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[0001) PIPELINE ARCHITECTURE FOR MAXIMUM A
: POSTERIORI (MAP) DECODERS
[0002] FIELD OF THE INVENTION
{0003] The present invention relates to the field of processing error detection

and comrection algorithms. More specifically, the present invention relates to an

efficient pipelined architecture for processing maximum a posteriori (MAP)

algorithms.
{0004] BACKGROUND OF THE INVENTION
{0005] Some error correction algorithms, such as the Turbo Decoder algorithm,

use variations of the MAP algorithm to recover a sequence of information bits from an
encoded bit sequence that has been corrupted by noise. The recursive nature of the
calculation required by the MAP algorithm makes implementation costly. '
{0006] For example, Figure 1 illustrates the sequence output by the MAP
algorithm as a function of a set of Aforward@ metrics, and a se}- of Abackward@
metrics. However, each forward metric (k), is a function of the previous forward
metric, (k-/) and each reverse metric (k-1), is a function of the next reverse metric, (%). ’
As illustrated in the timeline diagram of Figure 1, an architecture that implements this
algorithm requires a buffer large enough to hold either all of the forward metrics or all
of the reverse metrics such that the other set of metrics can be calculated while the
output is calculated, which design leads to a decoder whose latency is proportional to
approximately twice the size of the block that needs to be decoded.

{0007)] In an effort to reduce the buffer required by the MAP élgorithm, a
modified version of the MAP algorithm, called the sliding window algorithm, has been
developed. By making a small approximation in the reverse metric calculations, the
sliding window approach reduces the size of the required metric buffer. This is
accomplished by dividing the received sequence into windows, and then processing

each window.




[err] Abstract: The sliding w ndow approach to pipeline maxi num a
posteriori (MAP) decoder architecture is nodified to decreégerl 6cessi ng
time. Once the forward netrics have been calculated for the first sliding
wi ndow of the decoder, the reverse netrics for each w ndow are cal cul at ed
while the forward netrics for the next wi ndow are cal cul ated. As each new
forward netric is calculated and stored into nenory (14). the forward
metric fromthe previous windowis read fromnmenory (14) for use vvith
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calculated in a first stage followed by a second group of forward metric calculations being

b4
-

- calculated in a second stage; (b) reading the forward metrics calculated during the first stage from
memory for use with reverse metric values to perform the output calculation; (c) performing the

- reverse ‘meiric calculations in the second stage, following the first stage; (d) performing thé
second half of forward metric calculations as said reverse calculations are being performed; (e)
storing each of the forward metric calculations performed in the first stage; (f) and writing each
forward metric calculated during the second stage into a memory location that & forward metric
calculated during the first stage is being read out for use in an output calculation.

In accordance with a second aspect of the present invention, there is provided a
method for decoding a transmission received from a remote location which includes data bits and
associated parity bits and which may be corrupted by noise in the transmission channel,
comprising the steps of; (a) calculating, during a first time interval, a forward metric value for
each data bit and its accompanying parity bits received from a transmission location; (b) storing
each forward metric value in a first memory; (¢) storing each received data bit and accompanying
parity bits in a local memory as they are received; (d) reading out a forward metric value from the
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of the reverse netrics such that the other set of netrics can be cal cul ated
while the output is calculated, which design | eads to a dédpde2008hose

| atency is proportional to approxinately twi ce the size of the bl ock that
needs to be decoded. [0007] In an effort to reduce the buffer required by
the MAP algorithm a nodified version of the MAP algorithm called the
sliding window al gorithm has been devel oped. By making a small
approximation in the reverse netric calculations, the sliding w ndow
approach_reduces the size of the required netric buffe ]
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time interval is read out of memory.

In accordance with a fourth aspect of the present invention, there is provided a
- turbo decoder for calculating forward and reverse metrics required for performing a caleulation to
determine binary states of received signals comprising the steps of: (a) generating a memory
location in an extrinsic memory; {b) receiving signals comprising data bits and associated parity
bits which may be corrupted by noise or the like; (¢) storing the data bit, associated parity bits, a
memory location and a starting extrinsic value; (d) calculating a first set of forward metric values
bascd on said data bit, associated parity bits and starting extrinsic value; () storing the forward
metric value calculated into a forward metric memory; (f) reading the calculated forward metric
value from memory for use together with a reverse metric value in calculation of an extrinsic
value; (g) employing steps (a) B {c) for calculating a secoﬁd set of forward metric values while
the reverse metric values are being calculated; and (h) storing each of the second set of forward
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In accordance with a second aspect of the present invention, there is
provided a nethod for decoding a transm ssion received fr&rpel 208060t e

| ocati on which includes data bits and associated parity bits and which may
be corrupted by noise in the transm ssion channel, conprising the steps
of; (a) calculating, during a first time interval, a forward netric val ue
for each data bit and its acconpanying parity bits received froma

transm ssion |location; (b) storing each forward nmetric value in a first

menory; (c). storing each received.data bit and.acco nyi arity bits in
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cal culating an extrinsic value; (e) utilizing the data bit and associ ated
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a nethod for operating a turbo decoder receiving data bits each
acconpanexisisyalaedeloiiamad fsdpte pit, asiacisted perityihits memayy lowtieomduaptasiéng
conprisin 'tsﬂ%aﬁsg? > ﬁr%{ ' ergc\?# (8%&%% nagﬁ;spfovr\wlarcg @%% rv%llge ba%?d c?nuéaﬁlt NS 1N tvwo
successive tinme rntervals erern one group o Forvard Retric cal cul ations
are cal cuit, ak@6iated parityi His tantli soBing ndxainvial vafue] tepwodnd yheafosend mebtrici vabuei Nt er val ;
(b) storing each of the forward petric calcul ations per_forrreg?tcgig]ri ng the

first intasulpter in g foyward msirisgocaenh Op gradiae theralevlpted fopuard, mofig valpg ®duri ng

the fi rSfon@z{r D HRMGA) fof LRTHATREDH¥h %%veﬂééﬁeﬁi@%&%faﬁﬁ\é Ihe@idsR\ghse netric

value in calculating an extrinsic value; (d) performng reverse netric
cal cul at {gpemplogiog stags (2h& (ck éu caldulttingsr fimt Brwad nend whead acoppietti on of t he

forward petric cal cul ations perforned during the, firs i.me interval; and
(o) “or |1 PR Geie pEbdl® AP ieee PR a=ar o eaard rite] iR Tl e
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cal cul ated during the first time interval is read out of nenory, In-

accor danes imivhigh ane &fihe firstssird dorward s Yapuss isrieadj il Bntsedm calewigprof 2 provi ded
a turbo_decader for calculating forward and reverse netrics required for
performng a calculation to determ ne binary states of received signals
conpri sing the st dpacatdandeawyittge siethaispenigofahdrpremnty invéntiod ttheonisi provaded@xt ri nsi ¢
menory, recei ving signals conprising.data bjfis apd associ ated parit
y t(uR))o decoder for calgculatinggr}orward and reverse métrics requirec\ %or performing a caﬁcu ation top y
determine binary states of received signals comprising: an extrinsic memory; first means for
generating a memory location in the extrinsic memory; second means for receiving signals
comprising data bits each having associated parity bits which may be corrupted by noise or the
like; third means for storing the data bit, associated parity bits and memory location; fourth means
for calculating a first set of forward metric values based on said data bit, associated parity bits and
an initial starting extrinsic value; fifth means for storing the forward metric calculated in a
forward metric memory; sixth means for reading the calculated forward metric from said forward !
metric memory for use, together with a reverse metric, in calculating an extrinsic_: value; said first,
second and third means calculating a second set of forward metric values while the reverse metric
values are being calculated; and said fifth means including means for storing one of the second
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bits which may be corrupted by noise or the like; (c) storing the data bit,
associ ated parity bits, a nenory |location and a starting éXpril2006c val ue;
(d) calculating a first set of forward nmetric values based on said data
bit, associated parity bits and starting extrinsic value; (e) storing the
forward netric value calculated into a forward netric nenory; (f) reading
the calculated forward netric value fromnenory for use together with a
reverse nmetric value in calculation of an extrinsic vaI ue; (g) enploying
steps (a sec set. .of. forward netric values while
Che'r evesl it feetv%wwgmiﬁeesa%siﬂﬁwi R 8 oy I AERFY HgeHeh of the
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extrinsic nenory for storing an extrinsic val ue; storing a first data

bit, asso# |Sfateéenepwwatuys ipian ordenedlast alqulstegito Grst @mla@ds@du(q)usmﬂg esecerdnsi ¢
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on said ﬁ:altlp o t%;lwarrganq% é’ Vah(e? n da %ve(ﬁ r@etr,b Irl'%re%g grs% %alcu atégaf{)rq‘l rﬁer}létrlc va L%

assocl a arit I ng ext rinsi ¢ val ue; (e)
storing éfhweidfsedond pbuprBtstored iﬂahmtﬁlor}dad:aﬁbﬂ frbre Gvhich tiee 1h ealauldednidtiic ealmeenory;
(f) reading the calculated forward netric value fromthe forward netric
menory fofsaidseondgeinierad®dth a reverse metric in calcul ating an extrinsic

val ue; (g) enpl Oyinragco?&as&amﬁl% e@hﬁq%pef:&rf tlfé%lréééh't ﬁﬁ;&rﬁ‘igu Fhekd 15 Eﬁovﬂ:i&f ward
nmetric value of a second set of Tforward netric values while the reverse

met ri c vaiperetus $orbisé mga cabe dﬂcacﬂeedhr @lvdlary) fosvand pmbrevires metriex reqfid er d metri c

val ue of the .seco f or war n _the same

ocati orP e d Pl B arEmR R plelef of SeEH T DGR FToal ves | s
read outmbmbryUsiestdring Glatlitdnd QRsobihted ParitP ¥itd; laMoriv@rdiabtHE membBryp@eaikdance with
a sixth aspect of the present invention, there is provided a turbo decoder

| for cal ceplctafingy firsh arenpt farvard ayicyaluppbeer o8 saidénn blb@dﬁﬁiamﬁ‘i@rﬁaﬁl‘fyrﬁ“ﬁg a
cal cul at j,on, g sco‘i‘ﬁ%%&ﬁ‘tﬁ?s% ngdng%?¥or§;51%tn?e%1c°$aaﬁe§9§ké(c?gle&b@rlﬁl' %1&9@&&3' ng: an

extrinsic nmenory, IS enerating a nenor l'ocation 1 n the
extrinsi meamefmquadmg emtdtecﬁmgmnp of smclired |\etat vileg ﬁsmgma Im;emoryomm ordéroflastat a bits
each hav] ?c late 5 OClrsaf tcglgulgtgc{ means % t1‘ Scor\llg"]olllgg sai ymeans o? rcgllélﬁgtﬁl% t{t.‘») >é:f;llCl.cl)llatg(zél or the
second group of forward metric values following calculation of said first group of metric values;
and means for storing the second group of forward metric values in a given order in said forward
metric memory, whereby a first calculated forward metric value of said second group is stored in
a memory location in which the last calculated metric value of said first group is read out.
In accordance with a ninth aspect of the present invention, there is provided a
method for calculating forward and reverse metrics required for performing an output calculation
to determine binary states of received signals, comprising the steps of: (a) performing the reverse
_ mefric'calculations in two stages, wherein one group of reverse metric calculations are calculated
in a first stage followed by a second group of reverse metric calculations being calculated in a

second stage; (b) storing each of the reverse metric calculations performed in the first stage; (c)
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like; third nmeans for storing the data bit, associated parity bits and
menory | ocation; fourth neans for calculating a first set6dprif2z006ard
nmetric val ues based on said data bit, associated parity bits and an
initial starting extrinsic value; fifth means for storing the forward
metric calculated in a forward netric nenory; sixth nmeans for reading the
cal cul ated forward netric fromsaid forward netric nmenory for use,
together with a reverse netric, in calculating an extrinsic value; said
first, second and third nmeans calculating a second set of forward netric
values while the reverse netric values are being cal cul ated; and said
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with an eighth aspect of the present invention, there js proyided an
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of received signals conprising: a first nenory for storing a data bit and
associ atradtydals intalogsi memory af heywere cecpied; [4) rardinp ey o reverp metiiovalugps theat i ng a

first group of farward netrj.c val ues. based on.sai d, data .bit, and. associ at ed
vy rfanSnor Hr 8% 6 Al 50 ARET o PuBRledre P vy BREHRRSVEI Des
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stored netric values fromsaid nmenory in an order of last calculated to
first colvEnsatesend tipednervalomlerlgingageyassgnegievalupon Ay bigsrand assediatedtiey t o
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In accordance with an eleventh aspect of the present invention, there is provided
a method for calculating forward and reverse metrics required for performing calculations to
determine binary states of received signals, comprising: (a) performing a first group of forward
metric calculations during a first stage; (b) storing the first group of forward metric values in a
memory; (c} performing reverse metric calculations during a second stage following said first
stage; (d) performing a second group of forward metric calculations as reverse metric values are
calculated during the second stage; (e) reading forward metric values of said first group out of ’
locations in memory for use with the reverse metric values calculated during said second stage for
performing calculations to determine binary states of said received signals; and (f) storing

calculations of said second group of forward metric values during a time that the reverse metric
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a nenory location in which the last calculated netric value of said first
group is read out. In accordance with a ninth aspect of the Apriexgst
invention, there is provided a nethod for calculating forward and reverse
metrics required for perform ng an output calculation to determ ne binary
states of received signals, conprising the steps of (a) performng the
reverse netric calculations in tw stages, wherein one group of reverse
metric calculations are calculated in a first stage followed by a second

group of reverse netric calculations being calculated in second stage;
() St or 1o aisdringralpigied i F swonkysercrissiby sk PR PEFF ShHe B R Ehe f i1 st
stage; (&uringtheBsetiistage Q0Gork £ BOIND Garhd R ciiBY Mab 8 fHRlaFd GetMavAIRS chlchlatddl at ed
during the first stage fromnenory for use in the output calculation; (d)
per f or mi dging e fireirsiaze b briter tead evilforisatt pafprming splod@iops it detsmine bk f i r st
st age ofstrtgsv rs%regg‘;eﬁim acqjsal cul ations and before the second stage of reverse
metric cafeulat ons; nd (e) witing each reverse netric cal cul ated during
the second stage ilnh@oflafite ity tvelfRbdipedd of thabresedt ihenass ehereds prodidaiacul at ed

during the first statlge_ is being read out for use_ in an_output cal cul ation.
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be cor r uprest hetriqoilabtipns in eo strgenswlicsin one sévemiatverse eusirsraalsilatépns Be st eps
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menory; (c) storing each received data bit and acconganyi\r}g‘? parity bits in
a | ocal lﬁéﬁ%ﬁsﬂ dager meaps Spraoadingdhs yerse gytis saensfglodlated quing B Bt Higeri ¢ val ue
from theg,fi ¥ i Qhe YstBut! QcHRtiGH b e 160k difd R GrodhPd YRiric( ©)
utiIiziH%m%ﬁéﬁgggggE%tlangaagggeggi%g ’parltyrgﬁ{s pﬁ%gﬁous y sté?ed in the
| ocal necavuiptiéng rafieatanpicaivn rof te fior segedf meterse anangd cadqulagings {od) befadaiticng a
second tine interval, calculati ng.a c"ever e netri chval ue far c[iaF? bits and
associ at ¥EPIaPET S revsise Mg caleyeTs Gre MEpnE P8 IR TSR VTR PRt e FRfeng

storing GaARp HeQVRhS Ragfihiol CmMAdry Bcsidth Gtk Ak&erse Hldric RAICHIRE] &REQME firktine
interval in a nmenory location of the first nmenory in which a reverse

met ri c vedeads teing reddutdertuseiineh agrycelplgi@h. | n accordance with an eleventh
aspect OT the pr es‘gg cor Mc%%{hoaqhirt% A Spde? ofgﬂeol%{'!esg&qnvegﬁcge@]gg% Jrgvrided

cal cul ating forward and reverse ne rl €8 required for pefformng

cal cul at inapparitas fotlRb®InF alt@nddhissithfectived fdn ofemoedadai@rwigtiginchdes daobipr i Si ng:

(a) performng a first group of forward netric¢ calcul ations aﬂt%]iw?g a first

stage; (BY &PEREHFK i Pf&dst%hl@la 8P bs corytsidynopsip e \RermisEon

comprising: means for calculating, during a first time interval, a reverse metric value for each
data bit and its accompanying parity bits received from a transmission location; a first memory
for storing each reverse metric value; a local memory for storing each received data bit and
accompanying parity bits; means for reading out a reverse metric value from the first memory for
‘use in calculating an extrinsic value; means for utilizing the data bit and associated parity bits
p_reviously stored in the local memory for célculating a forward metric; and means, during a
second time interval, for calculating a reverse metric value for data bits and associated parity bits
received during the second time interval and storing each reverse metric value calculated during
the second time interval in a memory location of the first memory in which a reverse metric value
is read out during step (d). ' '
2e




menory; (c) performng reverse netric cal culations during a second stage
following said first stage; (d) perform ng a second group6dprif2008ar d
metric calculations as reverse netric values are calculated during the
second stage; (e) reading forward netric values of said first group out of
| ocations in nmenory for use with the reverse netric val ues cal cul at ed
during said second stage for performng calculations to determ ne binary
states of said received signals; and (f) storing calculations of said
second group of f(;[)&lward metric val ues duri E%Fa time that .the reverse metric
2d 6 April 2006 vaPdEo BRE WA Teat e aPst 8 Hmf%mgeé‘E%EPe%et‘%&%‘” er eby
each for waklaB®é for Caladting f6-¥hrd uh@fcR6kse Mt WBqliRe ot @edithinklcal@atichs &t ored in
the sane |location that a forward nmetric value calculated during the first
stage i sdqmnwg binarytates pf eesive signalsncqueprisipg:niegps dail euforripg asfirstozrett ef mi ne

bi nary I { th
aspoct ol s tsne SRHEEREIES of) B Sl AEER TSR L BLpblFY |

cal cul at folﬁtgartﬂ ﬁfemr\dluaﬂdlemﬂ\ﬂéf peeforntihg revarse metit caculdtions dlemg @rsadond stage out put

-calculat ntod ermne bin tates of received signals ri sing:
means fof® gwg wﬁﬁbﬂagﬁeﬂmﬁ%@ég HHRE f FEoRLHFENR LB ewct%‘igq"ﬁ
wher ei N QD&sHAHP vallies BV @S RtcIRhidgOhE losidl ab,0RSnR realid @dﬂvﬁ{i%@u{dﬁ a first

stage foll owed by a second group of reverse netric cal culations being
cal cul at eadvep of all%ﬁrémwpsquagfelocaﬁwn@ sdfiomenyory forrige wile heggverspmetriswalugse nmetri c

cal cul at| ?cu?ateg :[:31‘11‘119 rﬁzu d)lnd stg f;%e%:lfg f%t’c% u%%ug_% go &ettermme li)%%% s&%f: Bp Gid GVerse

metric valUgs ¢ ared durs use in the
“out put - cat&wdaidnale; andeaags ff@rstqmag fegleuTatiogs bhenid edcomt grotfebf fo@ward:aﬂemtl ations
after conpletion of the first stage of reverse netric cal cul atjions and

bef or e t Yadues duangng) tige dbat thyr reyaspanetiic Kalpss; e being calopatednia thestondesiat®s: f or
witing &acd, re%yheﬁo?@arfr%&ﬁccva%' &t&hﬁfe&%umfgcl{hh %gcohmtageeg%%dsmg@sanm 0 a

menory |ocatron that a reverse metric calcul ated during the first stage is
being r ebchtmmthaf oforemé memca/nlu@ualwlmedohlhugjthaﬂirsb mtagd im beiogwrdarnde uak th a

thirteenth as rese i nvent .. the e | provi ded an apparatus
FlftngedS 1epE e

f or decoﬁ‘ﬁ?ﬂm @W@@teﬂ’ e %Pocat i on whi ch incl udes

data bits. and associated parity bits and which nay be corrupted by noise
~..in the transm ssion channel, conprisi neans for calculating, during a

first time interval, a BBIETI3RSGRIFTIDN Q}gTIﬁEDW@é'@h data bit and its

~acconpanyi ng pa“%g}ets cESGRbY S A kA SPLflndRE B on; a fiTst

menory for storin reverse netric va menory for storing
each recmbv;@dnddatlﬁwbjgtﬁganaﬁj whaeincbik@mm)eirﬂgdep@ﬁatélykebiemms aelans for readi ng out
a reverse netric value fromthe first nenory for

2f




use in calculating an extrinsic value; neans for utilizing the data bit and
associated parity bits previously stored in the | ocal nen®Aprif2006
calculating a forward netric; and neans, during a second tinme interval,
for calculating a reverse netric value for data bits and associated parity
bits received during the second tinme interval arid storing each reverse

metric val W gdheid ated during the second tine. intervaerhiRedbgnory
| ocation of the first nenory in which a reverse netric value is read out

during step ., 2€ 6. April. 2006 | n accordance with a fourteenth aspect of
t he present ﬁ(ﬁz}@ntl o%’%ﬁér'&of‘esexﬁfnmfio EdmE e SHOF A% S8, COTEFAN ati ng
forward and apwehsardbbddnes required for performng calculations to

det erm ne bi narglsstat es of ,received signals, .conprising: neans_ for

perforning al88Pkt grijgye &fs 2 seeopduRrmpleod  fige Bag A @PHPS A FEOHATEHP Y i r st

stage; memor xlfgaﬁmsdréh%c@wm& B forfvhriaShd AVENPmBtcs z_ﬁr@Eéﬂ@:ﬂﬂeﬂEﬁdgi c val ues;

nmeans for performng reverse netric calculations during a second stage

f ol | owi ng sapléiing windows;age; nmeans for performing a second group of forward

metric cal culations [ gvers Lie val ues a .c ggring t he
second stage,hﬁ)ﬁrégns ]?% ?ea%iantgo'%gél?/%%a O?rélt rc Jeg% gé%wggkggﬁ i rst gr oup
out of | ocat t@rstiorardilechuldRiithe yrebent inveitionintaly réside; r ever se metric val ues

cal cul ated during said second. stage for_performng cal culajions to

det er i ne bi &Pgﬂ}l’gstatl’égurs%aléa?'ack %@W@aa@?@ﬁ%&,gb%%ao%aﬁgemﬁw storing

cal cul ati ons b1 RRhebfIRCRAG@ERAUBNRE nlchiddaledevBichismd Vval ues during a tine
that the reverse netric values are being calculated in the second stage,

wher eby eachl00d8lwar d Figure # is atimelime obthe errencenection araleftectves of heqmeserst age | s
'stored in thlevsnge | ocation that a forward nmetric val ue cal cul ated during
the first stgg% ¢ bei ng read out for use in performng calculations to
determ ne binary states of said received signals. BRI EF DESCRI PTI ON OF THE

wth the apfBAted dr aw PBFHLGR RECHEERAY A THEDRAYIRER: "Gest gnate 11 ke

el ements a”dfooié] 6 Al nlre 2018 PRBGHAAAIDR 2 Blolk 4inBan bl B Ribd 9Q&bddr Fi gure 1
is one exanple of a tine line of a prior art error correction algorithm

ar chi t ect ur ein WiGduths piptlga decoderiachitecsse ofibe Ressgniinentgn maxresiée- IInthe of a prior

art error Co;rni)glﬁlteb QAP decoder architecture of the present invention, the sliding window '

approach is modified so that processing time can be decreased. Figure 4 illustrates the

timeline accomplished by the present invention. Once the forward metrics héve been

calculated for the first window, the reverse metrics for each window are calculated

while the forward metrics for the next window are calculated. As each new forward

métric is calculated and stored into memory, the forward metric from the previous

windoﬁ.is read from memory so that the new reverse metric can be calculated. Each

forward metric is read from memory on the same clock edge that the new forward

metric is written to the same memory location. By reading and writing the forward

metrics to memory in this manner, the size of the forward metric buffer does not need

to be increased. _ ' .

[0021] Figure 3 shows a block diagram of one embodiment of a tirbo decoder

incorporating the principles and or techniqﬁcs of the present inventioﬁ_.'

[0022] The turbo decoder 10 receives data from a transmitting facility such as,
for example, a base station which converts each data bit (A1@ or A0@) into three bits,

3




al gorithm archi tecture in whi ch the forward and reverse netrics are ,
cal cul ated using sliding windows; [0016] Figure 3 is a bl6&krilB0&§r am of a
turbo decoder in which the error correction architecture of the present

“:invention may reside; [0017] Figure 3a is a block diagramof an alternative

turbo decoder wherein the calculations of the forward and reverse netri-«cs
are reverseggd, .and { 0018] Figure 4 is a tine line of the,gh gQrrection
architecture %%Qt Ple present invention. [0019] DETAI LED%&%@:{Q%@I ON OF THE

DRAWNGS , [0020] Figure 3 of the present. inventjon is a. block diagram of
. a turbo Deco&%"r“e]yiaﬁhwg?ﬁﬁ‘cf‘}"i‘@c Bﬁt%P%ﬁ%p%%BﬁQ}l?é?dI@rﬁef%Pﬁ?téb&ff(p:f)he present

i nventi on maypg etipd@ata ishpphl to Rirfifhdr @ WHNRI eGeiey extriiRtida@Géddiof Of t he
present invention, the sliding window approach is nodified so that

processi ng t ifive agKiriec mempryddelg be momfilly desqribed; bereipbalawiandan addiess | ne
acconpl i Sheo'o?%nhé‘%m findtidbve MAERL LQRer FACOMERS f&%ﬁ\@ﬁ 2 Wﬁkrihﬁﬁu)have been
calculated foF ‘t'he Tirst w ndow, t reverse nmetri¢s for each wndow are
cal cul ated witkives sritlestdres theuspll pdedatal the ekipinsit ldata appetrivg atdow 142 endcal cul at ed.

As each new forward .. ric.is cal.cul ated. and stor into nmenory, the .
. forward netrf fﬁsaw*e'ﬁﬁ%?’ﬁﬂws ta"\‘/\!loffd‘ifﬁ?tihge Eq?atgef"ﬁ%g' SPeeBIPg dM‘i hat the
new reverse aﬁtpmidatacmugﬁowa{ecwl@laﬁdns for@lpurfosd bl mdBd fullg deserib@pd from
menory on the sanme clock edge that the new forward netric is witten to

the same nenberpinpgewti on. By reading and witing the forward nmetrics to

menory in thi nner ' Lhnmaw ehiadegs not need
to be increag@&. [oozﬁésgfpéﬁdﬁéq%%“ﬁ%&gd%Y@%&rﬁﬁ?am Qf ong e?%odi ment of
. a turbo decogdgfis firhePdidred Allb&mkmery@0l nci pl es and or techni ques of the
present invention. [0022] The turbo decoder 10 receives data froma

_ transmittingl03g] | i t yAsigennvestional intuibg desspiess, theqguantitiesaalpha ). wef €h converts
S2ch 7. bl AR 1 DB S R SN0
~and a secondthpaddfings th tprdtpliity thatthbe sglepB atl dtatistate aathpl specific bma stepgi st er 12
whi ch al so rﬁ?p‘?lia\llse erigéltrtr:éu?s?\i'e?y sqaa}%ir?g fl;c?n? gmgklil and moving forward in time. The
value is similart¢ but works backwards in time. Gamma()is de_ﬁned as the transition
probability that the coder will move from state at a given time to some allowed state at
the next subsequent time increment. Alpha () can be calculated for all states in a trellis
based on the state transition probabilitics represented by gamma (). The gamma ()
calculation performed at stage 18 is stored in register 22. Calculation stages 24 and 26
respectively calculate each alpha and normalize the alpha calculations. Each alpha ()
value is calculated based on the input from register 22 as well as the previously
calculated alpha value provided at input 24b and outputted from calculation stage 26
through multiplexer 28 and register 30, which holds eight (8) calculated values. The
output of register 30 is coupled to the input of alpha memory 32 which stores the first
calculated alpha value at the first rﬁeniory location 23a and also provides the calculated
alpha value to input 24b. v
{0025] In order to initialize the calculation and, starting at the initial stétc, the

initial eight (8) alpha metrics are set to some initial value, which is applied at the

initiatized input 28a of multiplexer 28 in order to enable the calculation stages 24 and




froman extrinsic menory 14, to be nore fully described, hereinbel ow, and
an address obtained frominterl eave address register 16. &Apor3006eqgi ster
12-thus initially receives and stores the splp2 data, the extrinsic data
appearing at line 14a and an address at which the extrinsic data is
l.ocated, at line 16a. The address acconpani es the splp2 data throughout

t he cal cul gt.i or a purpose to be nore fully descrl her i nbel ow.
[ 0023] The‘gép?[};"%ata is transferred from regl ster ng&g. :(3 cal cul at or

18 and is further stored in | ocal menor 4 As is conventional in
turbo decodei®sto caisplate e cighti(B) vadues &rﬁip&aQASb’@tsane@)wneaﬁaw&a% g are

~ defined. Forg pPpSRELE bibfed 31 REA rtdnespeci fic tine step, has a value that
defines the probabl lity that the coder is at that state at that specific

time step. [M%ﬁﬂla i slrd@afll}’v@tbfﬂ@@lwh@rakm gre calautatednyhdreupnm the brta veites and novi ng
forward in ti caicu-lrte% bytuﬁi ioh of spl dat:li BQE ?a‘c'i‘? §%rpe o(i"{fw?ro%sl i tine.

Gamma 0 is d&fined PRASTT e co er wll nove

fromstate aﬁena)rglzue(ne 1 Am-inpﬁﬁsorm oi&ldr@)ﬂﬁl oﬁdeﬁil@pa‘fonntthec:ﬂﬁﬂénoﬁubs equent
time increment. can be calcul ated for all st éaes in a trellis

based on t hdetirsg g’ff'ie&ﬁ%‘ﬂaif‘éﬁrfe%%‘&{m‘i‘%@é@‘? pribeip i (). The
gama ()  Cc3bGindhb rzo@se;re&pammég&&r ﬁt@ﬂeh é&tdm% rﬁ;ﬁ&{l?ﬂﬁe kﬁlﬁﬁ Qth, %er 22.

Cal cul ation stages 24 and respectl vely cal cul ate each al pha and

normal i ze t Ke extpsic Eﬂi‘ll%(}ﬂmh wribe initind |stage ppraation is Phlagevell s ¢l dald at ed based
on the | nput fés%?tmg e %E%ﬁxgzlgca?ﬁn Wewhuf‘l?ﬁwa hfeal%;t& 19‘4?][1%( locaqgci 1tnlﬂlx at ed al pha

~val ue provi ded TYomcar I on e

t hr ough nul reminaxezﬁenﬂx&r andTheguﬁneﬁ eﬂﬁnsm/ﬂatshnmgd&iml@hﬁ af ga)nrﬁaal cul at ed
val ues. The output of ister 30 is coupled to the input of alpha nmenory
32 which st &?léglatmest?raeri*ét g"’&é’l“ﬂ’m af b8 zampr s2lgulption siage36ds prplied thenory

| ocation 233,204 r&ifQs P AMi4dethd e c’éféhlﬁ%:ﬁ%n%%sp@étﬂ% Yiddried bPpeiIput  24b.
[0025] In order to initialize the calculation and Fartl ng at the initial

state, the chlnplation sw@pgﬁtanq @ytaappwazammstags%rleﬁ@&x, atsprisooneitiompk i al  val ue,
which is appl

to enabl e thénag’}j Lf a@ 1%& gbls é’j Pﬁﬁﬂé’% ch ‘{2 % %%?fgtf 83|7890rder
PCT/ US0211 1 G&ldul2font i 1m:taalli§z lab[ﬂied td E)@r:xﬁlcghlue(cBl):uMﬂbMe SothradghloatputAs was .
menti oned h%g?slterll%? mh ﬁjﬂqlel' applies the last calculated input to input 42b of multiplexer

42. Extrinsic value calculator stage 50 calculates an extrinsic value for each time state

k by looking at the alpha value for register 52 received at input 58, the gafnma value

from register 38 received at input 50b and the beta output from register 48 received at

input 50c. Registers 48, 52 and 38 are provided to assure time registration of the

signals at the extrinsic value calculator stage 50.

[0027] - The intermediate value calculated by first value extrinsic calculator stage

50 is applied to register 54 which transfers its contents to the second stage 56 of the

extrinsic value calculator.

[0028] As was mentioned hereinabove, register 34 transfers its contents to

register 58 which in turn transfers its contents to register 60, the contents of register 60 .

being subtracted from the extrinsic value appearing at the output of the second

extrinsic value calculation stage 56, this subtraction stage being performed at the

subtraction circuit 62.




Spl'p2 data is stored in local nmenory 20. [0026] Initially, all ofthe al pha
‘val ues are cal cul at ed, whereupon the beta values are cal c@PaticP0py
utilization of the splp2 data which read in reverse order from| ocal
menmory 20 (i.e., Alast-in, first-out order@ in order to performthe
calculations required for the backwards recursive fornula for beta. As-‘the

spl p2 dat awgasizs@ad in local nmenory 20 is read into pegyshBicsd. Which
contains not only the splp2 data, but the extrinsic value (which in the

initial stag ratign is. as wel |- as 1hg . r nting the menory
| ocation in @r{#@ﬁ theﬂfhler‘i"lx ‘?‘,“%]\' vl ?tftarlué‘?dca?\sltﬁéeu% '?grcrgf %agﬁﬁ%ﬁﬁﬁesgh é'g’t rinsic
menory 14. Thadspl (SHON ceeditty 64 compiised ofl ackigy svil detdnamingncigbit ganma

cal cul ation stage 36. The output of the gamma c | ation stage 36 is
applied to WamhiHs ﬁt?@i“é’t“é’fé“ﬁg"u%&i‘s‘&é?'c"\*g‘&"tﬁ?ﬁ%@tg’il‘{'éBP"J?‘POBH °'gﬁ”é‘

respecti vel ygPRrdratBenibss WAlR setdatiCivlofdalep Berfil RGSntbwand beta normali zation
stage 46. Initially, a start condition of binary one (A1@ is applied to

i nput 42a of (0839} i pl eRediffepenca petpuist diffierepesicitshit §2 isappliadi taressterio initially
applied to exirinsi I | at.].QF t put.,..f egi ster 48"
whi ch further lglﬂ)a ﬂlhgg%ﬁtg ﬁ%{ﬁrsgﬁaq%acﬁ%lﬁlﬁg%@é%?tﬁﬁgggm%lgaﬁgﬁg%% p4}’2%&0 asrrul tipl exer
42. EXtri nsi menthedhaahabolqlaal ménnge 26,0n additan tasesngthe éxth rparigi andval ue f or
“each tinme state _k l.ooki n t the al pha ,valye faqr register recei ved

ot T nput 58, Ssiyaife AT A et anSt st trs el POIGRECTOR G S0b ang
the beta out gt oddrbeRgisitREsiil ERPRIVIBAHUBE memdpH tegh®s 34RaM flers 48, 52
and 38 are provided to assure tine registration_ of the signals at the
extrinsic valynehrorizipgregisisrs 19t Bpnd3d to providethe fusatiqnip extriasy meworydhue
cal cul ated by, first...val: | ASL.C: C gﬁgg [ lied to

regi ster. 54 %ﬁr%:R‘%te}r“\é'ﬁ%ygarhgg(%azcgﬂ%ﬁ gn ess%rg&’tq{?eésecolr%ig}{' é%‘é%giégof t he
extrinsi c vadpphedtaleguingit memofyd@28}4cAs was mnenti oned herei nabove, register
34 transfers_i contents to. register 58 ich in turn tragnsfers its
contents to_@@@\ ster Aéd’,vastsffe&'ﬁlbh‘iq%‘mt?"%?"“"\é\%?r%?c&m%’6“‘5’&3‘?\ %t acted from
the extrinsigowabUgifp R 341k RS for BemHihiRg hiphf ard PefobR&Rging B lirdtnsi ¢ val ue
cal cul ation stage 56, this subtraction stage being perforned at the
subtracti on @newindewd2: 6 April 2006 WO 03/023709 PCT/ 1JS02/ 11664 [0029]

The extri nsi goyAl ue QalclRGiforthe Adnétfcs (b Bhiiikd ARG Eak haft SOT -1 1-

(k/2) of the first window. Alpha values are read out from alpha memory 32 in the

reverse order from which they are stored. The alpha values calculated durin g the
forward metric for window 2 (see Figure 4), are simultaneously stored into the memory
location from which the alpha values calculated during window 1 are read out for
purposes of calculating the extrinsic value, thereby reducing the memory capacity by
one half, in the embodiment of Figure 3. It should be noted that the newly calculated
alpha values are stored in reverse order from those calculated during the first window.
[0033] In each subsequent pair of window calculations, the number of
calculations performed being a function of the number of desired iterations. for
calculating the extrinsic value, the order of read out and write in of alpha values in
alpha memory 32 is reversed so that, as previously calculated alpha values are read out
stored in the order of last memory location to first, the alpha values are read out in the

reverse order from first memory location to last and the alpha values determined in the




hard-out (SIHO circuitry 64 conprised of a binary state determning .
circuit 64 receiving the output of second extrinsic cal cub#®prib006t age 56.
The operation of circuit 66 in SIHO circuit 64 will be set forth in
"greater detail hereinbelow [0030] The difference output at difference
circuit 62 is applied to register 68 which applies the extrinsic val ue

cal cul at i ofyotgansder i NSi ¢ nmenory 14 at 14b. As was nentpicemest gl ei nabove,

| ocal menmory 20, in addition to storing the data, parity and extrinsic

val ues, f“”{aﬁhmﬁ&ggﬁés&&ﬁa ifebdtiSh fo%k'fdrwéﬂdﬁm%ﬁ,'ﬁé@vég@s’c%&ﬁla{é aihk! NSi ¢
menory 14, I'S address being successively coupled through menory register
34 and tinme arsyaadhrtomhoze kgativegirehevhichAlpha ¥auarad: teingreadonovi de t he | ocati on

in extrinsic ry 14 where.t extrinsic value calculatjon is to be
stored, the WEAITY"| SSavrofctited restiora e dn SETRE s PE Mshory 14 a
14c. [0031] Afcund, SElupbdihé ForliR¢tRh0ARE iRt MetBtidneihay Rimeic VaAud Beeaaxanmpl e
shown in Figure 2, half of the calculations for_ determ ning al pha are

performed dututrfextsiesiormenary 1f parbiswpeddiving the calpweripns ofthe aent desation-of t he
reverse met rt&ﬁexﬁioﬁsﬁo&?&lw& ngnbk?ub\%lf&r?ﬁ béas bf fibficity( detethin@l wghe first
dut Hﬁ 32N the

wi ndow. Al pha values are rea rom al pha nmenory reverse

- order from whindlar ¢fhieyatiamsgo b¢ peréeaimedrhe al pha val ues cal cul ated during the

forward netrj or wi,ndow,2 (s Fiqure 4), are sinmultaneously stored into
the memory  IHICT on AR aNISHIE BEFBAE AL PR SAPE S FREBUH F ng i ndow |
are read oUtaphRéd to RHERPH 66 which akihaiviliethet e daX bitlif S AT@VGrI AL by her eby
reduci ng the nmenory capacity by one half, in the enbodinent of Figure 3.

It shoul d bee*awining isragrplingde andwrhgn abgve @|ctain threghold ds dessrmingd 49 Be 8t ored i n
d L0g : ' j -4[.0033] |
reverse or %r@%ﬁmﬁéﬁ%gﬁvwm%%g@vﬁ @&%@m{i’%&r@ﬂnlkéﬁ%ﬁé d ﬁ?@v\‘[ﬁ?gﬁbxm ] In

each subseque pair o ulations, the nunBer o calcul ati ons
per for med beiahg isapplirtad registeo76 andes merpdsigpgetifer etk the extringieyadtie noawsory or
calculating the extrinsic value,. the grder of read .Qut.and i.t.e in of

i bha val uadoffior Sed TSRS 10 SpRla e nfes SRALDY RSP AR

cal cul ated alpia itidlaigematy @41 e WO cirShify @4 virflest dach Bit 46 aGhemhdst NENODrY

| ocation to first, the al pha values are read out in the reverse order from

first menoryosagenin yhich saghasa intp biewidepnkheaerge sirgidt BritPkae 18 the 6
April 2006 W@gﬁ@%%?é?&ﬁs&’ R AAES feathdpiiRg Lot aid B8s BEGRRNNE e ation for

the forward new val ues cal cufated "at 24/26
binary bits of each memory location by storing 16 data bits evaluated by the binary

state determining circuit 66.
[0036] Although the embodiment shown in Figure 3 teaches an implementation
in which alpha is calculated during the first window and beta is calculated during the
latter portion of the first window, it should be understood that the alpha and beta
calculations may be reversed, as shown in Figure 5, while still deriving all the benefits
of the embodiment shown in Fi gure 1, namely the significantly reduction in calculation
time as well as a 50% reduction in the memory requirements for the turbo decoder of
Figure 3 as compared with present day techniques and apparatus. The architecture of
the present invention enables further reductions in memory size. For example, the data
fnay be processed using three (3) windows, four (4) windows, etc, which provide
further reductions in memory size. For example, using four (4) windows resufts in a
- memory size that is 3 the memory size compared to processing where no windowing is

employed.




are read in to those |ocations fromwhich al pha values are being read out.
[ 0034] As was descri bed herei nabove, when an extrinsic val Géphb206een
calculated, i.e., upon the conpletion of the first interration, this
extrinsic value is read out of extrinsic nmenory 14 and is used during the
cal cul ations of the next iteration. Conventional control circuitry, not
shown for pus@asess of sinplicity, determ nes the nunbescliseigdgati ons to
be performed. [0035] As was described hereinabove, as each extrinsic value
is determ ne is I t 66 W C whether t he
data bit is ?&Zb F A%ﬂgxg%&%feg%}.f Yhe 't u%lﬂﬁ;lgwgla aebove a
certain thre$brtﬁ¢rd1cd$ftﬂetiaa Mcmedlvttiai bm o %@mdNeﬂimnn@ﬁlcmtzea)ml&rtal n
threshold is determ ned to

t ab |.ue i lied t
ireshol d | s See RS, 49 Beud AR Il ERLOPBRF e S bR P o0 1O

| ocation, dekingo detoudr nC@isek@hipld & posbriaal o KQsBppated & 2 RUh tthe78 The,
out put b|t is, witten into a nmenory 84. The SIHO circuitry 64 wites each

bit into a némplaplidingwindewarchiectis. éwteeab%nbewdpgedbscltﬁlg@gmedend%e ner ge
| _
circuit multipl axGher (PwindWs Lﬁ&kﬁ‘%ﬁﬁﬁgmfﬁ E#%thggy?h%% Rk Fﬂﬁ%‘étsy read

regi ster 82 opérate so as t6 uti nary |ts menory
| ocati on by stiterprovgsséd data bits eval uated by the binary state determ ni ng

circuit 66. 6] Al h,th nt,.shown in, Fi aches an

i npl enent at i E)O??%]i @W é’g‘?vé’rg)%ﬁ” %fle[TC‘H[?rw??djefﬂ‘gpeldef? dow and
beta is cal Cuéc%&dallﬂwdvﬂﬂn&m@odeé 3drl &6 R VIAP @acaibr. t TR Ediduldtionlondw, it

shoul d be understood_that the al pha and beta cal cul ations nmay be reversed,

as shown in forywdanetrics\gay|be caleplpted fefpre\ar alierdhe reperee welpes-i The revsarser he
embodi ment SH@MS édﬁlcﬁk%‘ﬁﬁtﬂatld ﬁﬁ@m t){e oﬁ’«ag@fng becglﬁfw&it\blﬂ

calculation tine as as a B0% reduction |nt e nmenory reqwrerrents for
t he turbo dethedatpubfalcytitigus ere&aeefemrtdrrp’ﬁnedarmbet hccpmphsbed aslshowne ¢émi ques and

apparatus. The a e es i nventio napl.es .further
et ons 1 Bl PY U o o EifEF i MEHEn AR GrEg ot oty S adebed usi ng

- three (3) W &sor; ctawurauéxflazocmzzqkw&mﬂhﬁahzmvne&cmmmﬁmk mhedloyst reductions
' in nenory- si ze. FOI’ exanp usi ngﬁ%‘our w ndows results In.a nenory

- size that i s’Sﬁthﬁé‘cﬁ’é’beF%JC‘ﬂ‘ftE’@b@G lr’éﬂ“%l aselseladen bleck ghd cdcyldioni ndowi ng i s
enpl oyed. 6 QR 46120061 nBAIA22i60 Ll PRk 11664

{0039] - The operation ofthe embodiment of Figure 3a is otherwise substantially

the same as the embodiment of Figure 3.
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[0037] Figure 4 also illustrates how the pipeline cal cul ati ons woul d be
performed if the data were divided into two wi ndows. Negl e6thiprig20d6e si ze of
the Iearning windows and nunber of tail bits, the latency through the
pi peline sliding w ndow decoder in this exanple is proportional to 1 2 K
as opposed to 2 Kin the sinple sliding window architecture. Latency can
be reducedwawsehangi ng the wi ndow size, nunber of w ngewsse2aids | ear ni ng
size according to the anount of data that needs to be processed. [0038]
Al though the above-described architgghpye Was devel oped for a turbo
decoder, all convolution codes can use an MAP decoder. The cal cul ati on of
t he forwar dWimtis tlesneddy be cal cul ated before or after the reverse netrics.
The reverse netrics could rga?éuful ated first, “and then the rwar d

I

metrics can be cal culhfEodAp B8 Sorvath AdateRgirea S FaPEed B or med.

This can be pgfafiakiashathud SalsRI, tofdfermiBd BIRNE statdy of FReieDGighareNt Of
Figure 3a wherein calculation block 241 is a,beta calculator; calculation

bl ock 24 is eempEsiREHSSRT #zati on cal cul ation block, menory 321 is a beta
emory; cal cul atign Bedtioidie fofwadimekipBAchalhthflé AfkblaBkiaflcal cul ation
al pha [

bl ock 461 is an normal | zat1 on cal cul at1i on bl ock. [ 0039 e operation
of tthe enbodi grew ofghe forgand me@m crisulatidne asicaleulatad 8t aofirst stdgk Joliowed bgane as the -

enbodi nent of Fi,gure 8 til, 2006 113/ Q023709 PCT/US02/ 11664 CLAI M5
What is cl ai %?@%i“’i%é‘.’“f’f?f°&"?f§f@§b° CFBP'RH%{PX’\E?PEP??% &%‘P\ﬁﬁ?’ﬁ’“‘éﬁ E%everse netrics
required for pe()or MaggaRe GHWBAL mEELS bdiafldian dirihgdBt GTrsi spebirslar y st ates

of received signals, conprising the steps of: (a) Perfor_n‘i ng the forward
netric cal cUPERIYAY Wwhwithesverseagade valpes teparfogm theaptput ealaabons t he f or war d

et i c cal cul ati 095 i Blerdreicubiliith BURIE:chOLAAYRI A2 _Second

group of forward IC ca ati1ons being ulated i a secofd st age;
(b) readi ng thhirstsagaard nmetrics cal culated during the first stage from

Tenory TOr use Wi | eXel 5% Mk RS Rt h R LR SR
calculations are being performed, '
(e)  storing each of the forward metric calculations performed in the first
stage; and
(f)  writing each forward metric calculated during the second stage into a

memory location that a forward metric calculated during the first stage is being read

out for use in an output calculation.

2. The method of claim 1 further comprising the step of performing output
calculations utilizing the forward metrics calculated in the first stage and the reverse

metrics calculated in the second stage.

3. The method of claim 1 wherein steps (e) and (f) are performed

employing a common clock edge of a clock signal.

4. The method of claim 2 further comprising performing reverse metrics in
a third stage following said second stage for use with the forward metrics calculated in

the second stage for performing output calculations utilizing the forward metrics

9




(c) performng the reverse netric calculations in the second stage,
following the first stage; (d) performng the second hal f6@frif2zo0éar d
metric calculations as said reverse calculations are being perforned; (e)
storing each of the forward netric calculations perfornmed in the fiFst
stage; and (1) witing each forward metric cal cul afved during the second:

stage int qw@‘mgg.npry location that a forward netric cabgphghffkefuring the
‘first stage is ing read out for use in an output calculation. 2. The

t hod of cl f.urt h th t
(r:rgl cal afl oﬁ?%??%ﬁ?#ﬁr‘f&l r corrprl Elapcﬁl\gfﬁ%ﬁrge'g'gtf' i fg{acfg dh‘mt“ﬁgo#\“ﬁst st age

and the revepge netrics cal culated in the second stage. 3. The nethod of
claiml wherein steps (e) and (f) are performed enploying a common cl ock
edge of a clock signal. 4. The nethod of claim2 further conprising

performing reverse MlhLES foflecBaihfh fthsiaMR dclbPR g aRisloragAnd stage

for use with the forward netrics calculated in the second stage for
per f or m ng Mtnqhmduadscdalaamtsamasammﬁtpargy bitssanfl ayhiedy maynes eanmpted bapri | 2006
WO 03/ 023709 PCT/ hJSOZ/ 11654 uI at ed. stJl{ the second stage and the .
reverse met PPEEILEP Eiﬂsalesé&?"& ﬁgCWé'sF‘ﬁ ecf“%f%ge 5. A nethod for decoding

a transm ssion r@ygei ¥ehidingusing & Rt Smk fftdbdlQrforvald @étrit Ralhefdesactiat a bits
and associated parity bits and which may be corrupted by noise in the

transni ssi oda@RiARdt a%@ﬁ%ﬂ%rﬂ@"‘ﬁ’ﬁ’ésﬁc@ﬁ%d fggm a fransmissioplecatioig, during a
first time interggl . q goé'a\f\@fgwé?gtrrgéh‘fc%ﬂlquahgfm@ﬁ&t} data bit and its
y

acconpanyi ng par | ts recelve roma transm ssi on |location; (b) storing
each forward net(c) c stafingeacinregeived data hnsnmgccon(w)lylsgmntm@ltemloiﬁécel ved data
bit .and acconpanyi arlt 'ts in a local nenory as they are received,
(d) readi ng"{?l'}l r%asfr}g?vﬁ?ﬁc%ﬁ ic value fromthe first nenory during a

(d) reading out a forward metric value from the first memory during a

second time interval for calculatmg an extrinsic value;
(e) utilizing the data bit and associated parity bits previously stored in
memory for calculating a reverse metric value during said second time interval; and
(f)  during said second time interval, calculating a forward metric value for
data bits and associated parity bits received during the second time interval and storing
each forward metric value calculated during the second time interval ina memory:

location from which a forward metric value is read out during step (d).

6. The method of claim 5 wherein the data bit and associated parity bits
read into the local memory during step (c) are read out of the focal memory in reverse.

order for use in calculating the reverse metrics.
7. The method of claim 5 wherein the calculated forward metric values are

read out of memory in reverse of the order in which the forward metric values are read

~ into memory for use in calculating the extrinsic value.

- 10.




second tinme interval for calculating an extrinsic value; , (e) utilizing
the data bit and associated parity bits previously stored 6Aprild®6ry for
calculating a reverse netric value during said second tinme interval; and (U
during said second tine interval, calculating a forward netric value for-
data bits and associated parity bits received during the second tine

interval 3apgesd:9%éNg each forward netric val ue cal cul peRgsesletNg t he
second time interval in a nmenory |ocation fromwhich a forward netric

value is read o dury ] letel ' ein the
data bit and assL,gc')ci a e%%%éf&f‘%?ﬁé?;éggw{@:otﬁg&?lgi:sg%ﬂ&rrfgrrlrﬂoyﬁgg during step
(c) are reagamiia calulation drosaid dawebinand dssociatadepasity bisrpdier tof @lculagrg 2 n

cal cul ating the revers trics,.7...The nmethod of claim5 wherein the

cal cul at ed F@ﬂﬂﬁi'ﬂetﬁ%fﬁ?ggqgﬁﬁﬂgﬁﬁgmeF’é‘“‘é&al'out of menory in reverse of the
order in which the forward netric values are read into nenory for use in
calculating the extrinsic value. 10 6 April 2006 W) 113/023709 .

PCT/ US02/ 11664 &. Théhamethestpishim § firthersompasiag srlfalins FpitiRl GX¥IRES conpri ses
perf orm N9 a0 RIEPoE 26 Blvfimie Ihe!a fERArOlte AlA: A80ARNARRE PATT LY DIts
prior to calculating a torward netric vdlue during salrd first tine

i nterval . 9datiibi assetibted paftybitaim 5 further conprising calculating an
initial. extrinsic value based on a given forward nmetric value, a given
reverse netric value and a given data bit associated parity bit. 10. The
met hod of cl ai m@ WhekLhRihb@&f RKkrh i9N%hdieid ahd! Extlifisi® VAILEE dtdredlin aeXtrinsic
menory. 11. The nmethod of claim9 wherein the step of storing the extrinsic
val ue incl ga8siemempPYg the intrinsic value in a nenory |ocation |inked
with the data bit wutilized to calculate the extrinsic value being stored.
12. The method of claim 10 further conprising the step of extracting the
data bit and asidoci Hleedethad off ofailni % wherein thet skep df osing thereairpsic salde per f or mi ng

a gamma cal el AT OBidy mt Hifal Sahd fn SHEmBS REARL FRKBAMA thealSwif U7 N9 the

utilized to calculate the extrinsic value being stored.

12.  The method of claim 19 further comprising the step of extracting the data
bit and associated parity bits from the local memory; and
performing a gamma calculation on the data bit and associated parity bits during the

second time interval for use in the extrinsic value calculation.

13.  The method of claim [2 further comprising subtracting a data bit and
associated parity bits read out of the local memory during the second time interval

from the initial extrinsic value to obtain a final extrinsic value.

14.  The method of claim 12 further comprising determining a binary state of
the output data of the extrinsic value calculator to make a hard decision regarding the
binary state; and

storing the hard decision output in a memory.

M




second tinme interval for use in the extrinsic value calculation. 13. The
met hod of claim 12 further conprising subtracting a data bé®AparD06
associated parity bits read out of the |ocal nenory during the second tine
interval fromthe initial extrinsic value to obtain a final extrinsic

val ue. 14. The nethod of claim 12 further conprising determning a binary
state of waesmstput data of the extrinsic val ue cal cubetrosezimeirake a hard
decision regarding the binary state; and storing the hard deci si on out put

ina menmory. 11 5 ADR ne®B@Gor/§pePiind 23 difh BEhudiSRe4ivins @hialins Aciret hod for

operating a turbo decoder receiving data bits each acconpani ed by

associ at ed. pesamppnisd by asseriatothpacity bitsyang avhichrmaydecgrruptednsemprising thée st eps
of : (a) perfagrmng forward netric calculations in two successive tine
intervals WHBI&in one group of forward netric cal cul ations are cal cul at ed
ina first time (aptepatRiminglfdrov@idnddyc alcaRdomdn twosacdessihwetivelinterfdly st ori ng

each ofthe forward metri @Hcal cul ati ons perfoHIE(il g‘iui ?gﬁfthe' first

i nterval ; (&Perearpnespurationyasy Ratrig calenlations grg Faleriated 1R A i BYC WFY3hg the first
tinme interYglowed®yalBBRd ¥mt fiertiie together with a reverse netric value in
calculating an exitrinsic value; (d) performng reverse netric

cal cul ations, dub) ngsterineegeaihg forvatd matnicoalpalationg perfosmedguripgtpfiest i on of the
forward net riﬂ'tg %al cul ations perforned during the first time interval; and

(e) writing each’ forward netric val ue cal cul ated duri ng the second tine

interval into a (gendreydihgeadn foAvdrd eiemidivalic aaléwlited daimethe ifistviizhele
cal cul at ed (;Iuringf the first time interval is read out %icgsrmr%/. 16. A
rir WaHER Y ed

turbo decodtervghirammenpRiprite fagethar Wit VPSS BFES VARE 1 for
perform ng auedlicvdiati on to determne binary states of received signals
conprising the steps of: , . o
(d)  performing reverse metric calculations, during the second time interval
and after completion of the forward metric calculations performed during the first time
interval; and _
(e) writing each forward metric value calculated during the second time
interval into a memory location from which a forward metric value calculated during

the first time interval is read out of memory.

16. A turbo decoder for calculating forward and reverse metrics required for
performing a calculation to determine binary states of received signals comprising the
steps of:

(a) generatinga mcniory location in an extrinsic memory;

(®) receiving signals comprising data bits and associated parity bits
which may be corrupted by noise or the like;

(c) storing the data bit, associated parity bits, a memory location and
a starting extrinsic value; ‘

_ (d) calculating a first set of forward metric values based on said data
bit, associated parity bits and starting extyinsic value;

{e) storing the forward metric value calculated into a forward metric

memory;

12




(a) generating a nenory location in an extrinsic nenory; (b) receiving.
signals conprising data bits and associated parity bits WwAiAphl 2606 be
corrupted by noise or the like; (c) storing the data bit, associated parity
bits, a menory location and a starting extrinsic value; (d) calculating a
first set of forward netric values based on saididata bit, associated

parity bitwoanshsgbarting extrinsic value; (e) storing pheukRhweyid netric
value calculated into a forward netric nenory; 12 6 April 2006 WO

031023709 PCT/ Usﬁz/eljr%ggétl&g )cahrnﬂ?tg& Dl Sl Cobhat 6 f er S‘terl c val ue

frommenory for er w a reverse netric va n calcul ation of
an extrinsi ctoyahalevith@gyveesrpeaic valnes eganldtion oBar(&x)rufstyrvalue;l cul ating a second

set of forward tric lues e reverse netric values are being
cal cul ated; and f rﬁ Wésﬁﬁ% éﬁc)t ecaké%'ﬂ%a?&?m{o%ﬂ?fﬁ%@ netric val ues
in a memory rhétﬁé%l@é}d@hb%rh@r&e%tmeem beinghlbditedyard of the first set of
forward netric values is read out for use in calculation of a reverse

netric val ue. 17(h)Thé‘°ﬁE£%B%‘I"%‘f%!“?ﬁﬂﬁffpmﬂﬁ‘ﬁmédﬁlﬁﬁ 18gng: reading the
forward met %&n&’@?d&?&m .u,g@zmr e,mwmép(s,{es&n@rfﬁiﬁgemmmmn%& they were

read into nenory for ca u atron of reverse netric val ues ur bo
decoder for wahiegisireddangfof sseimcaculaioniof s reverse madicvaluer se (p) netrics
“required for performng a calculation to determ ne binary states of
received signals conprising the steps of: (a) receiving signals conprising

data bits each hgvi nghameded af @AmP@tikher Borhgrisingyhi ch signal s may be
corrupted by noi se or the like; (b) generating a nenory |ocation in an

extrinsic nmenor yrerdpe de frvayg metric vakies PRl mepan{iB reverss 0@9@&%&*1& first data
bi t, associ %éﬁ&/&%&ﬁ% %’n;c?ﬁm&nﬁorymkﬁlah@:?@ftrk%?sc%@vahﬁg.art ing extrinsic

value in a f
18. A turbo decoder for calculating forward metrics (o) and reverse (B)
-metrics required for performing a calculation to determine binary states of received
signalls comprising the steps of:
(a)  receivingsignals comprising data bits each having associated parity bits,
which signals may be corrupted by noise or the like;
(b)  generating 2 memory location in an extrinsic memory for storing an
extrinsic value; _
(¢) storing a first data bit, associated parity bits, memory location and a
starting extrinsic value in a first mmemory;
| (d) calculatinga first forward metric value based on said data bit, associated
parity bits and starting extrinsic value;
(e) storing the forward metric value calculated in a forward metric memory;
® | reading the calculated forward metric value from the forward metric
memory for use together with a reverse metric in calculating an extrinsic value;
(g) employing steps (a) B (c) for calculating a first forward metric value of a
second set of forward metric values while the reverse rhetric value is being calculated;
and

(h)  storing the first forward metric value of the second set of

13




(d) calculating a first forward netric value based on said data bit,
associated parity bits and starting extrinsic value; (e) 6prii2096t he
forward netric value calculated in a forward netric nenory; (f) reading
the cal cul ated forward netric value fromthe forward nmetric nenory-for use
together with a reverse netric in calculating an extrinsic value; (g) -

enpl oyi ng wbagsst@) B (c) for calculating a first forwecdus®hide val ue of a
second set of forward nmetric values while the reverse netric value is being

| cul at ed; . F i h d
ot “of 15 5 BEPBSR O s Pyl ) M e et

val ues in t hef fopwasd metrio v3ludsisecad out fersisoimnaalcnlatign oflan oxieingié valie first set  of
forward netric values is read out for use in calculation of an extrinsic
val ue. 19. A turbo decoder for calculating forward and reverse netrics

required for pendor rmmgmaiecoﬂleﬂu}@tdunﬂngmnmafdrrhuae;ebien&mq&teatf@s of
received signals conprising:  an extrinsic nmenory flrst means for

gener ati ng aqu@ﬂmngalcei@dﬂoaﬁoﬂﬂcw@mﬁfﬁq{fﬁiéﬁﬁ??g“a SO Beans for

recei vi ng signal g,&rﬁgw,ﬁérgg?,data bits each having associated parity bits
whi ch may be cor?upte noise or the like; third nmeans for storing the

data bit, associ étsemcqmrfwrtg;ndlattrg aawmnmnlmatyonllmtbatemnm mewant h neans for
cal culating a firsl sel, of f.oLVaLd IR Lty rfih Sy RARA DA Afhiea’al 2 P

associ at ed parit §*BY FInsi c fifth means

for storing ﬁdaﬁyﬁugrwmdna'yﬂierdoﬁu,ﬁaﬂwﬂoas‘eadukmm forward netric nenory;
sixth neans for reading the calculated forward, rrﬁﬁrlc fromsaid forward

metric menory f 8irdasans ferstpringdhe dafaldy, agsociated parity Rits and aemopy lacatiely| at i ng an
extrinsic val ue; fou?tﬁ'nga&s'ffnséal V\Eﬁﬁé’&‘ﬁrs@&@oi‘t’@h‘a@d HBRRSa0& takddnisid a second

set of forward netric val ues '@ the reverse nmetric val ues are being
cal cul at ed; @tmblsawdclétﬁdmdmmbamsd ampitiabisergnsreamnsic luest ori ng one of the

o ol o R pipan R Sl the Fbbd héifc BANRBPIPE Yol B IAR ©F he

forward netric
. memory,

sixth means for reading the calculated forward metric from said forward metric
memory for use, together with a reverse metric, in calculating an-extrinsic value;

said first, second and third means calculating a second set of forward metric
values while the reverse metric values are being calculated; and '

said fifth means including means for storing one of the second set o_f forward
metric values in the same memory location of the forward metric memory as one in
which one of the first set of forward metric values is read out for use in calculation of

an extrinsic value.

20. A storing technique for use in a turbo decoder for calculating forward
and reverse metrics required for performing a calculation to determine binary states of
received signals comprising the steps of:

(a) . storing a first group of forward metric values in said memory ina given
order;

(b) reading out stored metric values in an order of last calculated to first

calculated; and
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whi ch one of the first set of forward netric values is read out for use in
calculation of an extrinsic value. 20. A storing techniquéApdr2006e in a
turbo decoder for calculating forward and reverse netrics required for
performng a calculation to determne binary states of received signals
conprising the steps of (a) storing a first group of forward netric val ues

in said mag@bdnbie a given order; (b) reading out storesm@biigssval ues in an
order of last calculated to first calculated; and 14 6 April 2006 WO

03/ 023709 PCT/ UQ2/ 1 (,c Of.| folale BT eTrTo RN chigp e TANI:Toe M I g i
values in a gi V::@?még'?‘}% am%é@éib%blgg?ﬁogtgﬁca cul at egl %&@g\r@@&nﬁt ric val ue
of sai d secostdrely alfjpsticalcalbtod Gatward neetricnenierof shid cedond grofip enstawkd o t he | ast

cal cul ated netric, val ue of i eco roup. i s, read out. 21. .The storing
t echni que ofM&ELY [caign P’t‘ﬁéa’ ‘g%%ﬁ‘r?@ﬁﬂ‘g@ “}’E%"é’ﬁ\"&f’fﬁgj S BIRES et ri ¢
val ue based;gduhe forward netric value read out of nenory. 22. Apparatus

for use in a turbo decoder for calculating forward and reverse netrics
required for performng a calculation to determ ne binary states of

received si gnalﬁ.CO"Y‘PJJt&in@%h@géé&if%faiﬂﬂfrﬂﬁcnjé?)'fnpﬁ&iﬁé:i ng a data bit and

associated parity bits; a“for metric nenory; nmeans for calculating a .
first group catulitimgvarestememeirc vahik besd rashd fawadaneriel stlae rdad toubinfl associ at ed
. parity bits; nmeans for storing said first group of forward metric values in
sai d menory™M9°®" gi ven order; means for reading out the first group of
stored nmetric values fromsaid nmenory in an order of |last calculated to

first calculated; nmeans for controlling said means for calculating to
cal cul ate a secdidd ghpramtesior use in a turbo decoder for calculating forward and reverse

metrics required for performing a calculation to determine binary states of received
signals comprising: |

a first memory for storing a data bit and associated parity bits;

a forward metric memory;

means for calculating a first group of forward metric values based on said data
bit and associated parity bits;

means for storing said first group of forward metric values in said memory ina
given order; |

means for reading out the first group of stored metric values from said memory
in an order of last calculated to first calculated;

means for controlling said means for calculating to calculate a second group of
forward metric values following calculation of said first group of metric values; and

means for storing the second group of forward metric values in a given order in
said forward metric memory, whereby a first calculated forward metric value of said
second group is stored in a memory location in which the last calculated meiric value

of said first group is read out. -

23.  The apparatus of claim 22 further comprising:

second means for calculating; during calculation of said first group of -
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forward netric values follow ng cal culation of said first group of netric
val ues; and neans for storing the second group of forward 6éprii2008al ues in
a given order in said forward netric nenory, whereby a first cal cul ated
forward netric value of said second group is stored in a nmenory | ocation
in which the last calculated netric value of said first group is read out.
23. The appay@labszoof claim 22 further conprising: secondriRamSedior

cal culating, during calculation of said first group of 15 6 April 2006 WD

03/ 023709 PCRLURAhetdO G Of WAL, Y Bplifn & SEVGE 88 MBI ol ve

based on the it and associ ate arity bits read out of said first
menory. 24. parftpbinadad cut ofalddiktahénmgy.f or ward and reverse nmetrics required
for performng an output calculation to determ ne binary states of
received signals, conprising the steps of: (a) performng the reverse

netric cal cul ati ggs iA piaddSloRGMBulaMEoRIAd QRE reveis® Witk réquived $er Metric.
calculations are calculated in a first stage foll owed by _a second group of

reverse net r pafarminguanagutpi salsulatiop toadetarmineckingry states f dpgived A@als( b) “stori ng
each of the r&ﬁ’?{sﬁ@d@ﬁawﬂcal culations perfornmed in the first stage; (€)

readi ng the FEVErs IC values calculated during the first stage from

menory for use i fajt hqietfhmp'ug the ad¢versk ateiriwrzaleplatiols ip bvd svages, wheteimeorieor war d
metric calculations after: conpletion of the. first tage.pf reverse metric
cal cul ati 'ons_gTQHBIO‘It}%‘feEF@Cf’Wé’a B?ﬁ’da@tcgl@‘éla%‘?mraéjwzftg%%ﬂg%fp gy ATECul ati ons;
and (e) witpagp 8aetbrdeqYRicalduREbAshemplcaldhiale® th Lutdnadguagdle second stage into
a nenory location that a reverse netric calculated during the first stage

. . ! 2 g

i s being read outb) fsloringsashefdhe syerprimetis|calgrlations perforsied i henfiipthod of

claim24 further conprising the step of performng output calculations

utilizing the Téverse netrics calculated in the first stage and the forward
metrics cal cul at ¢g) i meading therceersk metagealues calculated during the first stage from

memory for use in the output calculation;

(&) performing the forward metric calculations afterlcompletion of the first
stage of reverse metric calculations and before the second stage of reverse metric
calculations; and

(e)  writing each reverse metric calculated during the second stage into a
memory location that a reverse metric calculated during the first stage is béing read out

for use in an output calculation.

25.  The method of claim 24 further comprising the step of performing output
calculations utilizing the reverse metrics calculated in the first stage and the forward

metrics calculated in the second stage.

26. The method of claim 24 wherein steps (c) and (e) are performed

employing a common clock edge of a clock signal.

27.  The method of claim 25 further comprising performing forward metrics
in a third stage following said second stage responsive to the reverse metrics calculated

in the second stage; and
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26. The method of claim 24 wherein steps (c) and (e) are perfor med

enpl oyi ng a common cl ock edge of a clock signal. 27. The n6tAptt2ai6 cl ai m 25
further conprising performng forward netrics in a third stage follow ng
sai d-second stage responsive to the reverse netrics calculated in the
second stage; and 16 6 April 2006 WD 113/023709 PCT/ US02/ 11664 perform ng
out put cal wolabds@as utilizing the reverse netric val uepcgadogulsgt ed during
t he second stage and the forward netric values cal culated during the third
stage. 28.. A ne | renot e

| ocati on whi ch Q Pm{?g %gtp‘gﬂblﬁgg%a%ﬁ %ﬂgglgélé‘;ae?%dﬁ &gfﬁ{&%{;%@%%d whi ch may
be corrupt edhhytgthnmcemistagcbmuhtfmdmmwaimshdmkmtd,duunmwmdstgget he steps
of: (a) calculating, during a first tinme interval, a reverse netric val ue
for each data bit and its acconpanying parity bits received froma

transm ssion | ocgd.i OB méthod fofdecodifd 4 MBhsRRG N FeBUPIITROMBlehofe IWatie 1N a first
menory; stori ng] each received data bit and acconpanying parity bits in a

| ocal - menor ywhieh inplades gt bits aed ssepiatgdyarifyhitgiand Whish mayrbs\rerrupt ric val ue
fromthe firg Q i extrinsic value; (e)
utilizing theisg Eﬁ%%ﬁ“%@%ci? d‘glug?‘:etse ??s previously stored in the
| ocal nenory for(a}:al caléudtinggiusing e fisatide intdrval,@ reerseenetdmaheifor edehr i ng a
second t.ine terv cal cul atin reve netric value for data bits and
200t at ed saPiteAgy ety Blpithy it Gedia Telbt i Re Bt al and st or i ng
each reverse ne(tbyl csw@{gacm@b&gd,aétﬂdvaw,hagrgtmn@gcond time interval in a
menory |l ocation of the first nmenory in which a reverse netric value is
read out during &} epstprne caghyreceived datay bitand gpcompaninpmrriphbitsdn A ledk data bit
and associ a Opfg %&a@ék@env&iead into the local nmenory during step (c) are
oca

read out- of menory 1 n reverse order for use in calculating the
extrinsic \/a| ue.(d) reading out a reverse metric value from the first memory for use in

calculating an extrinsic value;

{(e) utilizing the data bit and associated parity bits previously stored in the

local memory for calculating a forward metric value; and

(f)  duringa second time interval, calculating a reverse metric value for data
bits and associated parity bits.received during the second time interval and storing each
reverse metric value calculated during the second time interval in a memory location of

the first memory in which a reverse metric value is read out during step (d).

29.  The method of claim 28 wherein the data bit and associated parity bits
read into the local memory durii)g step {c) are read out of the local memory in reverse

order for use in calculating the extrinsic value.
30. The method of claim 29 wherein the reverse metric values calculated in

the first time interval are read out of memory in reverse of the order in which the

reverse mefric values calculated in the second time interval are read into memory.
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30. The nethod of claim 29 wherein the reverse netric values calculated in
the first time interval are read out of nmenory in reverse 6fAptihg06r der in
which the reverse netric values calculated in the second tine interval are
yead into menory. 17 6 April 2006 WO 03/023709 PCT/US02/11664 31. The
Srethod ofelaim29 further conprising calculating antextrinsic value based
fon a givenworweré netric value, a given reverse netri eoeraksai@pdd a gi ven
-~ data bit and associated parity bits. 32. A nethod for calculating forward
| And reverse melriags CARUMRN of Glim 9ROl Bl fRlaiaBhd AdSrble dfer 1 N
: binary states of received signhals, conprising: (qa performng a tirst group
of forward nbdased en xgivauloawdrdmstrid walue) g giveh ravetse setaigoplué bdst givannigtat he fi r st
group of forward, nmetric valuyes in a nmenory; (c)performng reverse netric
cal cul ati onsg\fﬂi?ﬂdiaﬁ?j)cgtegé’érdwg”%t age following said first stage; (d)
perform ng a second group of forward nmetric calculations as reverse netric
val ues are cal cul ated during the second stage; (e) reading forward netric
val ues of said fi#st Amsdpddar calevlative Sk apd)reyerse metrics reqyired et h ¢ he
reverse netrj J J erygl%“; .qr .performng
cal cul ati onsb%@gggé%ﬁﬂg&gioﬁdaerﬁgnggg{ng{g s%?ésgglwgg?ece v%g&ﬁlg?gﬁ%il s; and (f)
storing cal cul at (@ns pefforzrngla Escgogp dfawprdohetfiocalaationeduring val ues during a
time that the.reverse netric values are being calculated in the second
st age, wher eﬁgr%%’forward metric value cal cul ated during the second stage
is stored in the)sakRringaatfirdBroup of forvdr@ memicdai®s ixGnetddrge cal cul at ed
during the first stage is_being read out for use in performng
cal cul ations to &3t emsiferaning §¥grse matrig ealculgtionssuging 2 weendstage follpyingl s.  33.
- Apparatus fog;calGu.gting forward and reverse netrics required for
perform ng an out putg ‘cal culation to deternmine binary states of received
signal s, conpri §)ng:performing a second group of forward metric calculations as

reverse metric values are calculated during the second stage;
(e} reading forward metric values of said first group out of

locations in memory for use with the reverse metric values calculated during said

second stage for performing calculations to determine binary states of said received

signals; and

()  storing calculations of said second group of forward metric
values during a time that the reverse metric values are being calculated in the second
stage, whereby each forward metric value calculated during the second stage is stored
in the same location that a forward metric value calculated during the first stage is
being read out for use in perfdrming calculatibns to determine binary states of said

received signals.

33 Apparatus for calculating forward and reverse metrics required for
performing an output calculation to determine binary states of received signals,

~ comprising:
means for performing the reverse metric calculations in two stages, wherein one
group of reverse metric calculations are calculated in a first stage followed by a second

group of reverse metric calculations being calculated in a second stage;
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means for performng the reverse netric calculations in two stages, wherein
one group of reverse metric calculations are cal cul ated i®ARk4Q06t stage
followed by a second group of reverse netric calcul ations being cal cul ated
in-a second stage; 18 6 April 2006 WO 03/0237119 PCT/ US02/ 11664 neans for
Storing each of the reverse netric calculations perforned in the first

st age; neawmgofmsy eadi ng the reverse netric val ues cal eeivedoethsdur i ng t he
first stage fromnenory for use in the output cal cul ation; nmeans for

per forning the o ekl BB dath SARERLALI AR AL RiofYIRbSIdGuERg e T 1t

stage of reverse netric ca ations an ore the second stage of reverse
~nmetric cal ctageti ons; and neans for witing each reverse netric cal cul ated

during the second stage i,nto,a nenory. | ocation .a reverse metric
cal cul ated duri rfaeat"ﬁg(gfrf"ﬁdg'ﬁ the wyasq %’e%‘giv lé'esr%agcd'lagzgtadt"nf'%p'cﬁg S?’ﬁe an out put
cal cul ati on.froafmentbl§ f@Rpamahdisutf calbwation33 further conprising neans for

performng output calculations utilizing the reverse netrics_calculated in
the first stage me@s foseerfarmingthefonprd megiceglculationsafer caoplketion althhid st age.

35. The appaggldse &fre&{fairngar{é%asttwa@ FREE 8 bdOnd BRSO fePdrsd1BLON M NY

forward netrics Tn a thi stage follow ng said second stage responsive to
t he rever se calmgatidns;sndal cul ated in the second stage; and neans for

perform ng output calcul.ations utilizi.ng,t verse netric val ues
cal cul ated duri r{aeapgll r%@% &se‘é e'%%ﬂc- cé’?a?%({r \}ﬁ%{%ﬁ%etc?ridcm\gﬁf'ﬁ%@s cal cul at ed

during the ehioklo&dtionthat a3bverdppficthalétlafed dutigaRdiritglage ik babhEreadoit on recei ved
“froma renpote | ocation which includes data bits and associated parity bits

and whi ch m&SF Wen@gPrrEBt@l lYor noi se in the transnission channel,
conprising: neans for calculating, during a first tinme interval, a reverse
metric value for each data bit and its acconpanying parity bits received
froma transm ssion Thecappirets of glaim 33 furtheresmyprising means fospedomming ever se

metric valu output calculations utilizing the reverse metrics calculated in the first stage and the

forward metrics calculated in the second stage.

35.  The apparatus of claim 33 further comprising means for performing
forward metrics in a third stage following said second stage responsive to the reverse
metrics calculated in the second stage; and |

means for performing output calculations utilizing the reverse metric values
calculated during the second stage and the forward metric values calcuiated during the

third stage.

36.  Apparatus for decoding a transmission received from a remote location
which includes data bits and associated parity bits and which may be corrupted by
noise in the transmission channel, comprising:

means for calculating, during a first time interval, a reverse metric value for
each data bit and its accompanying parity bits received from a transmission location;

zi'fust memory for storing each reverse metric value;

alocal memory for storing each received data bit and accompanying parity bits;
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a local nenory for storing each received data bit and acconpanying parity
bits; 19 6 April 2006 WD 03/023709 PCT/ US02/ 11664 neans fof Anshdileg out a
reverse nmetric value fromthe first nmenory for use in calculating an
extrinsic value; means for utilizing the data bit apd associated parity
bits previously stored in the |local nenory for calculating a forward '
metric; andvoemsieyduring a second tinme interval, for catrusnhisag a reverse
metric value for data bits and associated parity bits received during the
. second time int ermalm%}%aarngrowm&e&.ne&.@vaﬁéﬁom{erﬂra YRl fof <Gif! at ed
~during the second tinme interval in a nmemory location of t Irst menory
in which a rewbuls@gmltemrmswahlue is read out during step (d). 37. Apparatus

of claim 36 includin r di n f .t oca ry the data
bit and associ at €89 rf’ ’zb“gttge?aéa}g‘ 8mf%30%%§ﬁsﬁvwvs{gﬁeqoﬁ%%gr se order
for use in cabﬁuh&hbr@goﬁda&uiaﬁﬁgamw&duﬁtrugam read-only neans. 38. The
apparatus of claim 37 further conprising means for calculating an

extrinsic val ue UB%SS dyfngp ﬁFQi’é‘ﬁ’“?edﬁ“ﬁH?ldfoﬁE‘t[‘F‘!I%mﬁ8!"?{5"5‘3 megeyahe fosver se

| ‘; metric val ue @dis aﬁad%s\ﬂﬁﬂle&j Blrfy Bitdre @dd AR hAL&Hd RAE Entte)fvalpéﬁd%ton%%

s Apparatus for calculating forward and reverse netrics required

performing cakaduearicometric galde caleylated disingahe secomt éme gfterva geaveainasy gnal s,
conpri si ng: ¥ fi tr,i.C
cal cul-ati ons l‘g%fral thj%ﬁfr%?(rﬁ%fn%%g’g"&%er‘r’rﬁrse gré’zg gu?%rreagto%rluﬂ rrS? éd)fl rst group

of forward netric vaI ues; neans for perform ng reverse netric cal cul ations
during a second stage ans f performng a

. d first sta
.+ second group of farvva‘?B’aFPé‘fsr%’Afdccq%‘&’I f‘{ﬂ"&lf‘ij‘ﬂﬁé“e&%s g’é\’i%‘gg’@ ouhﬁfflﬁedo‘@él ues are

* cal cul ated difeiog), &Qﬁat%ﬁ%ﬂas%o@e@&h palBANS rda@lintb BRISAPMEMEYAR fbvEBL i C val ues
~of said first group out of Iocatlons in said nenory for Use with the

reverse net rouleniar ussdn ealewdating thackxttinsic vefus by ttadrenlymanst age  for perforning
calculations to determ ne binary states of said received signals; and 20

38.  The apparatus of claim 37 further comprising means for calculating an
extrinsic value based on a given forward metric value, a given reverse metric value and

a given data bit and associated parity bits.

39.  Apparatus for calculating forward and reverse metrics required for
performing calculations to determine binary states of received signals, comprising:
means for performing a first group of forward metric calculations
during a first stage; ‘

memory means for stoﬁng the first group of forward metric values;

means for performing réverse metric calculations during a second stage |
following said first stage; _

means for performing a second group of forward metric calculations as reverse
metric values are calculated during the second stage; |

means for reading forward metric values of said first group out of locations in
said memory for use with the reverse metric values calculated during said second stage

for performing calculations to determine binary states of said received signals; and
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6 April 2006 WD 03/023709 PCT/ US02/ 11664 neans for storing cal cul ati ons of
said second group of forward nmetric values during a tine 6WApti2006 reverse
metric values are being calculated in the second stage, whereby each
forward netric value cal cul ated during the second stage is stored in the
sane |location that a forward netric value calculated during the first stage
is being readsmpat for use in performng cal cul ati ons tordsizaiem ne bi nary
states of said received signals. 21.

means for storing calculations of said second group of forward metric values
during a time that the reverse metric values are being calculated in the second stage,
whereby each forward metric value calculated during the second stage is stored in the
same location that a forward metric value calculated during the first stage is being read
out for use in performing calculations to determine binary states of said received

signals.
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