.

abc I g, deternined state, sequence i s applied by the 510.a

ol | ows: The Hanhine Ghgapce Pt AFCRCrotvds i iiaihé corEped fhe dcifibor s
toget her ipndp lﬁ‘nd?f)&@ﬂ oxﬁ{hemﬁ%@@ calculates the correct a drgﬁ Hea88n dhteRiéves HRb! e

506, for exanple, as shown inh Figure 8B (describe
bel ow) ;5 appropriate inforprition froet the #ammihg distanue tahledi0st ance for one group of

st at es; (3) . .determ ne the survivj at h; and (4)
epeat steps 1750 AGS byt s BPoRRvess ab b bbb slartsming danog tablec506
Second, t By etk sditfter 8t TRk TarE o WlRHA phls 1AL el feRter St P

704) . For exanpl e, where r = 3, the recelved synbols nay be ordered as
fol |l ows: deermined ,by@h@sta’(&kéquenper. PréferablyOthe AQS cirdifitl S10Tisiim dominhmic@jomrr] - 1

uncture codes are ordered in creasing order (ste 706) . For
Exanpl e, 0 & PRvPUS e B0 S1% s Graek ABiLTeRan] ois: THORViSUS Py 1,
100, 10 memory 512, g[referabﬂ' Q&m%xﬁ@.s 28 dthtes ﬁ%ﬁ&&l,s\gﬂ@l% %lérlﬁédﬁ!ﬁ@tli ﬁ?ﬁ?ﬁs bRaRl ved

synbol, and transition Synb are eac initral values (steps

708, 710, lefusiie.of the Viterbi butterflixesit 30Q. HEhe previbusephth yehwiry 512 mapalss ek ani t h
respect to,the transition synhol (sStep . 714). Preferably, fhe received
ol anAMESH FSPEG AT BORISS HeISS yliesrasing SOy 2rIcuiicl may Refb fy oty

t oget her. 31% 2P !U&Eﬁdﬁ&.e'rﬁé’é{ﬁreh?%étﬂ %@?ymﬁﬁg&a&lﬁgorgﬁs&&egﬁ SRmERS G

synbol an the cost, for exanple, nm stance i s determ ned
(st ep 716 ptorelthe surmisipg lpsnimum paphemétticsft 28 states| dotatimnalAdentified ahtherstatesioned

2/ Bic. 1t Bf BeNedi P o) SRE! e e Pelapeava s Iy 50 (o
third bit pasRiieistotiter Eﬂgkimgtﬁlé Hgvix%e&%%éégﬂneg?ﬁg:@&h 08221 QuridthiPsbind? t he

punctured 10 position to S the path to which the received
synbol t othenyafithal®lbcations. :

As a result of the inventive device, the branch metric may be performed without

determining the branch metric in real-time. Rather, the branch metric for all possible states
20 and puncture codes is predetermined, stored in memory, and retrieved. This greatly reduces
the computational needs for Viterbi decoding, particularly for decoding a signal using a

punctured convolutional code,

tructure and ration of a Preferred Embodime
25 State Sequencer
For a rate R = k/n coder, there are 2° possible transition symbols that can be
transmitted (where r is the bandwidth expansion of the unpunctured convolutional encoder
defined as 1/R or n/%k). Hence, there are also 2° possible unpunctured received symbols. For

a coder having m delay elements, there are 2" possible states, and thus there are (2 x 2™)
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with is 111. These two values are XORed together to yield 101. This val ue
‘"is logic ANDed . wth the puncture code (110) to provide the Hamm ng
distance. In this exanple, the results of the AND is 100 and the

Hanm ng distance is the sumof these digits: 1+0+0=1. The determ ned
Hamm ng di stance is stored in the Hamm ng di stance table 506 and the table
15 address is increased by one to poirt to the next table nenory |ocation
(step 718). I f the received synbol has not been processed with .
each trangifdrem SrdfdtOefris B be determifled id e HEGRIS tféroéhcﬁyrQ@H?\IednﬁIﬂU

| ocation is incremented to the next transition synb (step 722) and
the pr oceéféleﬂeﬁqseeach(cranﬁltfoneymbgl is repedted (2 x?’f‘ﬂtﬂiltmteasFao&xahnpbnmm bBesdad with

Il ofth th 724) forthe first. d
Cecoived BBE 2nliRopEtsable\GaRod amhbolt sk & redd el Ml RaHes 2 50hr ca
synbol (St3QI%ra?13§)neﬁa@§'totH%%aEﬁl§&€§§tﬁ9déc%der with éa@lpﬁi‘ﬁsggyg brﬁsm glgé‘c@uﬁﬁg%ﬁied

synbol has not been processe each puncture c 728), the
punct ur®e ctimd:e Thaembodinenttwhere ins4 iisused ireEE decomntendationXnpexnC toGe723dde

(step 0 th roces re t ed. ttached as
Napondi x A1 Scabllchants BBE GRhem fasr Breless Anpleniantio brpetvik AJAR 25
Hanmmi ng dlsﬁééyacsodeerfoa ﬁmidnedla%%mﬂim&ﬁeﬁé lﬂfaﬁmﬁ@ﬁi&s at 53CH 6&d kBi¥. I”S and

transition synbol mm ng Di stance Ta

The Hanmi r}@wdmbttrdﬁ@@ TImdoateﬁtS@f ihis docweneot gtemqoqmratedxheramgagdeﬁmnae tFmee
I K- h I h

Lol s 6 Rodas it e Velpdst s Gansttigh eyaibol iy bé Fopaated for fmore staies, That 16,

12 10 gﬁg}@g&t,ﬁ&e@%ﬁqﬁﬂggm%@uﬂmtrl cs described above. This three

di rensional |ook-up ta as as a first dinmension a range of puncture
codes, as a sedma@redaneémsi:ochnnnt; ﬂngatms‘equencer F@cgrovpschllsdrstaséssintosgrdupss  a

third di f, t t f t I
pnct ur ¢ GhdR Kond'% Saihe pLantlph Bnch utoharhhe oyt of 4R e SBPERSHIOL it ai ns
a total OfaF plied t6%f1é?Hﬁr}m§x)g dist%ﬁ&rtﬁﬂle gex?eIrétbf SoLhRABONES dYeusegpl e of a

preferred [ayout of a mm ng di stance table 506 according to a
preferred enbodi nent of the present invention is illustrated in Fig. 8A
As seeqn in Fig.8A .th Harrm d tance table is arranged by puncture
codes, ? Al eFEPE#SYE | on synbols. For each puncture
code, a nenory At Heiminhind Each
menory bl ock Sggﬂr? 'S cﬁg%sé%{%lgﬁa%e§u%er%toggﬁ§%8§A&58%4B %13%‘%4 err])
for each cbmbiratioosef piretdf eodds, received symbolsiaal stranﬁﬁ@symda, vheedord

b- bl ock table 8 t bl.e t for
cxarpl o R i getfraines b e it sgiencer 02 Setrbhed et 1 nERERIAE é%ﬁoss for
the appr Oﬁﬁﬁl@?n&%?t%ﬁ% ferfithe REk df—l%ﬁlﬂ #st&ﬁ@?ﬂit d Biee dlmenﬁﬁ{'xél% J5) ored

in these tabl were pre determ ne Hanmm ng |stancetabegenerator
Fig. 8 i Irtletsinskip esshohva iwfilg: Sand laucoadmgm 2 seyueficet definédobyniha gtatt tjaencer t abl e

506 whi ch s, the sta ] at nce for, transjtion nbol s of a
certain pL#?gt g%’écfegral’lhgﬁifl Stratg" 'E‘F &mﬁnﬁlaﬁﬁf{e‘@%?f“b*yr@brﬁ%rl%fﬂéer s to
the transifinifitg dﬁﬂaﬂéee%wﬁﬂmm@cmbnm%d@ Ab 8defl in Fig. 6tm@tsa>asm
"even" refers to a current state which is an even state: O C

"odd" ref ecmesents thetrecewed aymbxolt As inslicatedtabote, |tberaarec2§1plostbbtrecem§d sgmbsls 7 ... :

and8>0( r ot é nmtmg%refers atra i)cl L’égmstateSto
State o |4 spadsrs B4 o plnghyse cofe for fhedreetiaumb AL pisB a8 st at o
transips Or&rx&giﬁ}aﬁdﬁﬂssi&r mﬁﬂﬁs%@@iﬂ%%}ﬁoﬁm@'ﬂﬁs&w&é %v@ﬂdwﬁhﬁin% whi | e

111, which is the conpl enent of 0, is the transition synbol for even
state trareven idorisg 8-sit@leatrahsmission. Memaﬁed withdthsseavagying salgeést is @nmsintber of and

13->11. TrI]:reangxgngls sym fibols gsrégﬁj edtlnrg axis %68 t AP an?r%\cl)inrt]%l the three dimensional space lies

a unique Hamming distance value. The Hamming distance table generator 504 solves these

relationships and stores the results, herein known as distance metrics, in the Hamming
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the sane branch path netric and conpl enent. As descri bed
"above, the Hanmm ng di stance table 506 may be a permanent nmenory. 25 If so,
val ues may be determ ned once and stored. Alternatively, the Hanm ng

di stance table 506 may be a random access or volatile nenory and the
val ues are determ ned and stored periodically, such as each tine the -
digital cellular comunications device@O0 is initialized.

13 Hanm ng Di stance Retrieval Grcuit The
Hammi ng  dili3tanbe tablecI0si e, af dederibdd BlISw! BABaNSR dshahfedihMBfbnABEkupe code
and received bits. This circuit 508 packs the received bits into the
respect i viebleecei ved synbol S. An erasure bit of 0 is stuffed into the

tured bit d
B s ot 1 ERET bl KB SRS A BB Brmed oy PR
to retri eﬁﬁtailcé"@dﬂl@ galeelzus; 304 TRt Hh:ﬁnﬁr{%’ﬂisiaﬁ@e BT rddbS 564 eetbablye S06.

Pref erably, Hamm ng di stance retrieval circuit is configuréd to
combi né tnefqrezsehwwom@tme code and recei ved synbol to obtain an

address in the di st ance .table.c ai ni nq desi i nformation.
o pret or r o bie Aaptet S fetve gn e SrEaeriier oo art Bbie
manner. 1gccording to thi detefiningd @aﬁe's@é{@ﬂ&hﬁ a9@ﬁlo'vds|(§t€15 '762)* ng a preferred nethod
of obtaining a desired ddress fromthe di stance tabl e 506.

First, th@RANGITION SSOMBOLN: the r&yzal ved syrrbol is nultiplied by
2[err] to provide px2[err] (step 90 err subtracted fromthis
value to obtain a first entry int %ﬁfﬂ"}tf’hﬁf eReS ’Bllﬁ‘??f’d?plﬁ‘ﬂﬁ% ure code
(step @04). (Recall that there are 2[err]-1 puncture code val ues.)
Alternatively, 1 is subtracted fromthe puncture 15 code value, which is
t hen nul t TRANSETHYNBVIBPL 1: uvw Next, the received synmbol is
multiplied by 2[err]. This product is added to the val ue
((px2[err])-2[err]) to obtain the ¥etei ved synbol entry address for the
puncture code (step 906). This address is added to the Hamm ng

di stance table 506 starting address to |ocate the address of the
desired table of the Hanmi ng di stances for the sequence of transition
synbols. 20 806 (step 908). The desired table of the Hamm ng di stances for
t he se%uence of transition synbols is retrieved (step 910) and out put
to the ACPRANSITFIONSNMBOL priecessiymg (step 912) as descri bed bel ow.
The Hamm ng di stance retrieval circuit 508 perforns this nethod once only
per recei ved synbol at the staba of the first group of states,

i rrespecti e t he . nunber of trellis 2 S to.decode. As a result,
this oper:ﬁ eB‘F““Fﬁét E%a)ﬁ?ﬂ’l"ﬂ’ﬁ lﬁ??L\?fi‘éYa‘@ﬁéééﬁascﬁ%pEWt 508 does not
contribute sigpjfi Cgfﬁdpystét@s Q[tHW&r&!ﬁbH%ﬁﬁbcﬁ foRthet Hﬁh@@gde@%? the

cal cul ations are performed only once for” each received s

symb
Ther ed® er, Hanmi ngfhxmmﬁmcn@ld:ﬁ@ﬁ for example; aeshowvnfio Figuire SBt(éeserbddy
readi ng successive gq ss |l ocations on the table. This is
particul arly usef ul #8¥ codes havi ng a hi gh nunber of states. For exanple,

CDMA (code (2)  retrieve the Hamming distance for one group of states;

(3)  determine the surviving path; and
(4)  repeat steps 1-3 for all transition symbols from 0 to 2°-1.
25 Second, the 2" received symbols are ordered in increasing order (step 704). For
example, where r = 3, the received symbols may be ordered as follows: 000, 001, 010, 011,
100, 101, 110, 111. Third, the 2°-1 puncture codes are ordered in increasing order (step
706). For example, where r=3, the codes may be ordered as follows: 001, 010, 011, 100,
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14 di visional multiplex access) uses n=8 and therefore has 256 )
"states. After thiss nmethod is performed once at the start of each new
group of states defined in the ACS circuit 510, the Hanm ng di st ance
retrieval circuit 508 increnments the branch netric address pointer by 2

to access the next elenent in the table. (Note that because the table is
arranged in pairs -- 5 a path and a cpppl enent of the path - the address
pointer is increnented by 2 to access the next address.)

Add/ Conpa | ' ' b |
2[err] trgﬂ’i&}gb’gg g't ggﬁﬁgﬁ e éltn %t}nr%cr?gg’ rte %eg@u Vi Sghﬁgéggéﬁé%gyﬁgﬁ?ﬂg?@i c. The
ACS ci r cubeét tb Infitial saluen(sesps 708, 761 212)i nati on of the states according to the

o T e R bt hbALie 11
and previ gy p?fe?erﬁﬁg})trrl# r@ée?ve@rs?gmrbol d Qaskgtha %Jgg‘)og%\rxﬂ &g;}é%&luéwog[cjer .

determ nes t’he survi g paths the two sta
based dn (XORpd)dugeathes. Fh¢ pumctureconds isthesappliet to]theprdcdsfel re¢eivadrsymbel dndl | owi ng

TN b Y D )
to the prg el 3Y fdfolwdn Alsg%rlefﬁhe [Egcreweﬁ%gm%lqy@l Qhd %hle [puné@%ﬁg :EJ %{lcj)%lner r]

states is selected (step thi's group, a st Viter tterfly
cell is tobe Ebopdhd Odndicutesp bitQ0 B¢ pundtuped(deleted)] Threpuactued cqderiddicatestiatt hi s

o oup, o SN U VS BRICHITEY o TRYS, heereivel RN KR § SEBBY Horhe FUOEHTSTA
group, a ' ‘e FECA

pr ef eryed Or A4 i ' |Saidrd | Lo 10C, -
Gescri 1oaPRaratso bbaBRHICETAile Wl AapKDARER ML febeied HEROPLAR oot
netric (amdthis111. Cthogel teroevalups arel KGR eHitegbttizy taljield 19]. Tievathe isdogig ANDRedf i r st

| gor - vaPHB IR (A R de i Hpming diariet, 1BARBREIPIS ¢ Bo¥iHe sane
group havj qu-DS@ P AR L oG t: : hk j tional
25 Vi ter'lc))?&::etel exgg(r)lg'ih%n st eps dﬁgéﬂﬁeﬁg%e%gﬁ?tg%%gf‘ﬁ%itss\f,\%pé_}-l%gGA . Next,
t he addr edsterminel dlamming ldistarica ds sioret dmthe Halnhingidistdnoe tableesicehdithe fabieo

retrieve rics,.for the next group . of stajes (step, 1008 If not all
of thelyrd §S%F(n2f@2§<’é{\?s19wpé>prqtgth§t@§t% R?én%gﬁk?&%%!ﬁ@éﬁﬂ 7(1§§-ep 1010),

th t | : | t ed.
Wien al | of -t het BRaoRavREER0PHas i BRer fcterd it MEaP FRRETR SRECERERLSC o

conpl et e. 720), the transition symbol memory location is incremented to the next transition symbol 15
Fig. 10Bis a flowhart 1100 illustrating a preferred nethod for, expandi ng
a first (step T32) andsthe pracessrenepted.o [ everysiesryv 8] hag gobbeenpsogessed ikt i ve
enbodi nmen Wellget ' o Dl ‘ el |
expansi on%%ggﬁhggﬂ%sgﬁ)tﬁ?g‘h% :@sr%{’q%? F]oé %ﬁﬁﬁgﬂ&ﬁ&ﬁé td etified gfﬁggg{n%‘lﬁérf/al ue 0
into t2ke peeatibnls imaethentedros the dékt adckivmis symbobi(step (726 andl 1ME2processed is
Calculate for state 0. Retrieve the first branch netric (for path 000), add
it to therepeatedpﬁé%c dgecepied symbel has nptbeep prepess ﬂ&”ﬁwsh QuBGtreSods (step

t enporary PP | I o L.eved

T om monor o ST PURhER opdd Rbmod Weation fs Bz B ndE bhiule o EEECTC
Af t er t hi §30pardahe procedsds bepeatiedhg di st ance tabl e address is increnented

by 1, to point to the next pranch ric (for .path 11 a t he preyvious
let h mem)fy 51 Attached as Appe is asserxTnPBtly code(of a prgferred metjﬁ)od ortJ geterxmm'[r)lg the

25 Hamming distance for a full range of puncture codes, received symbols and transition

symbols.
Hamming Distance Table
The Hamming distance table 506 is a memory circuit arranged as a three dimensional

look-up table. The Hamming distance table stores the results of the Hamming distance table
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10 pointer is increnented by 8 to point to the-previous path netric for
"state 8 (step 11Q6). These two values are retrieved and added t oget her.
(step 1108). This sumis conpared to the path nmetric stored in
tenporary nenory, with the mninmumvalue of the two suns being :
retained and stored in the current path nmenory 514 for state O (step 1110).
This is shown inthe first two lipgs of Fig. 8B in the EVEN state
‘colum. After this operation the 15 Hamm ng di stance table address is

decr ement ed, Byl shO 2P Risfahcd@etich Qegcﬂﬁed)z{b%%.hTHﬁttﬁx’eg dfn¥nsional look-85 GpR00 and
the previous path nmenory pointer 1s not changed so as to remaln pointed to
t he previ dias apat firstrdimensiof ar ranga b péndtwt eppdds] A2 k. second dimension aGahgeubfat e f or

tate 1. Retri h ) h.metric f th 00 d add it t
Che pr ovi GEESH s Hmtale, 1 454 thisd AUBETiich e ok Byio SYSRF REF SPEHEHAS 1 ¢ he
t enpor ar {n . Fl i t
colmamﬁ) . yé '? %tpfgtaﬁa% 358%2%3%@/?%29’1{1%% The %E@ta&?s agfr%cstgat% Q%Sac}g{?gég i's
i ncr enefit €0F Dy x2° kQ° glemerts.t Anteliamplerdf alpeefartéd lapdutiof a (Haniming distqnae bablel 1) and
the previous path nmenory 512 pointer is decrengnted by .8 so as to int to
the previ o8 agRerHingi0 ¢ preferisd embgdiment plthe present gyventigpis tretsﬁ %Elgagg-
retrieved tI%QJS&]iIE I L L - i h in
t enporary @rﬁegr%gslg ia%th?ﬂmr‘?i mum og %%%E?ﬂ&@&m%néﬁm%@% gé’(}%ég’ gﬁgmst ored
inthe c grsymhdsls,mﬂ ltrbmmnl M ggnﬁ)b& (Edrga)ch];im&).lre éﬁdgm miehiosy block S%MPQBpnh t he
Hamm n i stan table address is crenent.ed. lto | n ack to_the
br anch et 802250 BEF oﬁ%ei\dnm ek Peans g%m%d ﬁ%ﬁﬁ?‘}ﬂ@@ﬁ%%ﬁ&*ﬁa
gh?ggggo i%gg?’)tf%oeagi% oﬁth%ﬁ&és’rs]igle%?fe? iggdc %f[ﬂ?btoﬁ.e HYCR YdcRived Bthbbl S8S-blotk 88ka St at e
16 dnghades b cablet806 chistaimingceach possibbecdst fbreexamidliee Hampringdistande) tbrphevi ous

path nmenory pointer are ?acE where they started. In the

pref er r ed EHHsBER Ffrensitiqn mpals o hs-ADPERPERtE FERAGtURSTCOdE ARt esseived,ymbol The
si mul t ane Bpyain) e ﬁqﬂih i )
t he whol emglle%ﬁtg%ggsth?sg%%érfor%@gm&. oﬁég%?{aé%}: ne%fi%(@%%%pgu%%%n. '
The cal cul at i orFig @B ilisates the@ntrit® in a portioh betheHiummiag dischnbe tabledOobatitier f | y

cell. Fig. 10Cis a flowhart 1200 illustrating, a preferred_nethod for
expandilfig 1aps dessvates\and pathisequence Ty fransition syrabalg of ajqertain pungtugs ¢ode. {dp this e
first cell apgsha V\AP,P.[B | ff cehej i pat h
menory 51 g%gﬁgnter gbtna sogs%%gén{ogtﬁé\%@gag%gﬁfé egégﬁ%en%ygggpfkg‘éisﬁafﬂét he 10
i |1 ustr at itvamsition fipleg” rferstog cultent staters/bidh is an even state: 0, 2C4) 6ul. gt"edd'brefess at e
10. Increnent the Hanm di st ance tabl e address b oint to

2 .
line 3 of tpﬁéutrarms@twhiﬂglganséc} statepdBithd val 4 %Xi(%éhgwfﬁmég) S pat h

menory 12 .addt ess j nt S 202).. .ng_di.stanc dr IS
now poi nt dq2 _an?ﬁ%‘d%%ﬁt&%cg_ to s&%{étﬁnﬁ@e ﬁg?r%\%t@eg%%e %&g%@éré%o???rneg{g% of
Fig. 8Bo ReiteitRMSitibhe0-HBMaE NG s SiiNedR ft4te ahsifiéns 3981 ah€ 5a91d ; taKilePT 1Y OUS
path netric, add them and store the sumin tenporary nmenory (step

1204), Af twehich il compleatentoof,000 Hethieldransitiop sfinstobfor everndsite tradsitienss8§ and
incremented by 1 to retrieve the next branch netric (for path 111) and
t he previ our1Gandpddstnte fyansipps &1 pad 13—11.03be eavesare granped inte sigtesthavigi nt to
t he previoys pat tric for state step 1206). These netrics are
retrieved tﬁﬁﬁﬁﬁ"d éﬁ%@ﬁegwcoﬂ??@ mis conpared with the sum stored
in 20 tenporarys §saitRe ebARht PRHiAY BiihdAabik 506 &aﬁ\%%ﬁkﬁﬂmﬁﬁfim&@fﬁd in
current path nmenory for state 13 (step 1210). After this operation the
Hanmm n@5di 5@ nvahues miay be detehnired anse and storetk cAleamiatively] the/Himming distaneevteble he

next branch netric (for path 000 nd the preyvi oys pat ) nor oi nter
romai ns. uriXiAFAGs agndam %feﬁo?rn‘to)lq F‘ﬁ@"’a’rg\#it%‘é_‘bﬁtaﬁe deerined B wdeafle

(step 121Z%erodically, such as each time the digital cellular communications device 400 is initialized.

Thus,
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25 Cal cul ate for state 11. Retrieve the Hamm ng di stance branch

"metric at path 0QO and add it to the previous path netric for state 5
and store the result (step 1214). The Hanm ng di stance tabl e address
is incremented by 1 (to path 111) and the previous path menory poi nter

Is incremented by 8 (to state 13) (step 1216). Retrieve the Hanmm ng

di stance branch netric at path 111 and ?dd It to the previous path netic
for state 13. 17
Conpare this sum w the fi L t s st or in tenporary nenory. Store the
m ni mum of t he th menory 514 as the

survi vi ng pat h TheHamiridgedistdnce étBdvalleirbit 508 receivé¥ t‘h@iec‘éi%& pORRE8icb@Nand he
Hanm ng di stance tabl e address is decrenented by 1 (to path 000) and

t he previ &wsivehbits. Fhissirguib¥8maeks the revgived haﬁgné@tl"@cremctg@ rne@emdrsypbolg; Ied to
13 A
code for AbSTEPEEYLEEO L sftpd oy the punchirb ) FeafEn FRIGATE SR B8R0 0 oy ¥

Concl us§ on 10 TheHamrﬁﬁigcﬁstm{wwﬁé%Ecﬂﬁfﬂm théd dQerifindsha aiieﬁelsmm@vmch
functi ons: [err] The state sequencer 502 determ nes the optinmum

state seq@{emﬂ%aHammﬂ{géiﬁ?'ﬂce metrrm&omathqﬁagmunsdemge table| 586 g Breferablyy 504
: predeter el_i t he

it a1 2 Ao R St i is configuyed to CoRpu ik ey EEp @R gode

retrieval afd fesivdd s?BBolCiSbBtfaﬁi‘ AN QFdrediGn IR HafndAl i8HAcSRBIRBARInIY desired  f Or
each received synbol . The ACS circuit 510 determ nes the

sur vi vi ngigfermstion t Injapsefered etabodme@teth@@ddress is generated i theifollowing manner.

The i nyentive atu roVi de t,0 ner.at e

recri ol BREE A e BBl ROD ket < Brhell Afhol o KRR ARE

real -ti mead8iessd fromlthe Hanehid %Hﬁ‘t&@e table?SCH, OFifst |tﬁ@ﬁﬁndt@t@l¢6¥ié £5? thdreceived
conput at ional requirements for Viterbi decoders - especially for t hose

with |ar geymbﬂes rwiltiplied by gf'ng provnde px2% (step 902D MNeat; @ de suhtiabted feombthis ment s

f h b |
Che. | nven ABR SERUADE 1t HEBCR fsateriay lpck Tk bt et padi e o). (Regal ' ©
function. ufy pRFSRE 2si<phﬁ&ﬁ&elcedé Daué ) Algatibly rme&s&a%e% ﬁ&ﬂihe:#%ﬁ%re

functions nay be suitable and s bstltuted in place of
di st ant®. cnldmeaiwgvlmmethwmmleplmdtbgcﬁ"rrents may be devised by those

fs (l;: : L\?Md nlg nc|t gﬁl}%x\ tg\é }'ere‘.%%d gynﬂ)ali Esl Q&npﬁeﬂ; Qe l?lls E)}r;du%tn g aﬁgg to ﬂcl) f vg.hrl]ee
((px2™)-2¥) to obtain the received symbol entry address for the puncture code (step 906).
This address is added to the Hamming distance table 506 starting address to locate the
address of the desired table of the Hamming distances for the sequence of transition symbols
20 806 (step 908). The desired table of the Hamming distances for the sequence of transition
symbols is retrieved (step 910) and output to the ACS circuit 510 for processing (step 912)

as described below. '
The Hamming distance retrieval circuit 508 performs this method once only per
received symbol at the start of the first group of states, irrespective of the number of trellis
25 statesto decode. As a result, this operation of the Hamming distance retrieval circuit 508
does not contribute significantly to processing overhead. Thus, the address calculations are
performed only once for each received symbol. Thereafter, Hamming distances may be

retrieved for all states by reading successive address locations on the table. This is

particularly useful for codes having a high number of states. For example, CDMA (code
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18 APPENDI X' A Hamm ng.

"asm DEPARTMENT: MSA  PRQJECT G 723.1 LOW
BI T RATE SPEECH ( ANNEX C) FUNCTI ON NAME hancal c COPYRI G T:
I ME MODI FI CATI ON HI STORY  VERSI ON 1.0 VALI DATI ON DATE:
070897 AUTHOR: LARRY VAN DEN BERGHE
DESCRI PTI ON OF CHANCE : HANDCODI NG TiE ROUTI NE Hantal c:

Cal cul ate all possible hamm ng di stances for full range of puncture codes,

tribit SYH'bBlo%alatﬂﬁiug@k f&c&%@ﬁﬁés m=8 A4 Eher&faRaial 298 states. Aﬁer tﬁg(Method is SET
NDX split) Exit Condition NDX

CLR (ARO peaformpd drice at thNEim‘?edDEIﬁbNI g’fdnm\bf statei)fﬁﬁﬁlﬂ% thEMOBYtlrcuit ] IB,Zth&/e nmory

( ESP;()) L%%mg qigatgm‘f retnev%l 28‘{” mcremengstge bran chg @Lreés égfgteﬁéégn h)

puUn001, 8yglaccess the defBelemBR Wit tatie. I(Note that because the tdbldis arranged in palF§-€9S

S apath and a complement of the path -- the address pointer is incremented by 2 to access the

next address.)

d mpar ircui

The ACS circuit 510 expands all 2™ trellis states and determines the surviving path
10 and metric. The ACS circuit 510 sequences the determination of the states according to the
information provided from the state sequencer 502. For.each Viterbi butterfly cell, the
address counters for the current path memory 514 and previous path memory 512 are
loaded. The ACS circuit 510 determines the surviving paths for the two states S, and

S;11,1 based on the previous paths from states S;, and S,.,™', in the following manner.
15 Fig. 10A is a flowchart 1000 illustrating a preferred method of determining the
branch metric and surviving paths according to the present invention. First, a first group of
(2x2™)/27 states is selected (step 1002). For this group, a first Viterbi butterfly cell is
expanded (step 1004). A preferred manner of performing this expansion is illustrated in Fig.
10B, described below. For this same group, a second Viterbi butterfly cell is expanded (step
20 1006). A preferred manner for performing this expansion is illustrated in Fig. 10C,
described below. These two cells use the same Hamming distance branch metric (and
complement) identified by dgg, d,;, being the first two elements in the Hamming distance
table. Note that for codes with larger values of m (such as CDMA), many states may belong
to the same group having the same branch metric. In that case, there will be additional
25 Viterbi cell expansion steps after the second cell (step 1006A). Next, the address to the
Hamming distance table is incremented by 2 to retrieve metrics for the next group of states
(step 1008). If not all of the groups of (2x2™)/2" states have been expanded (step 1010), the
next group is selected (step 1012) and the process is repeated. When all of the groups have

been expanded (step 1010), the process is complete.
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. text ; Section for program code . def hantal c

".def hamtbl **** outer |loop **** (oloop ..to... b oloop) defines |oop
for all synbol puncture conbinations (001 to 111) **** mddle |oop ****
(m oop to... b moop) defines loop for. all tribit synmbol conbinations
(000 to 111) **** jnner loop **** . (rptb) defines loop for all path
metrics an defined in data sequence "pg hd" hantal c

Hamm ng. asm opl #100b, pnst ; split arO

initialise datgig 3bB4§ a flowchart 1100 il &¥atin §a3§réferr@ﬂ’%{e}ﬂ%d for expanding a firft! #1
bl pd #pat hp, *+ | a t r pt #7

bl pd #h Nitett tbp;tevﬂy cell (using the va.lues afrthe 1lluatrat;vahthmﬁiﬂlent of Fig. 8B). Inplhi;t #6
Pl g;jp i abu’ga'%gl}‘g ’the Viterbi butterHHgﬁrjllr o gorpg:e&nrs on the first lme ofljx%1 . 2, ﬁbg,mﬂéglrmOl
lace  #punO0l 10ad the value 0 into the previous path memory 512 address pointer (step 1102).
5 Calculate for state 0. Retrieve the first branch metric (for path 000), add it to the
previous path metric (state 0), and store the sum in temporary memory (step 1104). The
previous path metric is retrieved from memory 512 using the address counter (pointer)
described above. After this operation the Hamming distance table address is incremented
by 1, to point to the next branch metric (for path 111) and the previous path memory 512
10 pointer is incremented by 8 to point to the previous path metric for state 8 (step 1106).
These two values are retrieved and added together (step 1108). This sum is compared to
the path metric stored in temporary memory, with the minimum value of the two sums being
retained and stored in the current path memory 514 for state O (step 1110). This is shown
in the first two lines of Fig. 8B in the EVEN state column. After this operation the
15 Hamming distance table address is decremented by 1 to point back to the branch metric for
state 000 and the previous path memory pointer is not changed so as to remain pointed to
the previous path metric for state 8 (step 1112). .
Calculate for state 1. Retrieve the current branch metric for path 000 and add it
to the previous path metric for state 8 (step 1114); the sum is stored in the temporary
20 memory (shown by line one of Fig. 8B in the ODD states column). After this operation the
Hamming distance table address is incremented by 1 to point to the next branch metric (for
path 111) and the previous path memory 512 pointer is decremented by 8 so as to point to
the previous path metric for state O (step 1116). The two values are retrieved and added
together. This sum is compared with the sum in temporary memory. The minimum of these
25 two sums is selected and stored in the current path memory 514 (step 1118). After this
operation, the Hamming distance table address is decremented by 1 to point back to the
branch metric for path 000 and the previous path memory pointer is not changed so as to

remain pointed to the previous path metric for state 0 (step 1120). So at the end of the cell
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add #6 samm arcr ; punct | oop ol oop splk

“#0,tenp ; Jtribit, 000->111 m oop | acl tenp mar
* ar0 | ar ar0, #pathd ; paths, special order spl k
#7, brcr r pt eham 1 ; inner loop, for 8 paths |acl
tenp xor *+,ar3 ; ar0: xor path & tribit, arp>punc
and * ; error 16 add. #handi st samm
arl mar * arl ; ar p>hand nop
I acl *, eRfadsion the Hammﬁ@fdldﬂzﬁﬁfﬂ kdble adﬂ&&?'ﬁ@iﬁtérlahd Frevious path men§é§ lpointér+, ar 0
; build tabl e, next tEat h eham tenp add
#1 are back adere theyestarted. sub *7 bcnd  nloop, | eq
m ddl e | oop,

81& rthg ! réfrerérf% emqogiment THie incrgx%en%ﬁg’crerg?rg ?)f addreSNas occ%{?:' er

cnpr 10b

| oop, 7 XsipititGheously after each nie@dory aétRbPfor no additional CPU cycles. Thus, the whole
iiyaasgsaasaaaapathd st table of “all” path symbols in
speci al5 sptpsesioe performed mathoyt branch rpqnhpomputanmr d 000b .word 111b

word 101b 011

ThE cglculatlon for states %, PO+1 5 caled the second V:Itel%l butterfly cell. Fig.
10C is a flowchart 1200 illustrating a preferred method for expanding a second Viterbi
butterfly cell. This is similar to the first cell expansion with one difference being that the
previous path memory 512 pointer starts as a high value and is decremented. Again, the

10 illustrative example of Fig. 8B is used.

Calculate for state 10. Increment the Hamming distance table address by 2 (to
point to line 3 of the table of Fig. 8B). Load the value 13 into the previous path memory
512 address pointer (step 1202). Hamming distance address is now pointed at the branch
metric for path 000, as seen on line 3 of Fig. 8B. Retrieve the Hamming distance branch

15 metric and the previous path metric, add them and store the sum in temporary memory (step
1204). After this operation, the Hamming distance table address is incremented by 1 to
retrieve the next branch metric (for path 111) and the previous path memory pointer is
decremented by 8 so as to point to the previous path metric for state 5 (step 1206). These
metrics are retrieved and added (step 1208). This sum is compared with the sum stored in

20 temporary storage and the minimum result is selected and stored in current path memory for
state 13 (step 1210). After this operation the Hamming distance table address is
decremented by 1 to retrieve the next branch metric (for path 000) and the previous path
memory pointer remains unchanged so as to point to the previous path metric for state 5

_ (step 1212).

25 - Calculate for state 11. Retrieve the Hamming distance branch metric at path 000
and add it to the previous path metric for state 5 and store the result (step 1214). The
Hamming distance table address is incremented by 1 (to path 111) and the previous path
memory pointer is incremented by 8 (to state 13) (step 1216). Retrieve the Hamming

distance branch metric at path 111 and add it to the previous path metic for state 13.
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;001
02h :

.asm .word 001b S sy handi st

S s sy sy The nunberical val ue of hamm ng

di stance for a given error path handi stp .word 0O0h ; 000 .word O0lh
.word O1h : 010 .word 02h 011 .word O01h 100 .word
101 .word 02h ; 110 .word 03h ; 111 The sequence of al

possi bl e synbol puncture codes punOOYg ; tribit puncture .word 001lb .word
010b .word 011b .word 100b .word 101b .word 110b .vord 111b

21
viterbi.

10

15

20

25

Compare this sum with the first sum %P@Q'té&x&rary memory. Store the minimum of

atign two sums in the current path memory 514 as the surviving path for state 11 (step 1218).
After this operation, the Hamming distance table address is decremented by 1 (to path 000)
and the previous path memory pointer is not changed so as to remain pointed to state 13
(step 1220).

Attached as Appendix B is assembly code for a preferred method of implementing

the inventive decoder.

ncl

This inventive device performs the following functions:

The state sequencer 502 determines the optimum state sequencing.

The Hamming distance table generator 504 predetermines the Hamming metric

table, such as on initialization of the decoder.

The Hamming distance retrieval circuit 508 determines the metric address sequence

for each received symbol.

The ACS circuit 510 determines the surviving path metrics for each received

symbol.

The inventive apparatus and method provide a method to generate branch metrics
for punctured convolutional codes without computing them m real-time metric. This results
in a significant reduction in computational requirements for Viterbi decoders, especially for
those with large constraint lengths.

The above described embodiments of the invention are intended to be illustrative
only. For example, the invention has been described using a Hamming distance as a cost
function. A person skilled in the art readily recognizes that other functions may be suitable
and substituted in place of a Hamming distance. Numerous alternative embodiments may
be devised by those skilled in the art without departing from the spirit and scope of the

following claims.

end
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DEPARTMENT : MSA  PRQJECT G 723.1 LON BIT RATE

SPEECH (ANNEX C) « FUNCTI ON NAME appenDYk! @ bi COPYRI GHT : | MVE
MODI FI CATI ON HI STORY VERSI ON: 1.0 VALI DATI ON
DATE . 070897 AUT Hiyming . asm LARRY VAN DEN BERGHE
DESCRI PTI ON OF CHANGE : HANDCODI NG THE ROUTI NE Vit er bi Vit er bi
decoder for discrete channel information using optimsed nethod of
branch/path netric detrm nation. Entry Condition SXM_ SET
NDX CLR [ARO not spliit) 7 Exit" "Condition "~ SXM™ "™ TSET “NDX
TLR (ARO nof split) DEPARTMENT : MENGRY DEFI NI TI ON DECCDER

MVEMORY In B2 Menory (DP=0) ptbl . set 60h . 3 wd,
punct tbl tenp .set FRIRCT L G TH -t RS PIERSPEEDY EMNERT

cl ass

. set 64h bcl ass . set pyncrfndu@st : ;sethamcjléh G723node . set 76h in

mai n In: BO Menory (DP=2) ;tribit . set 0100h ;198w viterhbi
i nput synmboi s ;i nfo_bit CQPYRIGET st 0100h IME202w out put bits ;stftbl
.set  01dCh_.... stuff_table ;prevpath . m ___. .set.__.01le0Oh __: 16w _.currpath_m
. set 01f Oh 16w ; path . set 0200h 202w ( CAh)
' ; MODIFICATION HISTORY
VERSION : 1.0
VALIDATION DATE : 070897
AUTHOR : LARRY VAN DEN BERGHE

DESCRIPTION OF CHANGE : HANDCODING THE ROUTINE

Hamcalc Calculates all possible hamming distances for full range of
puncture codes, tribit symbols and path states.
Entry Condition SxXM SET
NDX CLR (ARO not split)
Exit Condition SXM SET
NDX CLR (ARO not split)

; In B2 Memory (DP=0)
temp .set 63h .
;ham_tbl .set 02cah ; 448w (1COh)

.bss ham_tbl, 448,1 ;i (1C0h)

.bss pathd, 8,1

.bss pun001,8,1

.bss hamdist,8,1
CODE
mmregs
.text : Secticon for program code

def hamcalc
.def ham_tbl

***x* outer loop ***+
: (0loop .to... b oloop) defines loop for
: all symbol puncture combinations (001 to 111)

«*«* middle loop **+*
; (mloop to . b mloop) defines loop for .
. all tribit symbol combinations (000 to 111)

**a% inner loop erx+

. {rpth) defines loop for all path metrics
as defained 1n data sequence “pathd”

- LT
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; ham t bl

; main routine
lar
;arl
lar
lacc
adad
samm

splk
lacl
mar
lar
splk

oloop
mloop

rptb
lacl
xor
and
add
samm
mar
nop
lacl
sacl
eham
lacl
add
sacl
sub
bend

mar
mar

cmpr
retc

::::::::::::::::

of all path symbols in special sequence of 4 groups

000b
11lb

101b
010b

OLlb
100b

110b

#pun001p,

ar2,tham_tbl
hamd ptr
ar3, tpunf0l
#pun001

£6

arcr

$#0, temp
terp

*, ar0
ar0, ¢pathd
#7,brerx

eham-1
temp
*+,ar3

*
thamdist
arl

*, arl

*, ar2
*+,ar0

temp

1

temp

27
mloop,leq

*, ar3
*+
10b
tc
oloop

e

pathd

set 02cah 448w (1C0h) in hamm ng asm
5 Channel BitStreamr set 0490h 39w (27h) fr convencoder: chan_pac ; mask
set 04c0Oh 16w, conv state tbl, punct nmask ;tregtbl set 04cOh
32w traceback table :chan_bit _r Hanwming .38600hN 606 (25Eh) rcvd bits
bss  ninfobits,| bss codebits, | bss n0. 1
22 Viterbi. asm . bss
prevpath _m 16, 1 . bss currpath_m 16, 1 . bss
pat h, 202, 1 opl  [$3%0b, mpgkk, 16, gplit aro .bss tregthl,h 32,1
CCDE ; initiai{Q¥ 84S tables .include "vittbl.h" .include
"cst _chan. h" lar arl,eXpathd ; Section for program code
. def vi t er bi rpt ¢7 | def prevpat h_m . ref ham t bl
. in hamm ng. asm P4, ¥PAERR. ffof’ tregth ;in vit_tbl.h ;
.ref maskp iar ar1,. bghaistSysChannel B| trate .ref

b| t _class_r rpt 7 ef punctur _r ; .ref NI nf oBi ts6_3
; Tref  NPHEOBi fkmdipte, *+ .ref  NInfoBitsSID ;
. ref Cr CLen lar arl, #pun00l

rpt t6

blpd *4

; o/p table ptr .

; punct lqpp

; tribit, 000->111
; paths, special order

; inner loop, for 8 paths

; ar0: xor path & tribit, arp>punc
; error
; arp>hamd

; get hamdist, arp>ham_tbl
; build table, next path

; middle loop, 8 tribits

; outer loop, 7 x punct

................................
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.ref G723_node ; . ref BCHLen viterbi |dp #GOh

************_*****zk********************.*************************** * k k%

‘al l ocation of registers for viterbi &nstuff erasure **x*x ; ar0
stftbl (stuff table) ; ar | chan pit r ar 2 hanm ng
cal ¢ hamm ng di st ance ; ar3 - currpath_m survivor path netric
; ar4 pat h survivor path ; arb prevpath_m
survivor path netrie ar 6 gener al ; ar7 gener al
call tlast’ ; calc last, ninfobits call nbits
; cal c coded:hi:ts;:n0;:save: neémdpeot ectied::;:::;:::i;i:n0:coded:bits, copy
chanbit r to Th?fﬂﬂmbffic?l value of hammiﬁﬁfdistance,§9F7a given error pFEn
ar7,:codebi tguaistp | acl * bcnd  go, neq go to
viterbi it coeded hoks ; ooo | ar ar7. :nO | acl *
num not - pr ot eg)téréd g?ﬁts; ggé sub #1 samm ar’?
nunber of rep S : | ar ar6 #chan_bit _r nop r pt
* ar6 :2;5 rgﬁi ; 23%, ar6 r pt ar7 bl dd *
info bit r .worda o02n ; 101 23
Viterbi.asm -word 02h ; 11p gt
.word O3h ; 111
Fiisiiiiiiiisiiiiis: punQOl ;i iiiiissiiiiiiiiiiiiiiiiiiiiiiii

; The sequence of all possible symbol puncture codes

pun00lp ; tribit puncture
.word 001b
.word 0l10b
.word Q1llb
.werd 100b
.word 101b
.word 110b
.word 111b

.end
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*kKhkhkkKhkx Set up the Vlterbl kkhkkhkkhkkhkkhhkhkhkkhhkhkkhkkihkhkkikkhk*kx go Cer

'sxm ;N0 Sign extension o] #100b pnst ; osplit
arO spl k #8, indx APPW%f‘é)dI st anc cnfd
; BOin data space mar * Vipgrpi.asm ; m/ mask & bit pack
table to BO | ar ar 7, #mask ; address in BO 60h in main
r pt #16-1 bl pd #maskp, *+ tar ar7, #prevpath_m
| acl #4h rpt #16-1 - sacl *+ | acc
#stftbl TTTTTITTstuft faplrée 701N, T meduleT ety T T T T add " #11
sanm arci - DE ﬁ@gE@dulo 12 syghol limt L L N 'O W eYo ]
decode bit el asses ****x*xxkxkkhkrkrkx decode bitclass 0 bclO nmar
* ar7 i lar arrFo#Estnct urr G.723¢Y LOW BXT RATE SPEECHUANNEX Cphc1],
eq " ‘decode if blpb&ﬁg@rg% M Pleerpi #2 bl dd
*+, *pt bl ; mv puncture table into B2 | ar
ar? tbit_class_r COPYREGHT : * b #1 sacl
bcl ass e ,..class bits -1 .. ... call . mable ______ . ___i_. generate
new erasure;table | ar ar Q, #stftbl S tribit stuff table
| ar arl; #chan_bit r xopircerctIckaiasTory | ar ar 4, #pat h
survi vor pat hs cal_l metric calc netrics for all
sanpl es tlecode bi th JEE M Bel | lar *%ar7, #punctur _r+3 mar
*,ar’ ; lacl * vaLipaTIon DA@B bcé7dse=q decode if bits
t here i orpt #2 bl dd *+, #pt bl mv puncture
table into B2 | AYTHOR : ar 7 #bit c| dSERY #4N DEN BERGHE

; DESCRIPTION OF CHANGE : HANDCODING THE ROUTINE

; Viterbi : Viterbi decoder for discrete channel information using

; optimised method of branch/path metric detrmination.

; * Entry Condition SXM SET

; NDX CLR (ARO not split)

; Exit Condition SXM SET

; NDX CLR (ARO not split)

: MEMORY DEFINITION

In B2 Memory (DP=0)

ptbl .set 60h ; 3 wrd, class punct tbl N
temp .set 63h ; tribit store/path store
templ .set 64h

bclass .set é5h

last .set 74h

; G723mode . set 76h in main

; In BO Memory (DP=2)

;tribit .set 0100h ; 198w viterbi input symbols
;info_bit_r .set 0100h ; 202w output bits
;stitbl .set 01d0oh ; stuff table
;prevpath_m .set 0leOh ; lew
;ecurrpath_m .set 01£f0h ; léew
;path .set 0200h ; 202w (CAh)
;ham_tbl .set 02cah ; 448w (1COh) in hamming.asm
;ChannelBitStream_r .set 0490h . 39w (27h) fr conv_encoder:chan_pac
;mask .set 04cOh ; 16w, conv state-tbl,punct mask
.tregthbhl .set 04cOh , 32w traceback table
.chan_bit_r set 0800h ; 606 (25Eh) rcvd baits

.bss ninfobits, 1

bs codebits, |

b;‘.:_:) ng, 1
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lacl * sub #1 sacl bcl ass class bits
-1 call « ntable generate new erasure table
cal | metric calc netri cvstfl%ri %Iml sanpl es bllcl ass bcl2
| ar ar7, #punctur ,[err] rar 7
24 ¢ Viterbi.asm | acl *
band bcl3. eq ; decode if bits there r pt #2
bl dd *+, #pt bl : pU ture table into B2 | ar
ar7,#bitclass r +2:§:Z iﬁ‘;ﬁ?ﬁt Eg sub #1 sacl
bcl ass ; -bsk as Spalph 129211 call nt abl e ;
generate new eras B2 e t;f .1 cal | metric - calc
netrics for all sanples -° bi*&l ass 3 bcl3 | ar ar 7, #punct ur _r +9
mar . *oar’7 | acl * bcnd trc, eq ; decode
if bits there """"""" Tpt-"T #2 - vl-dd----- * ¥, #pt bl mv
punct ure t.dble_into B2 __lar_____ar7.#bit_class_r+3 Lacl

‘sub . umibls sacl bcl ass ; class bits -1
cal | nt abl e -include “viggeplehat e new erasure table cal |
metric ingaft "AEEFIs" T or call sanple

. ion for program code

.def viterbi
.def prevpath_m

.ref ham_tbl ; in hamming.asm
H .ref tregtb ; in wvit_tbl.h
H .ref maskp - H
; .ref SysChanhelBitrate

.ref bit_class_r

.ref punctur_x

H .ref NInfoBits6_3
; .ref NInfoBitsS_3
: .ref NInfoBitsSID
; .ref CrcLen

.ref G723 _mode
: .ref BCHLen

viterbi ldp #0h

LR 22 E AL R XX R R R XSRS 2RSSR ARSI R SRR RS XSRS RE R AR SRR 2R X
*hEk allocation of registers for vitexbi & stuff erasure *xx*»
H aro stftbl (stuff table)

; arl chan_bit_r

; ar2 hamming calc hamming distance

H ar3 - currpath_m survivor path metric

; ar4 path survivor path .

; ar5s prevpath_m survivor path metric

: ar6 general

; ar? general

A2 RS SR EE AL R 2R 2R R R RS R LSRR R R R R RS R RS ERER SRR R EE R SR

call tlast ; calc last, ninfobits
call nbits ; calc coded bits,n0, save not protected

IR AR EEEE SRR 222 R R R R AR R AR S SR EE R EE SRR R AR EE R EEE R E R R RN EREER]

if no coded bits, copy chan_bit_rxr to infé_bit_r

mar *,ar?

lar ar?,scodebits

lacl *

bcnd go, neqg ; go to viterbi if coded bits
lar ar?, #n0

lacl * ; num not-protected bits

sub 1

samm ar? ; number of repeats

lar ar6, =chan_bit_r

nop

rpt +, art

mai t aré

rpt ar’

bldd *4,3info_bit_r This Sheet Has Been Replaced

Il




**%k%k%k%% do the traceback fromlast coded bit ********x* trc cal |

Tl-ace ****ivk**j* apperKj not_prcn:ected tﬂ tS R R I b R 2 I b S I b S S I
nCbits nmar * oar7 | ar Zi | acl *

; num not-protected bits bend**® ﬁx eq ;o *** if n0 =0,
skip section sub #1 sacl tenp ; numnber
of repeats | ar ar7, #codebi ts | acc #info_bit _r

add * retSUD #4 ; tail bits samm
bmar ; ; start address | ar ar7, #tenp nunber
of repeats : r pt * arl = chan b| t r bldd

*+ bmar *%%\***%\****k** s?te§¥ d‘,lhé ve‘é?ﬁbéxt**&**é*)zrt****ﬁcw**ﬁc*ﬁ*ﬁﬁ****************
cndx apI #0f f f bh. pnst clr ndx setc  sxm ret

E*h ik kk*kk* kkkkkkkikkikkk*k*k

***********«f* enéizaf Mak program ** §3 *siid ekt dnsisd
subroutines fol | ogpl ****X00b¥ ‘plasts * * * % x pHit ard
********ivk*******ﬁp&k****aﬂvkmh&**ivk*ﬁ*bﬁaﬁchﬁhﬁmaﬂﬂg****** R I I I S I S I b S P b b b I b Y

routine "ntable"oaggh*F R IIIIREE Ly shranapgses C reference puncture

table to synbol |meamel maskr? ; mv mask & bit pack table to BO
Viterbi.asm lar ar7, tmask ; address in B0, 60h in main
rpt £16-1
blpd tmaskp, *+
lar ar?, #¢prevpath_m
lacl #4nh
rpt $#16-1 B
sacl *+
. lacc tstftbl ; stuff table [0...11), modulo cntr
.add #11 .
samm arcr ; set modulo 12 symbol limit
;*t*t**t*** k 1°°P R decodé bit classes frtrxkhtb kR AR RANIA RTINS

2

; decode bitclass 0

beclo mar *,ar?7
lar ar?, ¢punctur_r
lacl *
bend bell, eq ; decode if bits there
rpt #2
bldd *+, #ptbl ; mv puncture table into B2
lar ar7,#bit_class_r
lacl *
sub #1
sacl bclass ; class bits -1
call mtable ; generate new erasure table
lar ar0,#stftbl ; tribit stuff table
lar arl,#chan_bit_r ; rcvd data
lar ar4,#path ; survivor paths
call metric ; calc metrics for all samples

; decode bitclass 1

. bell lar ar7, #punctur_r+3
) mar *,ar?
lacl *
bend bcl2, egq ; decode if bits there
rpt £2
bldd *+,8ptbl ; mv puncture table into R?
lar ar7,#bit_class_r+1l
lacl *
sub 1
sacl bclass , class bits -1
call mtable . generate new erasure table
call metric ., calc metrics for all samples

bitclass 2
bcl?2 Lar ar/,#punctur r+6
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f'or each tribit. Table contains npdulo 12 stuff erasure nmasks nt abl e

sar ar0, tenmp . save ar0 cont ext | ar arO, #stfthbl
tribit stuff table ' | ar ar7, #mask spl k #11, brecr
nar %, ar6 ar p>punct ur giterbi. *enerate 12 synbol s

rptb emake-1 ; period 12 determ ne bit b2 sO | ar

ar 6, #pt bl ; punctur]x, 0] | acl *+, ar7 ; | oad
punct[ 0], incr, au»mask and * ar6 ; AND wi th nask,
ar p>punct bcndbengcl.'!,SF_an €0 ; decode if l:li@glthere #100b sOn sach
, b2 determ ae bitebl sl | acl *+ ar7 ; | oad
punct[1], incr, a‘Plﬂﬁnask"'*Ptbl anwv Punc'“rtaltﬁble into B2 - AND wi th nask,
ar p>punct ror bendf’ PAHRL 2SR | acl #010b sin orb

; b2bl saChb ¢1 determne bit b0 s2 | acl *+ ar7

; load punct[2], $asir, balpssrask ; classgritls -1 *+, ar0 ; AND wi t h nmask,
asp>stfthbl. <:’_Anbcn“c&ab s2n, eq enerate Aewceras g s2n orb

; b2bl bO ¥ooare 9 SY¥t bt ar p>punct enmake

| ar ar0, tenp call métri€©st or e ar;Ocale metrJ.cs fcﬁt all samples

R I b b b b b I R Rk S R I I b b b b b R R I R b b b S S R b b b b b b b b b S Rk b b b b b b S R S b b

i e e RCT @S paetEtla/b, 2afb" iiiiiiiiiiiiiiiss 5 gets

branch-netrics fram preealrf:ul ated hamm ng di stance table ; adds branch
nmetrics to path amdlselects survivor path ; stores survivor path metric and

path id entry/b"g%t e get rretacade ARCYES there . Sn
metrics with i anblE& at e*+|0§1§1!@>1 add; SROpdncR@leNediRE [in€o B2 | acc *
arb ; getiashrt ekrammtadla@é,)rreypath m add *0+, ar 2
; ace prev shrtPtiskeur rBr ch, arp>hamm ; sach ;
*
short netric to §§p glsds | ong brangh metric, | acc -,ar5
; get | ong hammtdecr, arp>prevpath m add * ar3 ;
acc prev shrt Pt h+eur r Braghblear p>cur r paieherate neeoarrpane/wllect /store
ri . 1 f lon ranch n
crit. call metric ong b, acagc mrcPtrJ.ctsCfo? aJx[ll samples
ERKR KKK do the traceback from last coded bit  *txx&xtxx
érc call trace
;i'tt*t*** append not-protected bitS AERAEXKRAR AR AR TR A kK
nObits mar *, ar?
lar ar?7, #n0 .
lacl * ; num not-protected bits
bend cndx, eq ; *** if n0 = 0, skip secticn
sub #1
sacl temp ; number of repeats
lar ar7, #codebits
lacc tinfo_bit_r
add *
sub #4 ; tail bits
samm bmar ; start address
lar ar7, #&temp ; number of repeats
rpt *, arl ; chan_bit_r
bldd *+,bmar

LR R R RN RN restore Context & exit B A A E R EEEEESEEREEEEREEX]

cndx apl ¢0fffbh, pmst . clr ndx

setc SXIm
ret

Eh AR AT RE R KRR E end of main program KRR KA A KA R RE R R KA ALK R R
[ EENEEENNERNESE] subroutines follow I F AR E R ENNEREEENE R EEER N

L A R A N A R R I I I R R R R N I B I R R

s . s, rOulane "mtable™ L L L
transposes C reference puncture table to symbol level mask This Sheet Has BeenR
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‘zz:: : Xiﬂl\lﬁ’ﬂm

get et 2a

endm
path netric

ar p>prevpat h_m

ar p>hamm

mn acc path netric,

ar p>pat h(n)
i f short
set bit via bmar

set

llv“ |I nop XC | . nc
opl tenp
macro . Sn+l metriBEeTRi-2# i ncr state path add short
| acc *+, arb get shrt hamm
add *0, ar2

[ err] prevpathpia

Viterbi.asm

sar aroadcemp *

shrt Pt h+curr Brch, 128r p>cfdr p'szﬁr%

; 1 f long patg (a%niz I&é’?ﬁ%

bmar | IenEER s | b rracro ;
add short path metr! c : ’ p’pén
ar p>pr evpat;hdenermine bit b2add *0

shrt Pt h+culPBr ch lagy p>rF&’ﬁ‘rﬁPtbl

to accb ; add | di§ brani¢lE metric

| ong hamm+decr,

i f long branch
ace path metric, ma&p>pathgr) |

4919 tc $1§é brcr

PP Pr aopate m

shrt Pt h+curr Br ch,lag¥ p>cdfepath_m ;
. if Iong BPanchs#fh, tc set

acc path netaatemlaénﬁga;lh(n_)
if shrt path (aeeb.) #+sadTi n

bmar

sln

; set

. erxddn *,aré
bend sin, eqg
lacl £010b
orb
sach

; determine bit b0

s2 lacl *+ ar?7
and *+,ar0
bend s2n, eq
lacl #001b

s2n orb
sacl *+, aré

emake lar ar0, temp
ret

,ar2

ar@ve ar0 context; ace prev
%H’pfaﬁé‘f%e?"é’&?/ store
sacl * ar2

Set &igspindtyr@ pat h

opl tenp

ace prev
;Sg¥eg$ur[x 0]

; load pun

; AND w1thT&i§k
corrpar e/ sel ect/st ore

i Rac| *+-ar2

surviving path

; loadﬁphnct[nEuTﬁncr, arp>mask
; AND with mask, arp>punct

incxy, arprpask
arp>pun gf

; b2bl

; load punct(2], incr, arp>mask
; AND with mask, arp>stftbl

; b2blhb0
; save stftbl, arp>punct
; restore ar(

AR AR AR R AR AR AR R T AR AR AN AR AR R LA AR AR LT ERARA AL ARAR AR AR AAA RN A R AR AR

getmetla

.macro

add short path metric

lacc *+, ar5

add *0+,ar2

sacb
add long branch metric

lacc *-,ars

add * ar3
compare/select/store

crlt

sacl *+,ar2
set surviving path

nop

XcC l,nc

opl temp

endm

getmet2a .macro Sn+l metrics,

add short path metric ;

lacc *+, arsS

add *0-, ar?

PR AN

macros

“getmetla/b, 2a/b"

gets branch- metrics from precalculated hamming distance table
adds branch metrics to path and selects survivor path N
stores survivor path metric and path id

entry/ exit, arp=2

sach
add long branch metric
lacc *-,arb

Sn metrics with incr state path

; get shrt hamm, arp>prevpath_m
; acc prev shrtPth+currBrch,

shoxrt metric to acch

get long hamm+decr, arp>prevpath_m
arp>currpath_m

acc prev shrtPth+currBrch,

if long branch min, tc set

arp>hamm

acc prev shrtferr],
ach short rretrlcto arch .

| ong br anch rfr%’t refcai tr:.b:l.t Tabllea%aetaln,s mogfxg 12 stuff erasuregélfs sOI’lg hammt+dec,
26

add

crlt

store nmn

1,c

set bit via
£TE'[I’ICS with dec state path ;
; get shrt hamm

short netric

, get
; ace prev
crlt

store mn

|, nC
set bit via

store min acc path metric, arp>path(n)

if short path (accb) 1s min

set bit via bmar
with incr state path
get shrt hamm, arprprevpath wm

ace prev shriPthicurtiiren,

short metric to b

get lLong hammidecr,

arp>hamm

drprprevpath m



getmet2b nmacro ; Sn+l netrics with dec state path ; add short path
metric lacc *+, arb ; get shrt hans, arp>prevpath_m
add *0+, ar?2 ; acc prev shrvtigtrm{currBrch, ar p>hamm sach
. short .netric to acch ; add |ong branch netric lacc *-,ar5

; get |ong hammtdecr, arp>prevpath_m add * ar3 ; acc
prev shrtPth+currBrch, arp>currpath_m ; conpare/select/store crit

, if Ong. branch '1115" te *S,ta.'i _ .S%.%l: prev *sn.g:rl’%h+curr8rch, arp;>c§ztr%£&_m n acc
path netric,; a®hpaxeaddied)/storeS€t SUrviving pat XC |, c
If long path (acckrits mn opl if teegppranch min,tc set; set bit via bmar
endm oo sagl - . -*-,a:r?outi ne " netstpxe min aco path. metric, arp>path(n) . . _

reconst ruct ‘ t15 b WPh 828t o stuffing yig.syibpl.ahuff t@ble - determine
hamm ng tabl e address frem stuff tabl geandetwibbinhr - get hanmm ng di stance
for first branch i-erdpat h sequence - group states according to synonynous
paths (4 st tt%gégromléf -..calc.survivin attehpaq_gtri cs for all states in

group - ¢ Tagdp_@gb@p °Q,rmgfé’.>g = *Or (‘)’htﬁlsd% *stat’es register

al location for "meéad C" *#}F ks ****xx % x Gk *shit hamm, arp>prevpgtB _m stft bl
i add *0-, e o] th+. reh . arp>hamm
arl chan_bit _r aF2 hanmi QQo%f%tg??% e Brer ar3

sacb O acc
currpath_m add lon b§£q4:h adt@ih . prevpa’f h_m ar 6
general metric 1ddel bl t-ya@60NStruct; @8t long hamm+déd@|l arp>diel@Es_m samm
brcr .adfunber.aof3 cl ass trii bf¢ Prdv shrtPth+cuypirch, arp>cygrath_m
rpth  emet i pompare/select/stogam of c| ass hits . SPLK #0. ;[err]
crﬁt - ; i1f long braan mlﬂ,t se
. clr terrp [err] sa 1aC| *+, ar2 ; store min &dd pat! O@Qrﬁi,f thlzj>path(n) and
100Db ; set surti®Sig p2tn 27
: : XC 1,ne¢ ; if shrt path (acchb) is min
opl temp . ; set bit via bmar
.endm
getmet2b .macro ; Sn+l metrics with dec state path
; add short path metric :
lacc *+, arSs ; get shrt hamm, arp>prevpath_m
add *0+, ar2 ; acc prev shrtPth+currBrch, arp>hamm
sacbh ; short metric to accbh
; add long branch metric
lacc *-,ars ; get long hammtdecr, arp>prevpath_m
add *,ar3 ; acc prev shrtPth+currBrch, arp>currpath_m
; compare/select/store
crlt ; i1f long branch min, tc set
sacl *,ar2 ; store min acc path metric, arp>path(n)
; set surviving path
Xc 1l,¢ ; 1f long path (acc) is min
opl temp ; set bit via bmar
.endm
****f************t****t******t*********i‘**t*t***t*******t*‘ttt*
iiiiiiiiiiiiiiiiii: routine "metxrie™ iiiiiiiiiiiiiiiiiiiiiiiii

- reconstruct tribit with zero stuffing via symbol stuff table
- determine hamming table address from stuff table and tribit
- get hamming distance for first branch in path sequence

- group states according to synonymous paths (4 states/group)
- calc surviving path metrics for all states in group

- calc paths for next 3 groups of states

;***t**t register allocation for "metrj_c" KAt AR A I AR AT NS AL kAN
; ar0 stftbl
;s arl chan_bit_r
;oar2 hamming distance table ptr
ar3 currpath_m
., ar4 path
; ar$S prevpath_m
aré6 general

metric
tribit reconstruction

lacl bclass
samm brer . number of class tribits |1
mar *, aro
rpth emet - | ;onum of clans bats
splk 0, temn ool temp

qu laci . ,oar0, load st ftbhi T s e e e L L
and £100b . test b2
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Viterbi.asm bend gl, eq

; skip if punctur =0
‘nmar * arl - ; arp>chan_bit | acc *+,2,ar0 ;
| oad to b2, arp>tbl sacl vntp b ;. b2 gl | acl *
| oad t bl and #010b TEErRL-pALt b1 bcnd g2, eq
;o skip if punetur =0 mar ; arp>chan_bit _r
| ace *+,1,ar0 ; | oad to b1, ar p>t bl or tenp
; b2bl cl t | oad t bl
and  #001b ,,,2‘;" iﬂg%t bl ;:’;;Ecb,ﬁ CHd? eq . skip if
punctur = O laccMAr *+,2, &goar | i load to p2AakpeabAn_bit r I acI
*+ arO : s4dad F‘H‘Pbo, ar p>t bl b2 or terrp
b2b1bO g1 Sagle; tenp . 1oaalddibit det erm ne hamm ng tabl e
addr ess nod | & sdiloam t bl ; test faun001 add *+ 6,ar?2
; add stftbl (ar0)bsgs, 9hc1l=q ar p- >hangdib if punctur sup #64 ;
000 pattern does it ex a af’g?‘ﬁ : add tribit x8
spl k #0, tenp ??- tfzg'eanrﬂ now ugﬁ@s pa hWwor a-
; 0/1 bit definesssurv pabh do 1st x4 states, arp=2 SO 1 sacl ar 2
;oar2 #+0, 9pth 000 | ar ar 3, #urrpathm . state 0,1
| ar ars, prevbﬁtlh Mooib spl k 1°ag goh, dbnr , 50, bit 15
get met | a. bend  mod, eq | cal' CsKiBtilti s.lnp;am— 0 spl k  #4000h,
dbnr ;ma81, btiarls 1>¢l@b2!a~t_810 11 lar ar 3,

; aye
#currpath_mr10 1“;'L st?‘t 3700 11 f load

oaP0. 2TEFFBL  #prevpat h_m+13

spl k #0020h, dBiE  cemp . S10] i getnetl b
;calc netri c/ pat h spl k #0010h, dbnr . S11, bit 4
get met 2b  : dere2mihexuprgingt eabl&S2d@ress adr Kk #2 ;oar2

#+2, path rot Jhee |ﬁf‘;—§b;ar3 #c
| ar arb, sprevmth

13 get metdaa temp, 3
splk $0, temp

lﬂcr,t§}Ee3h%mé%l

%gﬁﬂ‘é& ex1.st ; S2. bit

; add tnbncabc rret ric/path
; temp now used as path word.

; 0/1 bit defines surv path

EEXRKREXATR AL AR AR A A AL AL AR A AT AN A AR

; do 1lst x4 states, arp=2

S0_1 sacl ar2
lar ar3, #currpath_m
lar ar5, tprevpath_m
splk $¢8000h, dbmr
getmetla
splk $4000h, cbmrx
getmet2a

§10_11 1lar ar3, tcurrpath_m+10
lar - arS5S, ¢prevpath_m+13
splk #0020h, dbmr
getmetlb
splk $#0010h, dbmr
getmet2b

; do 2nd x4 states
S2_3 adrk 2

lar ar3, scurrpath_m+2
lar arS, #prevpath_m+l
splk $2000h, dbmr
getmetla
splk £1000h, dbmr
getmet2a

S8_9 lar ar3l, #currpath_m+8
lar arS5, #prevpath_m+12
splk £0080h, dbmr
getmetlb
splk #0040h, dbmr
getmet2b

., do 3rd x4 states

S4_5 adrk £2
lar arl, #currpath_m+4
lar arS, sprevpath m+2
sptk 800h, dbmr
getmet ja
splk $Q0400h, dbmr

; ar2 #+0, path 000
; state 0,1

; 80, bit 15
; calc metric/path
; 81, bit 14

; state 10,11
; 810, bit 5 .

; calc metric/path
; 811, bit 4

; ar2 #+42, path 101
; state 2,3

. 82, bit 13

; calc metric/path
: 83, bit 12

; state 8,9

; §8, bit 7

., calc metric/path .
. S8, bit 6

-, ar2 #+4,path 011

. state 4,5

sS4, bt 1l
. cale metric/patn
. 85, bit 10
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spT’NSSheAﬁlﬂeQBee aced © S3, bit 12 getnmet2a S8 9 | ar

ar 3. ; state 8.9 | ar arS, #prevpath mtl2
spl k ; S8, bit 7 getnetlb
; calc matrlc spl k  #004GRAPiddi ; S9, bit 6
get-net 2b do 3rd x4 states S4 5 adr k #2 ;oar2
#+4, path 011 | ar ar3, #currpath_m+4 ; State 4,5
| ar arb5, #prevpath m+2 spl k 1 0800h, dbnr . S4, bit
11 get mefpyet? ; calc metric/path spl k
#0400h, dbgis_15 1ar ard, PRurrBhin_hbi4 ; state 14,15
28 lar arS, #prevpath_m+15  Viterbi.asm get net 2a
S14 15 |lar atggge#cd!')?"&at HAbRHE1 4 ; ‘st t €01 %ﬁcl/gath | ar ar 5,
#prevpath_mrl5 o sooo’iﬂ' Igbmr #0002h, db it 0 , S14, bit 1
getnmetl b getmet2b - calc netric/ pat h spl k  #000l h,
dbnr ) ; S15, bit O get net 2b do 4th x4 states
S6_7 adrk oo (f#2.4 states ; ar2 #+6,path 110 | ar
ar 3, #eur r patzh_mg ¢2 , State 6,7 ; ar2 t469patn 1R 5, #prevpath_m+3
spl k #0200h, d.bm ar3, #currpath_ 65 bit ;Ostate 6,7 getnetl a
; calc netric/ patlﬁ‘ ar5, #prey Eﬂb “‘“%#0100h dbnr . S7, bit 8
get net 2a S12 ;ﬁm J:lqr'°2°°hard§ #currpath; nig;gb;:tim/r,at%t ate 12,13
| ar arS, #preypat h_gtidn, dbmr ; S7, bit 8 .

getmet2a

S12_13 lar ar3, tcurrpath_m+12 ; state 12,13

lar arS, #prevpath_m+14

. splk £0008h, dbmr ; 812, bit 3

getmetlb ; calc metric/path

splk $#0004h, dbmr ; 813, bit 2

getmet2b

; store path & metrics
mar *, ar4

lacl temp ;: result path for 16 states
sacl *+, ar3 ; store path, arp>currpath_m
lar ar3, #currpath_m
rpt $#16-1 ; copy metrics
blad *+, $prevpath_m ; currpath-> prevpath, arp>stftbl
; test stftbl addr for modulo 12
mar *, ar0
cmpr 10b
nop
Xc 1, te
sbrk £12
emet ret .

Piisiiiiiii: mapping of states and path seguence ;;;;:::::.:

::::::::::::

; Path Even survp odd survp s=set /clr
000 0-> 0 s 8-> 1
111 8-> 0 0-> 1 s
; 000 13->10 s 5->11
111 5->10 13->11 s
101 1-> 2 s 9-> 3
010 9-> 2 1-> 3 s
101 12-> 8 s 4-> 9
010 4-> 8B 12-> 9 s
; 011 2-> 4 s 10-> 5
100 10-> 4 2-> 5 s
; 011 15->14 s 7->15
100 7->14 15->15 s
110 3-> 6 S 11-> 7
; 001 11-> 6 3-> 7 [
110 14->12 s 6->13
; 001 6->12 14->13 S5
RA AR kR AR et kAR RSN R kR A KRR RN A R R R R SR RA KRR RS R R KRR AL KRR AR ER R AR
routine "traceback” e e e e e e e e

. do the traceback from last trellis position
; uses special table "tregtbl"™ which defines bit position via TREG2
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spl ; S12, bit 3 getnetlb
; mamj l’ spl k #0004h, dbnr ; S13, bit 2
get path & netrics mar * ar4d | acl

tenp . result patBte®br2s86 st ates sacl * 4
ar3 ; store path, arp>currpath_m | ar ar 3,
#currpath_m r pt #16-1 ; copy netrics

bl.dd *+ #prevpath_m ; cur r pat h > prevpat h, arp>stftbl t est
stftbl addF*¥%6r ful o 12277 v menor B0 cnpr 10b

nop XC 1ar liarbC #info_bit_r 5 % 125 emet ret -

L3 s s rpemappegyiof states and path sequence il Pat h
Even survP ogect “SurvP  s=set /clr 000 0->0 S 8-> 1
111 8->0 lar Qr? ltregs.bl Oggt tlg’ce%lgk tbB 5->1 1 111
5->10 13p>11 #33-1 9-> 3 010 9-> 2
1-> 3 s_ 101b1pR- > #8regth, * 4-> 9 ; 010 4-> 8 12->9 s
011 2-> 4 S & 100 10-> 4 2-> 5 S 011
15->14 s = °F TIRE pa%g'e ° 7->140r 1 output 15->15 s 110 3->6

S 11-> 7 18901 jhﬂ 160debits 3-> 7 S 110 14->12 s

6->13 001 2 0 F 14->13
****************?33&**QQR%W#%&*****wﬁk%&*@ﬁ?ﬂ#?g?i****************
................ samroukctnne "tracehaglmber.of.bits. . ................. do the

traceback fromladt treklis p05|t|on uses special table "trégtbhl" which

defines bit posiiiyn vf’a" doprEe for append of a0

sub
samm
mar
mar

ar6
*, ar4
*-,ar6

; trace the path

splk #0, treg2
rpth endtrac-1
; test for o/p bit
bit treg2,15
lace ftregtbl
Xc 1, tc
opl *
test for prev state
mar *-,ard
bitt * -
add treg2,1
xc 1, nte
adad tl
samm ar7
max *, ar?
nop
lacl *
samm treg2
mar *, arb
nop

endtrac ret

; start of traceback
; path
;: set to last bit, arp>output

; first bit=0, prevstate=8§

; path bit position (TREG2), arp>output
; get state tbl
aré o/p 1, for odd position (DBMR=1)
decr ar6é, arp>path
ar4, decr
find curr state
find prev state
if elr bit
set ptr .
path bit (TREG2)

D S T T Ty

; fetch prev state
; store for next
; arp>output

(A XS RSN EEERERS SRR RS R A AR R R R R RS R A R RARER SRR EREE R R ERE N

................

PR

routine

::::::::::::::::::::::::::

"tlast*®

; determine last protected class

tlast
mar
lacc
samm
lacl
samm

mar
lar
lacc
sacl
lar
lace

1ptb

*, ar2
¢3h
indx
#4-1
brecr

*, ar2
ar2,*last
z0

*, arl
arl,
-o;

elesti,eq

etest] |

sel last = 0, arp>punctr

ipunctur_r

rec . parncet (0]



29Th|s Sheet Has Been Rep laced viterbi.asm trace mar

: clear menories | ar
ar7, r pt #2Q2-1 sacl *+ .
| ar ) . get tracebacdk®Phi2s" r pt #32-1
bl pd #tregtb, *+ set trace paraneters spl k #1, dbnr
; for 1 output | ar ar7, #codebi ts | acl *
bend nObits, eq ;. Skip if non- coded sub #1
samm  BRCR pace 0ty ifBer of bitte: punetli2.3 a’a‘”l‘*'“t #1 add
#info_bit _r lacl Sacl = tenpl ; for append of nO
sub #1 2dd  sarth ar6 ; start of traceback
mar Yabdege, SOt W HEth ; save jggc. arP>Runchr g , set to
| ast bit, arp>output trace the path spl k #0, treg2 ;
first b|t =0; prlevtiatodis rptb endtrac-1 ; test for o/p bit
bi t treg2, 15 ;:2; *Cr¢f&fh bit position (TRER), arp>out put
| acc #tregtbl ;.- ar298Qhiskbadeg tbl XC 1, tc opl
* ; l1lar6 o/apl,l scformaadd position (DBVR=1) test for prey
state malmar o, %Fr14 ; decr ar6, arp>path _ bitt
" ' ’ béi ; %st_?_mo freg2,1 find curr
state XC xor c ; find prev state add #1
1 f clr bit bend samnqt I ; if 5.3 mode; set ptr _mar *
ar7 s patlﬁc"mt IERRIOSID 5 1 SERp | acl *
; fetch prev statgacl . samm treg2 - ; store for next
mar *, aro b enif ar p>out put nop
no lacc #NInfoBits6_3 ; if 6.3
addb
sacl *
b enif
nl lacc #NInfoBitsS5_3 ; if 5.3
addb
sacl *
enif ret

2 222X 2 X 2 AR XX R R SRR R EI R SRS EI RS RIRE PR REEEEEREE AR SR EE SR X EER BN RN R R
iiiiisiiiiiiiises: routine "nbits" [isiiiiiiisisiiiiiiiiiaiias
; determine number of coded and non-coded bits

nbits lar arl, #bit_class_r ; load bit_class(o)
lar ar2, #last
larx ar3, #codebits
mar *, ar2
lacl * .
sacl temnp .
lacc tbit_class_r
add temp
samm arcr ; last protected class
mar *, arl
lacl * 4 ; load bitclass[0])
cmpr 10b ; 1f ar>arcr, set tc
bend ecnt, tc
cnt ~add *+
cmpr 10b ; if ar>»arcr, set tc
bend cnt,ntc
ecnt mar *,ar3
sacl *,arl ;: store num of cocdedbits, arp»bitclass

calc num non-protected bits

lacc tbit_class_r+4
samm arcr
nop
lacl * 4 . first unprotected bitclass|[0]
cmpr 10b . Mf arrarcr, set tc
bend ecnt 2, tc
cnt?2 add LR
cmpr 10b .t oarrarcr, sct to
bened cptZ,ntco

ecnt ? mal ¢ ,arl
lar ari, sno
saci i



LI 3 I S S b b b b I b b b b b T b b b b b I I I S b b b I I S b b b I I S b b b b I I b b b b b I b b
endtrac ret '

Saaaaaaaaaaaaaaaasss oroutine ttlastt i determ ne | ast
protected cl ass tl ast mar o *ar? | acc #3h
sanm  indx | acl #4-1 viterbi.ashy,  prer nar

* ooar2 | ar ar 2, #l ast | acc #0 sacl *
arl set | ast 0, arp>punctr | ar arl, #punctur _r
| acc #04 bcnd etestl. eq [err] [err] [O] *pt b
et estl I ****t*t**t*****tfﬁ’ttt*tt**t*l‘*t******t*!*t**tt!*ttnttttiBOttttl:
Viterbi.asm | acc *0+, ar2 ; test punct[1, 2, 3],

ar p>| ast chan bcnd etestle add #1
sacl  *, arl el %\ng'ltéélf  ar p>p‘i§‘ﬁ?:°t°l %’i §ttsl calc ninfobits
Lacc #CrclLen splk saeh indx | ar ar2, #ninfobits | ar
arl, G723 _node rpt *, arl | acc * oar2 bcnd
no, eq . , i¥El6.3 fﬂ?d% xor #10b bcnd nl, gt

, 1f 5.3 node

(22X 222 LSRR 2222 R RS2 R 222222 R R a2 Rt Rl R R R N

.ref info_bit_x
.ref chan_bit_rx
.end
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lacc _#NinfoBitsSID ; if SID addb sacl  * b

o T, =455 0" os

sacl ehi f°

R I b b b b b b b b b I b b I R b b b b I R I b b b R Rk b b b b S b b b R R R b kS
e . S

determ ne nunber of coded and non-coded bits nbits |Iar arl,

#bit _class r; load bit_cl ass(0) CLAIMS' ar2, |ast | ar

ar3, #codebits mar *oar2 | acl * sacl tenp
| acc #bit _class_r add tenp sanm arcr ; '
| ast protfcted cl ass mar * arl | acl *+

| oad bitc cnpr 10b ; if ar>arcr, set tc

bcnd ecnt tc cnt add *+ crrpr 10b ; 1 f ar>arcr,
set tc bcnd cntntc ecnt mar ar3 acl * arl

store fumlof cdcbasiet decodar inpdigital svreless cocmuqummwmwp rf@t@s@@ag pisigaal
| acc #bit _cl ass

: first unprot 8‘&%038&6113?‘&%%?"6?1“@““1 encog%pawng_l_gbgg[ay cloments, 2 changel. v er |

set tc Béddder re8&iting sﬁﬁbél&‘ln?d comftibing: T cnpr  10b
if ar>arcr. set tc cnt2.ntcoecnt2 mar ) *, arl | al
arl, #n0 sach. -} state sequencer configured to group 2™ possible states into groups
of similar branch metrics;
10 b. a Hamming distance table generator responsive to the state

sequencer and configured to determine a Hamming distance for

possible combinations of puncture codes, received symbols, and

transition symbols;
C. a Hamming distance table configured to store results of the
15 Hamming distance table generator;
d. a Hamming distance retrieval circuit responsive to receive a puncture

code and received symbols to retrieve appropriate entries stored in
the Hamming distance table; and
e. an add/compare/select (ACS) circuit responsive to an output of the
20 Hamming distance table and the state sequencer to output the
surviving path metrics for trellis. states corresponding to each

received symbol.

2. The channel decoder of claim 1, wherein the state sequencer is further configured
25 to group the 2™ states into groups of (2 x 2™)/2%, where r is a bandwidth expansion

of the unpunctured convolutional encoder.

3. The channel decoder of claim 1, wherein the Hamming distance table generator is

further configured to:
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Viterbi.asm ret

‘Q?En \\““\\\MJ‘Q\\|\‘\\mﬁr?ndﬁtrlblt rpé ChanDiIOhtribits o n’?r101b, *

) end

5 1. A channel
decodi ng a si gnal

r ef info_bit_r .ref chan_bit _r
32 I claim
decoder in a digitajgw rel ess comuni cati ons device for
encoded using a convol uti onal encoder

having m del ay el emgnts, oie £HARRA! symbols according to & fehffineti® Sju¥idad
synbol s and conpri si ng:

5
4.

10
5.

15
6.

20
7.

25
8.

This Sheet Has
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received from the state sequencer;
b. order puncture codes and received symbols in increasing order;
c. process a received symbol with respect to a transition symbol;
d. apply a puncture code to the processed received symbol; and

e. determine a Hamming distance for the processed received symbol.

The channel decoder of claim 3, wherein the Hamming distance table generator is

further configured to determine the Hamming distance for a plurality of puncture

codes, received symbols, and transition symbols.

The channel decoder of claim 3, wherein the Hamming distance table generator is

further configured to determine Hamming distances at an initialization of the

communications device.

The channel decoder of claim 1, wherein the Hamming distance table is arranged as

a three dimensional look-up table which stores the Hamming distance metrics for

each point of a three dimensional space, wherein:

a. a first dimension is a range of puncture codes;
b. a second dimesion is a range of received symbols; and
c. a third dimension is a range of transition symbols for a particular

punchture codes and received symbol.

The channel decoder of claim 6, wherein the Hamming distance table is stored in a

permanent memory.

The channel decoder of claim 6, wherein the Hamming distance table is stored in a

volatile memory and the Hamming distance table generator is configured to

determine the Hamming distance at an initialization of the communications device.

laced



“a state se r configured to group 2[err] possible states into

~group ‘mm &@ of simlar branch netrics; 10
m ance tabl e generator responsive to the state

sequenc*er “and confl gured to determ ne a Hanm ng di stance for

possi bl e conbi nati ons of puncture codes, received synbols, and

transition synbols; 20 C. a Hanmm ng di stance table

configured to store results of the 15 Hanm ng

di stance pabl eTgepR{mMERdecoder of claim 1, wherein the Hamfhing distan¢d¥eiHedsl diciit ance

retrieval circuit responsive to receive a puncture

code and recei figthes porfigused to qoetbinieghe rexpived purichire cede anderecaiveas sychbohto

t he Hammi ng di st ance bl e; an C ... . . 3gn .
bl compar of sePRaH et in B Hamping sistanpe ol cpreiuis desinsd Tetpenasign.
Hanm ng di stance table and the state sequencer to output the

surviving path netrics for trellis states corresponding to each
recei ved d9mbolThe channel ziecoder‘ﬁfe:laimahnﬁtrthdecwpmsm acpranISL pathheempry t he

state sequencer is f rth i the
stat es |ﬂto gr GOH¥EC A&“[% ?"? ﬁnen\tzvﬁéq‘én?m‘?rg 8 &ﬁti&&panm on

of the unpunct yi&g. convol utional encoder. The channel decoder
of claim1, wherein the Hamm ng di stance table generator is
further confl gured to: a. or der

transiti O "tlﬁl % accgagcé:aigxéﬂtg%qudlet ehrerrgn? ﬁtd AC GROGEis further configyred.to

recelved

punctujie c odes réfisbelarfich budy/ sHAQ eferinthel / uir@ERL RAthFOHA states of a particular

C. process a received synbol with respect to a transition synbol; 5

d. apply a pesetedspmbaldy:to the processed received synbol; and

e. determ ne a Hanm ng di stance f0£ t he processed recei ved synbol .

4. The channel décodegelﬁ?m@laagrﬂ‘rlz%o #AEPei n t he Hanmi ng di stance tabl e

generator is expardiie!d it VRGHbI Sltteply dehl fOFiHE sBleted Rt ng

di stance for a pl ural ity of puncture codes, recel ved

synbol s, and transitci on sypéuling a second V1terb1 Eltterﬂy déﬂé’octharsnlettedigmmer of

claim fS wherein the Hamm ng di-stance table generator is

further” configured to determ ne Hamm ng di stances at an initialization of

t he 12.  The chﬁﬁmb&&ldfgﬁﬁn(i?v\bﬁ&em the A8 circuit is furtfer configdtéd £rannel

decoder of claim 1, wherein the Hamming distance table Is arranged as
expand the first Viterbi butterfly cell by: ‘

a. combining a first branch metric for a first path with a first previous
path metric to determine a first sum for a first state;
20 b. combining a second branch metric for a second path with a second
previous path metric to determine a second sum for the first state;
c. storing a minimum value for the first state selected from the first sum

and second sum;

d. combining the first branch metric for the first path with the second
25 previous path metric to determine a third sum for a second state;
e. combining the second branch metric for the second path with the

first previous path metric to determine a fourth sum for the second

state; and
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a three dimensi-onal” 1ook-up table which stores the Hanm ng di stance netrics

'for ach point of a three dinensional space, wherein:
l'lﬁl'iw!%‘uﬂlm ﬁon is a range of puncture codes; 20
on is a range of received synbols; and
athird dinension is a range of transition synbols for a particular
punchture codes and received synbol. 94 7. The channel decoder of
claim6, wherein the Hanmi ng di stance table is stored in a
per manent nenory. § wherein
t he Hamm ng di stance tabl e | storgﬁ%u%?&%éecg&?a‘%selgéte&h?ht%?em\r,rwermry
and t he Hamm ng di stance sumhiné Berthsahor i s conflgured to '

deterrn'ne he an ipitjia tion _of the conmunications
devi ce. lﬁg&an%el(j&eco erofc aEm 12, wherein the . &8s cgcult is further configured to

This is the I e RkRHATRE becBRE Viterdi butterfly cell by:

Dat e: 34 9.
The channel decoder aof clcainbining tieefirei brahéie mdaitnforghelifisst qrace witht & kidnial
circuit is further caonfigured to combine the received puncture

code and received synbol preyious path metfic to dgiegmige a Al gumdasa thirdistate;Hami ng
di stance table contgjni ng:oﬂﬁﬁhﬁr%%e' LG BLah O metric ﬁar n&é)ﬁ%c%ir{'}%mc%ﬁ%e'

decoder of claim1, further cofprising a previous

connected to the ACS cir domtth peevibua path metric t@dbtl&nﬂiﬂéﬁrsycﬂﬁ;mnﬂﬁm‘ttﬁdtmm t he
ACS circuit. 11. The channel decoder of claim1,

wherein the ACS circuit iS8%urt her configured to 10 retrieve a
branchjgretri c and d%terms%nga%\\iﬁx\%ﬂgf&%abfr@ t[a?é detedleBlefoin Ble ik Ex{' cul ar
recei ved synbol by: I'ng a group o at es;
b. expanding a first \afndendhslm;tterfly cel | for t he sel ected group; and
C. expandi ng a second Viterbi butterf cell for the selected group. 15
12. The channel dé’coderco&bnﬁp&mﬁﬁi m%lr@?tﬁch{éh%@gt B#th ayith the £ourth t her
configured to :

a. conbining a first B)r an&%qﬂﬂ{ I C fté?&e}épﬁl@%gévemhs&ﬁ{{okxf&ﬁm St?%

previ ous e. combining the seﬁ@tdbrﬁﬁhrmembcfmdahbeédﬂnaq:a&x Wwith 3he sum
for a rst state; 20 b. nbi ni ng a second branch
metric 'JTor a second pat h third previousnatigetric to detefm‘neane‘g th sum for the foystheyj ous

path metric to determne @g,seagnd sumfor the first state;

f storing a minimum value for the fourth state selected from the

seventh sum and eighth sum.

20 14. A method of decoding a signal encoded using a convolutional encoder having m

delay elements, the channel decoder receiving symbols, the method comprising the

steps of’:
a. grouping in a state sequencer 2™ possible states into groups of
similar branch metrics;
25 b. determining a distance for possible combinations of puncture codes,
received symbols, and transition symbols;
c. storing in a distance table results of-the distance determination;
d. receiving at a distance retrieval circuit a puncture code and received

bits and retrieving appropriate entries stored in a distance table; and
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'sum and second sum d.
conbi n| Bme\i“i ‘\‘ L“\th metric for the first path with the second 25
preV| ous m cSto*determine a third sumfor a second state;

conbi ning the second branch nmetric for the second path with the
f| rst previous path netric to determng a fourth sumfor the second
state; and
f. storing a mnimum pa lql rﬁﬁﬁfi” third
sum and fourth sumé i l-é“"&)ﬁﬂ;?'ht((a) (Q:ﬁanne gfegigggr?tag?é Qﬂ?%ﬂ? fhmV\%}rgel n the
ACS circuit is further cseqhengen adaddrﬁ:ompare/select cxrcumdptamﬁntngesummglﬂatl{ i terbi
butterfly cell by: 5 ining the fiyst branch
metric for the first pat metrics fpréllttmll}scftates correspon mg to the receive symbo&, evi ous
path netric to determine a fifth sumfor a third state;
b. conbi ning the second branch netric for the second path with a
f our t h Spr &%i ou$hpawdthorkof |cta1mol4dexrlmremrthe atepi of Hetemmnihgra wistancé iforher
state; 10 storing a mniumvalue for the third state

sel ected from gmpqs.eﬂbﬁsgqm]of _ and sixth sum
d. conmbi ning the §irst f-AR6 RrAELibA G &196lﬁtab€or81 %5 aIO?étEhd&ﬁ; séqu@nJeOU” h
previous path metric to deterhine a se enth sum rt tate;

e. conbi ni ng t he secorweivedifroin thestatecsequancerhe second path with the 15

third previous pathbrretrl%to determn an el(%ht for the.fourth
state; and rdering pyncture cg esrand Jece FIY IRiRerEa%ing Odf fourt h

state el ected fromthe 8roc?ssgléc 3ce1ved symbol w1th res ec‘f?d@%ﬁsﬁéﬁ@ﬁ%lse' ghth

sum 20 . 14. A met ho Ing a“signal encoded using a

convol utional encodér hasppigingra puncture code to thelpagcessed meneived symbolcirahnel
decoder receiving sgnbol ,. the nethod c?,n;ptili Si ng t(ge . steps of:
a. groupi ng i n aSst at SetETRIpDE @ distageg for the prackssed received symbaly gr oups of
simlar branch netrics; 25 b. determ ning a di stance
for possible conbi nati ons of puncture codes,

recei ved $§nbollhe metbod ofiredditi 1) wherkial the step of determining a distance.furtherst or i ng

in a distance table results @f the dlsace deferm,nagi on;
d1r5ece| vi n§OmPrises faesstep, ok dstermining stages for 2 P&W%&W#@ueaa@ e,

d.
recei ved recewed bols. and tra% uon sﬁggg and retrieving appropriate
entries stored I stance t _

17.  The method of claim 15, wherein the step of determining a distance is performed at

an initialization of a communications device.

20
18.  The method of claim 14, wherein the step of retrieving appropriate entries stored in
a distance table further comprises combining the received puncture code and
received symbol ahd obtaining an address in the distance table containing the
appropriate entries.
25

19.  The method of claim 14, wherein the step of determining the surviving path metrics
for all states corresponding to the received symbols further comprises the steps of

expanding a plurality of Viterbi butterfly cells.
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In response to an out put of the distance

Eagg} gumlmnmﬂlemﬁmllcw t determning survivi n;eggfﬂcer, o

metricd for all" trellis states corresponding to the received synbol s. 5
15. The nethod of claim 14, wherein the step of determ ning a di stance
further conpri ses the stepgzof: a.

ordering transition synbols according to a determ ned sequence

recei ved Hhhom e HAHS éﬁgﬁ’?@ f ex ey St
punct ure codes ang‘%r ecelfv syﬁ’g% %nlthr?slte CT oAb ?nr?éngoar%rsPVnierﬂItQ }}

C. processi Hgtier cemprisesdhesstegsafl: Wi t h r espect to a transition synbols;

d. appl ying a puncture code to the pr.ocessed celved y and

e. determ ni ng a?di st &HE’B“‘F‘E&“ fingkbranchmetisie 1’r %@@B@ﬂ previous 16,

The met hod of cl aim 15, I edi stance further
15 conpri ses th%st@%ﬁg?@gétg}é@% %lkﬁsgg'{“ﬁfgg I st angte for a plurality

of punciure codes, b. combining £seebndbrasgininelrie forasecbnidipath wiithra seyordo! s.

17. The net hod of claim15, wherein the step of determ ning _ a distance is
perforned at PESVIOUs Rafhmetrig to deterping 2 serend sum foy féﬁ&r%éwece 20
18, ouhe, retiod of ol o thlthy G e Ruthad S ANAPUARLCHE e
the received puncture codadaemnd sum, recei ved synbol and obtai ning an
address in the dISt nce tabl e contagining {he . a rlate
entries. 25 ad TIFOmbming the @F@Pﬁn“?ﬁm fom thedficst Ra#ég’gt[‘ fgeond

cor féé"p“;'nS?n;“?ost‘Lé' ¥ ccarOa B BbER 10 dptemying 8 third Gl firs BLiShee,
expanding a plurality of c\dmbembg tliewet@fdflir}mclﬂhbtac for the secodd path with the 20.

The nmethod of claim19, V\/nerel n the step, of expandi ng a first Viterbi
butterfly cell first Hravl@lrmﬂt icitq determe gd@ysth ym for the second

a. conbining a first k&;ﬁg%drretrlcfor a first path with a first

previ ous path netric to determne a first sum
for a first state; f 5 storing minimum valu®for the sseohd stategelrctad frondthb tiEnt h
nmetric_for a second path with second previ ous
path mdric to deterni ne S§msagd ?ﬁ RrRSRf or the first state;

C. storing a mninmmvalue for the first state selected fromthe first
sum and second sum

21.  The method of claim 20, wherein after the step of determining the first sum,
increasing an address of the distance table to point to the second branch metric for
the second path and increasing a previous path memory address pointer to point to

20 a second previous path memory.

22. The method of claim 20, wherein_ after the step 0f determining the second sum,
decreasing an address of the distance table to point to the first branch metric for the
first path and leaving a previous path memory address pointer unchanged.

25

23.  The method of claim 20, wherein after the step of determining the third sum,
increasing an address of the distance table to point to the second branch metric for
the second path and decreasing a previous path memory address pointer to point to

a first previous path memory.
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‘ rst branch netric for the first path with the second
l!il Jlﬂ“il “l previous path netric to determne a third sumfor

a se e. conbi ni ng the second branch

metric for the second path with the first

previous path netric to determine a fourth sumfor the second

state; and f. sipring mninumvalue for the second

state selected fromthe third 15 sum and fourth

sum 24, 2%he meflifd dfpciarﬁﬁ@Ooévh&Jeﬁl'tﬁégﬁR aflie sk t\hf'erﬁt eﬁf

determning the first su cre smg ana ress o g

di stance tabl e celbfupthen¢onprisehihe stepoofi branch metric for t he

second path and increasin pr evyi Q menpry addr.ess pointer to point

to 20 a sé(:ondcg‘F’E“&l rﬁiﬁth&ﬁ%‘gbwm for the firsy path Withea Hhifdnod of

cl aim 20, wherein after : %ﬂﬂ

decreasi ng an address of H}ﬁlﬁg?&h%%%gggg%ﬂuggﬁgﬁﬁtﬁ?o tﬁjfdl rst branch

metric For the . combinirgsthe petdndabrantle meirivgfoa the esdoad pathatvithraenor y

addr ess pointer unchang The nethod of cl aim erein

after the step of deter n?w%p&en@uﬁnﬁhdn%tuﬁ]to determine a sixth symp, for ﬁgmﬁ"

address of the distance g&{g e to point to the second branch netric for

t he second path and decreasing a previous path nenory address pointer to

point to c. a Siorsl amimidnem vajpatfor theiird state selected from the fifth

38 24. The nethod of claim20, wherein the step of expanding a

second Viterbi butterf]|ySuman Sixth Sum; oo | fyurther conprises the steps of:

a. f@nbining theg4firs Emh i Resd i the 1 jrd

previous path metric to oter htelg?”b?a% s%% orrtg ?ﬁ??&dhs‘%mah:@e%

b . conbi ni ng the secomcbvtnmrpathmancmdétemnhhesmﬂminpmbfwﬁrtmstate

fourth previous path netric to determne a sixth sumfor the thir

stat e; e.  cogbining @F@F?qvg bragsh s fQrhe Eeqo0H netwi tﬁ.thed state

selected fromthe fifth

d. conbining the first lf)d greVﬁu%g%tPI%etPgFo gﬁgm?lfl? %&IQ{] gﬂﬂ%u% th t ourt h

previous path netric to datgamne a seventh sumfor a fourth state

e. nbi ni ng the second branch ,netric f r t he,second p tht
third BYevi ous pat b fret r IO & GUBRKI valyg, fos bﬁﬁ@ugﬁrﬁtzftasaisctr:@‘mnht e

state; and 15 m ni mum val ue for the fourth
state selected fromthe seventh Jum and tﬁE%{g‘hﬂqu?n : seventh sum and t he
ei ghth sum 25. The nethod of claim 24, wherein after the step of

det erm nin fifth ) i ncreasi ng ap address of_the
di stance tngl e 8 ‘BS?hﬁa ‘irpod%‘Wez‘se‘EB"ﬁamtﬂf%éhe ﬁ@?rqfc‘peﬁ‘d?“% thefieeh SHHe

second path angnslghs aShdtifest oPHRAiRMTRRIE 1ITFORY th RUUBRE bR Efric!fBr POI Nt

to

20 the second path and decreasing a previous path memory address pointer to point to

a fourth previous path memory.

26.  The method of claim 24, wherein after the step of determining the sixth sum,
decreasing an address of the distance table to point to the first branch metric for the

25 first path and leaving a previous path memory address pointer unchanged.

27. The method of claim 24, wherein after the step of determining the seventh sum,

increasing an address of the distance table to point to the second branch metric for
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a fourth previous path nenory. 26. The met hod of cl aim 24, wherein

'aftegmm { M ermning the sixth sum decreasi ng an
addr mn!" Hmcetableto point to the first branch nmetric for the
25 ¢ firdt Path and leaving a previous path nmenory address pointer
unchanged. 27. The met hod of claim 24, wherein after the step of

determ ning the seventh sum increasi ng an address of the
di stance table to point to the second Branch netric for

23dr ess pointer ?’f's ec'i:ﬁ Pﬁg“i‘?&q‘ﬁ%gg ngeviougtp % ftgé]gorg&? %%\éé %&" %Pﬁoég%mgm d

28. The net hgmjmfpreﬁmgpammemW ein the distance table is a Hamn ng

di stance table and 5 wherein the step of determ ning a distance
further conprises determning a Hanm ng di st ance. 29. A
cost tabl g, for f {.CS ,for
points of 281 OT Tie &Qﬂ@&]&t lgﬁgggﬁ’%%gﬁ%n&ﬁwg ga%(lae E\%hl-gap%nng %%Eangﬂa'i)ie ahd

a. 3 first dhereinsitenstep of daageniaf & \dixtdnde futbetesomprises determining a b.
a second di nesjion is a range of recelved synbols; and C.
a third di mensHawmming Stﬁ’éﬁ?ge of transition synbols for a particular
punchture codes and received synbol.

29. A cost table for a channel decoder comprising a store of cost metrics for points of

a three dimensional space, wherein:

10 a. a first dimension is a range of puncture codes;
b. a second dimesion is a range of received symbols; and
c. a third dimension is a range of transition symbols for a particular

punchture codes and received symbol.
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