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(57) Abstract; The sliding window approach to pipeline maximum a posteriori (MAP) decoder architecture is modified to decrease
*~. processing time. Once the forward mettics have been calculated for the first sliding window of the decoder, the reverse metrics for
each window are calculated while the forward metrics for the next window are calculated. As each new forward meltric is calculated
and stored inio memory {14), the forward metric from the previous window is read from memory {14) for use with reverse meitic
being caleulated in calculating extrinsic value. Each forward metric for use in calculating an extrinsic value is read from memory on
the same clock edge that the new forward metric is written 10 the same memory location. Although this architeclure was developed
™ for a turbo decoder, all convolution codes can vse the MAP algorithm of the present inventioon.
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[err] Abstract: The sliding w ndow approach to pipeline maxi mum a
posterlorl (MAP) decoder architecture is modi fied to decre&é@nhﬁmﬁce55|ng
tinme. Once the forward metrics have been calculated for the first sliding
wi ndow of the decoder, the reverse metrics for each wi ndow are cal cul ated
while the forward netrics for the next wi ndow are calcul ated. As each new
forward netric is calculated and stored into nennrrmﬁwﬂ the forward

metric fromthe previous wW@dgsyg23705adA §r oKl LT T
reverse

forward netric for use n caliﬁéatln an extrinsic value is nad from menory

on the SAfE B SHHE TIAT e forward netric is witten to the sane
Menory | agaldaReuaPlstedorabr dakthes architecture was devel oped for a turbo

decoder, all convolution codes can use the MAP al gorithm of the present

i nventi on. [err] 6 April 2006 WD 03/023709 PCT/US02/11664 [0001] PI PELI NE
ARCHI TECTURE FOR MAXI MUM A POSTERI ORI (MAP) DECODERS [ 0002] FIELD OF THE
| NVENTI ON [ 0003] The present invention relates to the field of processing
error detection and correction algorithns. Mre specifically, the present
invention relates to an efficient pipelined architecture for processing
maxi mum a posteriori (MAP) algorithnms. [0004] BACKGROUND OF THE | NVENTI ON
[ 0005] Sonme error correction algorithms, such as the Turbo Decoder

al gorithm use variations of the MAP algorithmto recover a sequence of
information bits froman encoded bit sequence that has been corr.upted by
noi se. The recursive nature of the calculation required by the MAP

al gorithm makes inpl enentation costly. [0006] For exanple, Figure |
illustrates the sequence output by the MAP algorithmas a function of a
set of Aforward@netrics, and a set of Abackward@




metrics. However, each forward netric (k), is a function of the previous
forward netric, (k-1) andeach reverse nmetric (k-1), is a 64pct2006 of the

next reverse netric, (k). As illustrated in the tineline diagram of Figure
1, an architecture that inplenments this algorithmrequires a buffer large
- enough to hold either all of the forward netrics or all of the reverse

nmetrics suwghosteatest he other set of netrics can be cal ceCawsa/idsie|l e t he
output is calculated, which design |leads to a decoder whose latency is

proportionalreher) approxi rapElINEtARCRITECS UREZFORMARRMOMOLK that needs to be
decoded. [00[07]‘ In an effort ﬁ&ﬁf%éﬁ%ﬂ?)?ﬂ&bﬁl{@eqm red by the MAP
the MAP a [

algorithm a nodified version o gorithm called the sliding
wi ndow al gorithm has been devel oped. By making a snall approximtion in

the reverse ric calculati on€I i;ﬁ;iv%g, 'lqdow approach reduces the
PLP GRAE TR

size of the P&{dired metric bu onpl i shed by dividing the
recei ved sedq@osge i ntfhe plestdpinSentian ebldid3an the il ofrogssigoatior detadiow. 6 Apri |
2006 Figure 2 illustrates a tineline_of how the sliding wi ndow cal cul ations
are perf or f8f SRReHOR AtEoHGMs MAre SR he AT deRPickifSR 21 The | engt h

of the tail cnadth! Sadied AitdlhRe P frdtleboing’ SakinhiR|d peQEMAT fEAR9 the amount
of data to be processed. It is clear that as |long as the window size is

rel ativel y lagogghmsonpared to the size of the |earning wi ndow, the |atency
‘through the decoder is not significantly increased but the size of the
‘buffer required to hold the forward nmetric is significantly decreased.
Therefore, §000apj ective GACHGROUEBDEOR THEVENENGIONS to reduce both | atency

and cost assgocjiated with inplenmenting such al gorithps. SUWARY OF THE

I NVENTI ON | O%Oéiordaﬁ%ewqfﬁpf&cm_ °”§§?§e%h6?‘gft‘€i’ﬁbgg@8ﬂta R8Nt i on, there
i's provided g vafaiidhe df hOMAPM doHlHRL o Aot @ b W udnRBAInFRMBE DR LAS T equi red
for performng an output calculation to determ ne binary states of

recei ved si gnesidsd bit epaperics thaphas lhecnsqomppicd by ngisd Berreavsivengturhief ther war d
metric calc Lons | 53%9 rekn i : of the forward
metric cal cg%lg@fﬁgoﬁs{c%u?rgﬁ E\gtatt'?cu a%lg%{%ﬁ ngalk?sl ¥ gﬁcn{scﬁ %8%{%§F¥'omed by a second
group of fofewmell net Fercexample UFigtide o Hlubtedtergthe Gadquendeadushit iby the 3&4PNd St age;

(D) reading b S as s huctitn oF a 5ot of Riotward@ ndhits, i & &5 of Absdkvaiad® MO

| 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.




menory for use with reverse netric values to performthe out put
calculation; (c) performng the reverse netric cal cul ati ofidprin2G0ee second
stage, following the first stage; (d) perform ng the second half of
forward netric calculations as said reverse cal cul ati ons are being
performed; (e) storing each of the forward netric cal cul ati ons perforned
inthe first stage; (f) and witing each forward netric cal culated during
the second stage into a rrermry Iocation that a forward netric cal cul ated
during the first stage | ei.ng rea f or i n_an outpyt.cal cul ation.
I n accor dance wth%’ﬁg?eésl el dpe Ifef’ Bo%wsgﬁl 8 WOdonY |°61Eqatl°ﬂ%ra§ is
provi dedpegforniat Bh Rr dALGRdiIvag: RividedNBiB S Windo®S.CTNE denkihOBT dhe @ADL €

| ocation which includes data bits and associated parity bits and which may

be cor r updelgarn iz oirs émically NerytsmeH sepmpated o dhrapnent of dafape i bsi prgcessié st eps
of ; (a) )ﬁ% %fé!i htn:g; logéj 5§ 1 »@lnéd\g Ste t1§ F@au'va#/ %rgfgl;omslﬂredqléwgl %“(:)}‘ l;:ﬂec val ue
y It recel ve

for each data ts acconpanyi ng par roma
transm slsamﬂnglmedxtw oh¢ Ity shonginghe daoder fio rnvarsignifiedntly cinsradsee bun it fi r st

menory;, t each receive ta bit and.acco in parity bits in
a | ocal %@)ﬁ? By TAYE réocehogie ° (yarkanrTy SoPEAR eI B ¢ val uo
fromthe 2 6 Apr| | Tﬁ&&@refdlr{ SechRBT tHe PldEchNBivétiSLEAR teduld Bt RieRE J)/éﬂd for

cal culating an extrinsic val ue; Se) utilizing the data bit and associ ated

parity mw@sqﬁﬁ@ww%mﬂm%ﬁ%whﬁmﬂmsy for calculating a reverse netric
value during said second tine interval; and (f) during said second tine
interval, calculating a forward netric value for data bits and associ at ed
parity bits received duri n§UMMAREOBTHEINVENTIONr val -and storing each
forward netric value cal cul ated _duri n% the second tinme interval in a nenory

| ocation from whi®Boeqrderae\iinge fist pspec \Pgltft?eer%ﬂ‘rlé‘%u%’uf eEfuis iPFRY1Ided @p (d). In

accor danggnid thicaftulatily Gr@afPRE tevelse BRicPGARA for pEPf‘&BI QR out%)ﬁ%ﬁl@ullatﬁmpr ovi ded
a nethod for operating a turbo decoder receiving d s each

acconpartp éderbynedmsaacawattse)ﬁrepaqutsggnalb icorgprasing tme@hofn@ypdn@rrmog the fereerd

SucCessi DR FIRHRRSPUH SoBoPRTTIS G P ol oF PORILPECGRFIA EAPuI al | ons

are cal Cdaloafaed ih R fastl dtdpS tfollows® blyd el grb@l] bORBGkrd YnelticS@LARMors| H¥Rgl Nt er val ;
(b) storing each of the forward netric calculations perforned during the

first i rrelplpiaf in yseyond stagk (hy readipmthe Srward anetriss palqulated dpring thafirgisage Eomdur i ng
the firsh, Iﬁqﬁr"lw&w&bﬂ&w&a{ﬂﬁmg ¥ a;{e%nﬂ’?lg)oﬁtg mguow @‘%V oLENEhaRe Metric

value in calculating an extrinsic v ormn erse " netric
cal cul atrecns, maltir I:aiglleillhﬁ in the second stage, following the ﬁrst stage; (d) performing the

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

2




second time interval and after conpletion of the forward netric
calculations perfornmed during the first tine interval; an@Apeg)2606iting
each forward nmetric val ue calculated during the second time interval into
a nmenory location fromwhich a forward nmetric val ue cal cul ated during the
first tinme interval is read out of menory. In accordance with a fourth
aspect of the present invention, there is provided a turbo decoder for
calculating forward and reverse netrics required for performng a

calculat on to determne binary s recei ved sigpals. c r|S|ng t he
steps of! firs la‘im‘ij%gi'lé"néf‘ F‘?‘f@“da‘“’n’Fe‘H‘BgVﬁl ft" @3’@?“&?&"‘&“&% e ﬁ%h‘étihémﬁg’g@ (b)
recei vi ngy %Q%&ﬁe@&ﬂﬂmlﬁ bRGioRR s?orl@d h %leﬁl@p} BSRARGIAEdRAL ldfic vblh& s whi ch
may be corrupted by noise or the lik (c) storing the data bit, associated
parity biluring ssd sepadimg mt@“@dxandﬁ) émlgaalé seqend; tiny letrvelj gabonlatingA fe@farq d)

cal cul at| S f ata bit,
associ at B pgalljlile for |atS°§t£ %n% S0 1at\é? pati gyng )g,trel;clglr\]rgc? é:u% V% he Qecgr?a%rge 1{1@%51%&1 t he
forward stofglehdh fM—azbltdend&aJ \&lﬂe ahlagdatéddueingithé edcwvRirtiherigtbivhldn AROROrY :locétio)l readi ng

the calculated forward netrjic  value fromnenory for use together with a
reverse fi Phich ¢ frtud metric yplpeiis atad opt dringsePdt ri nsi ¢ val ue; (g) enpl oyi ng
steps (a) B (c) Tap .Gdtdahledbitng ufrd SRS tﬁ@{,re@& lfneénvi@:{ %éa@isrﬂr&qaéalaues whi | e
the reverse netric values are being cal culated; and (h) storing each of the
second swtthaf fof erevtingla Rubcsdeogrler tec 00 databitsi sachvasbargmnied bassenirtadypatigcat i on
which is .the.s one .i n_whi one.of the first, set .of.forwa tric
Val es. e BAGIG R0 oo olur il Amgtiis gt f of R Tpnpob PR e

Fic va ue. In

accor dan&eulMisd if nfd fiktessdPand in@fvalsheheRiSRHroup Hf Efttvi@ metiid@fculaGoRr ovi ded a
turbo decoder for calculating forward netrics (a) and reverse (p) netrics

requi r e eloysdin p dirsh §me dnteria] deffozredl bn 2 sesorrbiinas inferel Kbgripe §%cat0ééheof

. receive onprisin
Gt br ol fedc SRR Mol RHEPBe By idedeal BRI et BrdlR wipffOMPT 1 S1 10
corrupteﬂmmbﬂmnﬂmkénmgﬂﬁmmnhmkamxﬁbﬁmgmnﬁmann@ea@mhﬂwnmah@m&&nmmmin an
extrinsic nenory for storin n trjinsic val ue; storln irst data
bi t assUlah euvE BIEST ARy PrEHRE erfeth gen sperny SEnt fensi o

val ue i NseBonkiiifnd intePATREYafiek &)ngﬂéﬁb&bﬁtﬂé foRehrPméiti& Slicul05WakGoriBA firfag Rl Ue based
on said data bit, associated parity bits and starting extrinsic value; (e)
stori ng fistetiteinteeiali apdfe) iweltlvsamb for@mdcmﬂtrm abieicalogatpd fytime dheygeqni ¢imee mor v ;

(f) readi calc ric rdgmetric
menory f oir%g’ﬁge % o e?ﬁrg%‘:%g?%%m r‘;‘g}\ll%1 r’s é)rwar }r/nfa"tgklQ’allt"];g %?eedt dungé ﬁ% 1‘ﬁe%xt rinsic
val ue; 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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(g) enploying steps (a) B (c) for calculating a first forward netric val ue
of a second set of forward nmetric values while the reverséApEt2006 val ue is
bei ng cal cul ated; and (h) storing the first forward netric value of the
second set of forward netric values in the same nenory |ocation as one in
whi ch one of the first set of forward netric values is read out for use in
calculation of an extrinsic value. In accordance with a sixth aspect of
the present invention, there is provided a turbo decoder for calculating

forward and reverse netrics.re for erf | cu ionto

det 6r m nBPHF HAI 1ot HPBEY S BORpe S PR o Pep e Rl e ¢
MENDry; fnbifis valil &8ad R for GRMESaRllatich @amei@é MettiGaEd. ON i N the extrinsic
menory, second neans for rece|V|g% gnals conprising data bits each
havi ng associ at ed IaacFardangs wigh @i hasm&yoib@e ooy irvertiopy thepoisguovided ghe | ke;
third ne el @@% nory

| ocati on; gﬁ%td %rrlgcrgir?gﬁu# r‘&ﬁfﬁetﬁés (?)n%ﬁz&%sgéﬁﬁq}segtﬁg %)wli; fﬁ’ uj@fl C

val ues basdhahlation s:aieténﬁiaé bind ttateaisioeivad dgnabadtoirpiisity the step%abf (@redeivirtgi al
starting extrinsi¢ value; fifth nmeans for staori rd netric

cal cul at %@afwapﬂ% Rits pashr hewingatigjed @P%legﬂgm% T 2R He

cal cul at %dn&&rdﬁﬁéjhl&e"{ﬁ)' gendrftRBaSAthbry Mo@mtn aHRkirinGc MRABYof QbridgSA,
together With a reverse nmetric, in calculating an extrinsic value; said
first, edinsiecalusdoxsring arfisssdets bisl aswiciatei] merity bie emdrydesation ardrafpaling et ri c
val ues while [ ev Tetr ues b sai d

o Ve el e Y BB e BHE B B PRE SR ¥l S 6
set of fuif, deiaﬂaaatpﬁmtq bit’§|dn&5‘stak‘tmgt d’xmnslarmluﬁp(aprsmnhg)mt fobward fmetrrevaler war d
metric nenory as one in which one of the first set of formar metric

val ues | elclsled o forvast mesic menceak wadies B calrvlalnd Bird mee Ve o ey
accor dang,h b nREENR. 208 Hin & RbcRl FEEBY bMERR AllexdIRNALLS
provided a storing technique or use in a turbo decoder for cal cul ating
forward @n dmpleyiag stepne) Bi ©3 far e‘qlumlutmg a ﬁm fomsardi oretricnglue al wedndtseiosf t o

determn state receive nal.s co ris st of . (a)
Stori ng v S et BF s R e e SRk A Gl R von
order; (B}warr@al%e Falu®bil th §e@<61ﬂ(ietf8¥&”dr{v§rd\ﬁ@ehib&%1de§hn&ﬁb Qe afemofy Ibasén &al cul at ed
to first cal cul ated; and (c) storing a second group of forward metric
val ues i #rean ghigle ancopfdles firstientdoryard maticsvalusaisaead el peihealalaiet P val ue
of said aﬁﬁgﬁqmgéoup is stored in a nenory | ocation fromwhich the | ast
cal cul ated netric val ue

In accordance with a sixth aspect of the present invention, there is provided a

turbo decoder for calculating forward and reverse metrics required for performing a calculation to
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

2b




of said second group is read out. In accordance with an ei ghth aspect of
thé present invention, there is provided an apparatus for6épel2006a turbo
decoder for calculating forward and reverse netrics required for
performng a calculation to determ ne binary states of received signals
conprising: a first nenory for storing a data bit and associated parity
bits; a forward netric nenory; neans for calculating a first group of
forward netric val ues based on said data bit and associated parity bits;
means for storing said.firs roup of forwar tric values in said nenory
in a gi vhOIPTEF MRS e ﬁ%@a&ewafyckfefe“%ﬂr?éﬁ}e??fgvﬁfd&e&fﬁm&%%S&P%al metric
val ues f Rioh 6 it (HIERR 6 of Mrvitd AEEHEValRk id redllout ©AhG il @lcBddnorbh Bffinsic

cal cul ated; neans for controlling said nmeans for calculating to calculate a
second g¥difp of forward metric values follow ng calculation of said first
group of met rec V%%@c%fdm&%ﬂth‘%ﬂlfa %c?&ﬁﬁé é}%eﬁthr?veﬁ@&?mgegg BHd fa forward
metric values in a given order I n sal or wa metric nenory, ereby a
first cabaidgaedddighiofonasedn meibo decodat foecadfulsiag threed ambegroumetrics regiiogded in  a
menory IPcati on.in ich thg | ast cal cul ated netri.c Yal ue .of ﬁ%ai d first
group i s™F BFEPBE 2 Piflaiandp dERTESFRAY HaR HrRCONED Bt P TPHENS 6 SiER

I nventi ogg (& H@ﬁ%dﬁst@}&}slo@ﬁﬁvﬁd B NRdes\ iR bai® AbBsHy & 4 Hdenl RINAbeRIME I EVEr SE
metrics required for perform ng an output calculation to det'erm ne bi nary
st at es ofutsieredimerit vglughialas ordgioeriest ealqulpted e fivst ealpylatefl; qnd Yo) sleripz srcenl t he
reverse el I GGl SUliaLhR0% § Bydt9a ARBy o HCLALAANSHOUROLaleVer s
metric cBAfculations are calculate I’n-a Fst &t age followe y a second
group of offseMee®ad gl isGtotdl it d n@inopiscakian figm Ghich uthealh® daléutatal maec e St age;
(b) storing each of the reverse netric calculations perforned in the first
stage; (ehsadgecgndgpniseed@tr eadi ng the reverse netric val ues cal cul ated

during the first Sfnaag&réaﬁwmeamlfgﬂth}ca%eptl@ﬁleipﬂesénlaﬁwer@iHﬁ,Qﬁé}e i€ BloGidtdnl ON;  (d)

perform ng the forward netric calcul ations after conpletion of the first
st age of appeves §& yretn i cureaficodeativronkulating foefad end reersewdrics wquyed fof rever se

metric calcul.ations;. .an wit.in ch reverse. netric cal cul ated during
'he. SecomaPUPaEa THEBUE o fEPTHeobaRy SHRE i eceRes dEds coRRtrits bolfoul at ed
during theméryfed stéiing AeiataShilRid Resotiedd pRity biHh IS@rd MetAd ntbPHnedslful at i on.
In accordance with a tenth aspect of the present invention, there is

~ provi dedeadelaripg hgt aroip of Eevar mgira velperbased 93 phdataliving awoqisighiaatiéfot e
| ocat i ong Al ¢l &Mk 488 Sicd AR R awil dneodS P4 3 Sfla BREbAYin B disen Wb NI Ch- Ry
ed by no

be corrup se I n e transm ssi on channel,
‘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 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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conprising the steps of; (a) calculating, during a first tinme interval, a
reverse nmetric value for each data bit and its acconpanyi 6dppBe2006y bits
received froma transm ssion |location; (b) storing each reverse netric
value in a first nenory; (c) storing each received data bit and
acconpanying parity bits in a local nenory as they are received; (d)
reading out a reverse netric value fromthe first nenory for use in
calculating an extrinsic value; (e) utilizing the data bit and associ at ed
parity bits previously stored in the |Iocal nmenory for calculating a forward
metric value; and (f) during a second tinme interval, calculating a reverse
Metric vehdig hokevedd metdic tvelu@NdlicaBed Guadgete Bak kthge frdth hidmbECRt ¥Rdn &ér i Ng t he
second time interval and storing each reverse netric val ue cal cul ated

during t9rusedetrior; (fbrericraipg die Torvagl metfe cglovgicns ftsh crpletioa of ifesistrenory i n
whi ch a $5U OF Persd bt Cat Am Heﬁ)%j 8 Htt:coﬁid" Ethg@g}f $deRe (ﬁ@rm cLlf&u@tf?onge’,g dance

with an el’eventh aspect o tﬁﬁ% present invention, there Is provi a

met hod faud (Gariting edch regerfaonetaes chlcalackd denerthesecmt! stagesinto @ guemoedodation thar f or mi ng
cal culations to .determ ne bin states of received signals onpri si ng:
(2 © per PTG TG 08 UBA  SRel Borarel Lo YE QLT POhe BT a f st
stage; (b) storingntf@rdahdeSHthd RHR dBfecl ST MR pdsciBbdnGon FMER PrdVidRd aMENDI Y ;
(c) performng reverse nmetric calculations during a second stage follow ng

“sai d fi regthodsfprgrecdingd) trapemissinnrpastycd frem @ sereptglosation which elndesdlatabity and

cal cul at S..[:ever.s I u ﬁ @ cal.cul a e econd
st age; (Aes%ra?“éegcﬁaﬁ ?1({)S r %ﬁiﬁﬁlﬁféﬁ?&xgﬁ%g u {segol?y ggé%dlnf %hrggﬁ{agg{é%sg% (E)ﬁl}'?n e%f
| ocat i ongmiptisinee sipd ot (d)sdculdtinh, dufiag hdrenme inedtvil] € ravalstl estricakibalfat ed
during said second stage for perform ng calcul ations EP det erm ne binary

2 ( e
states ofecldatbii wddis pergmepnying parity bigreesyeddrogt ¢ gpsmissipy F%{‘PP‘cfﬁ)sS*‘Eﬁngsai d

second OLOURv&e @i ilTR Eifst FeGH UEPst IoR rébetvbd®utd ednd LRSmpSYRLSE NMetric
2d 6 April 2006 val ues are being calculated in the second stage, whereby

each formefyditsintalpoeal mahor agthbcark saceived; Gl rdadige e revesomdtris valgefrem thet ored i n

the sanme. ]l ocation that a forward netric.v e.cal cul ate during, t.he first
St age | rrananey Bnae i Aeb il il beteh fofRaith S e Gl e
binary mtgites pekiosady sore® Gty Bal Shediddy for cdldulAieg 8 fhamnd enepid Valua; indahf t h
aspect of the present invention, there is provided an apparatus for -

cal cul at9UHge # seoditinednerilesplspladogrgeyaresneicqalvg &g datpbitsad psedatsdyad® out put

cal cul aty;Qned. e@@&rﬁ%@eﬂ%c&ﬁdr}:ﬂﬁé/in&k% G Wrins @GS XEseShRA sine EAMRES! NY:

neans for perrormn
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).

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

2d




reverse netric calculations in tw stages, wherein one group of reverse
metric calculations are calculated in a first stage foll oaggril3o0gd second
group of reverse netric calculations being calculated in a second stage;
means for storing each of the reverse netric calculations performed in the
first stage; neans for reading the reverse netric values cal cul ated during
the first stage fromnenory for use in the output calcul ation; neans for
perform ng the forward nmetric calculations after conpletion of- the first

stage of reverse netric calculations and before the second stage of
ever se UEH Fe VG CHPIFO AT SR Rto Moo Gt PTG bEr PRy FAOTHRAL r 1 o

cal cul at gfling @Y dchifhd tshge BLERBHinSthad8nd PERICA HFB A FSatOBatE Qhlud Baduledr ever se
metric calculated during the first stage is being read out for use in an

out put cdirioatet firetrstagp s brineoteatheit donviise fin perfoning sdpulstions jedsterine bigarypr esent
inventio there | rovi.ded an apparatus for decoding a transn ssion
recei vedgét?sé)%gaé@?e‘ée%ﬁg Beation which includes data bits and associ ated
parity bits and W édtofdayte éth@awelfiphpekt bfithe piesat inventibie tHeredipiovidsl aan
channel, conprising; nmeans for calculating, during a first time interval,
a rever s@Pualy ifr galguipting Gerwando and geyerse retrics rgayired BT PEHPRIG Wy OPBYi ty bits

recei vedef R eRASHY SifdrP RabOSAEdeRRY signals, EhipridREhdAns fof herfhAink B €ach
reverse nmetric value; a local nenory for storing each received data bit and

acconpansgienss meirid tajculstions; in e steges,orherameticrgyoupuf reverse wstrisecalewlptiqng asgal ue from
the first ry for. .use.jn | cul ati an extrinsic.value:. ans for
LT o R oL iR il e Bhd el oF SO0 i Ao TR 10T

| ocal negmMicl of a &adnalttagd; in@nsof Mdritig leshhIPE the ir&ersa ABtridRaAlBdatiodtdidtned Second
time interval, for calculating a reverse netric value for data bits and
associ at&dhgfrsi gagepmeags forgpasingehe pyppgetin xalecs aleefated duingfbebvhitaging

storing gag %Jngogf f3.s01Sh e o tgﬁt%icﬁﬁh@ylmfog;g&f&%ﬂg . C@%paﬁqlemcne

interval In a nory cation of the first menory in a reverse netric
val ue i @laulbtchsoditr cuplatign of ¢ fid) stag2eof Gevape i thet @) Gicullatiomcadrigme thewi t h a
fourteenth gspect, of the present invention, there js provided n ,appar at us
for cal CEFARE ToTET BeuRaNFitiors SRy B UL F R B o PHEF PRty

cal cul at (@R teQecofl® b ThidQ RERRY YochloB HIRS a Hveds€ GRIrE RElcBMEN Mg tEAWRI | Si NY:

. nmeans for performng a first group of forward netric calculations during a

first stspelsbheisgoag ovdernse bop oupecilagatione first group of forward netric
val ues; means for perf of MNGal SYEESH L binERbeh ifech @RS miltd AidtaSecond

st age
an 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 tramsmission 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; 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




follow ng said first stage; neans for performng a second group of forward
metric calculations as reverse nmetric val ues are cal cul at 8Apdi2d08g t he
second stage; neans for reading forward netric values of said first group
out of locations in said nenory for use with the reverse netric val ues

cal cul ated during said second stage for performng calculations to
determ ne binary states of said received signals; and neans for storing
cal cul ations of said second group of forward netric values during a tine
that the reverse tric, values are being calculated in the second stage,
wher eby each: T or wARd- BRI el i LS Bir g Pes SBEnoLtae s
stored i fh ipSawaiR calb@aRk fQRarlkiRad reRerkOMVBETre Bl i puddrtdpCalc@btiont & during
the first stage is being read out for use in performng calculations to
det er m nécisiming biparytstptes of 1g¢eiveq pignalseeqmpyisige:s mgang | fer. pRRITERE RESStRIMP ¢\ OF THE
DRAW NGS e ' I Lk L herel SCr ' junction
wth tne i SRR lndabie Yl Mot vl SRR Bl 12 ARBEUSRE plur Bl (TC
el enent sfoawd ni2fric6ralips; inleaROOpBR IR ORALORHCTALITN DAL dibTagd o[ 8dhd ptagei gure 1

- 1s one exanple of .a tinme ling of a prior art errqr cqrrection .algorithm

ar chi t ectpEn pobTE] staEeytias o piogmisae aeﬁan%&%ﬂf 301‘8#3&16?1%@10 Hetieds 8 & pr i or
art errOfev&GQ m&AL vallks af GRNIalch M ChE §REIdWiRe; Mol bof h?eatiiﬁl% forQbrdiediand
reverse metrics are calculated using sliding windows; [0016] Figure 3 is a

bl ock di wdyeanf wid Frst greupooutiefdecdtionsiin sahinehony Her use Wik thegeyierse aetrigryalues
architectur f. the present invention nma side; . [001 Fi_gur is a

o1 ok a sk gphlcsell ER8R ol RS Bl Bleuls 5 P ac kUt S oG Bl [0 2
‘t he f orwatdved MbnhleV&idS@eai® fdri stsing lclcul@ions SEehid adtehd ROUBHf Firgatd enefhid S a ti me
line of the error correction architecture of the present invention. [0019]
DETAI LED'abesERiner? die dhat HaerersRaneiiss values asp beine palgated 18 thy seeppd gesent

inventi OQhérﬂ),yaeaQJ B darl LAY AR caRtuibtdl RO HE L8Iond s Eliedt RERPLRR] | NE
decoder archi'tecture of the present Invention may reside. In the
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.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will hereinafter be described in conjunction with

the appended drawing figures, wherein like numerals designate like elements and:
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pi pel'i ned MAP decoder architecture of the present invention, the sliding
wi hdow approach is nodified so that processing tinme can béAgdkcti®ased.
Figure 4 illustrates the tineline acconplished by the present invention.
Once the forward metrics have been calculated for the first w ndow, the
reverse netrics for each window are calculated while the forward netrics
for the nexfo¥hsyw are cal cul ated. As each new forwar eriRbini6esl S

cal cul ated and stored into nenory, the forward netric fromthe previ ous

W ndow is re om .S0 _t hat se.metric can

cal cul at ed. Eg)éﬁf pﬁg\”ﬁxrf‘%f’?ﬁ %?‘afnge 2&3"‘?%'{5?% cﬁénpo?or 2 e" 'm"§ﬁtﬁ’é‘ cl ock edge
that the newalfgeﬁmraq}ch.tgaﬁrei cis witten to the sane rrem)ry | ocati on. By
readi ng and vvrltlng the forward netrics to menory in this manper, the size

of the forwal®liktri Jl%ﬁ?&@swééewl%éamcbﬁeqféPPﬂWé&@é@ﬂCf%zl] Fi gure
3 shows a bl gekilhadhfBR@GE iPRARCRID fHVERRhd Riverde btibPard 8AQMRE usipc O pPor at i ng

the principles and or techniques of the present invention. [002 The turbo
decoder 10 regdngwindelessa froma transnmitting facility such as, for

exanpl e, tati v A into three
bits, 3 6 Apﬁiﬁ613006 '3\6”\,\%/82?‘3@‘8‘3‘ %@Ff’%@%‘h‘fﬁ%ﬁc‘%ﬁh&f 6’9@‘ %@)r

systemati c bidrtesdion AcHietttic opdk ipteyendinver(tiod nag nebide; second parl ty bit (p2).

The splp2 data. is appl.ied_ to regi ster_12 which als cejves extr|n5|c
data read out®®fkom aFrlg‘éS'(?(”’r‘F?lglP ‘ﬁﬁﬁﬂ‘? apgl te'P?f“’B&‘a’h%‘?%@"‘gﬁw JeREeCr i bed,
her ei nbel ow, cAQTRRs FIN BAFard BPIrAVRR thelri@ Rel Vel Gade address register 16.
Menory register 12 thus initially receives and stores the splp2 data, the

extrinsi c daf0f18ppearkigue 4is atimeding afthe erorgprre diduiarelitectire offfieqiesete ext ri nsi c
‘data is |ocat edt at line 16a. The address acconpanies the splp2 data
t hr oughout t'r?ee%'gpcul ations for a purpose to be nore fully described
her ei nbel ow. [0023] The splp2 data is transferred fromregister 12 to

St G R TR e N
o [0020] Figure 3 of the present invention is a block diagram of a turbo Decoder
in which the pipeline decoder architecture of the present invention may reside. Inthe
‘pipelined MAP decoder architecture of the preseit 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 turbo 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,




and ganma () are defi ned. For a specific state and a specific tine step,
has a value that defines the probability that the coder i6Aptl2008t state
at that specific tine step. ‘Alpha is derived recursively starting from

~+time k=1 and noving forward in tine. The value is sinilar to but works

backwards in tinme. Gamma 0 is defined as the transition probability that
the coder Wil 9pye fromstate at a given time to sone ?é'rll%\‘iﬁﬂ( tate at
t he next subsequent tinme increnent. Al pha, () can be cal cu(ate or all

states in a trellis based on the state {ransitio robabi litie
- represented Byna'amﬁ‘amey?%ﬁeﬁ@“aﬁ_ a(ﬁﬂ?%@ﬁfﬂd&?@“ﬁ%&?ﬁm&ﬁéﬂ stage 18 is
stored in reghtsp2 ddta isapbhidd tahiréistért1 2 3dichafbo dtdivefextririBGitad@y cal cul ate-
each al pha and normalize the al pha cal cul ati ons. Each al pha.ég}d val ue is
e

cal cul at ed b&ostnsHtringie mempiy 144 o bameredpldy describod, hereipslpwepnd am ®vi ousl y
cal cul ated al e: jed | Pt 2 1 f; al cul ation
stage 26 tth‘Eg’ﬁ”n‘{? t p{rgg‘}grﬁggégarﬁéﬁ%gﬁ%ﬁglﬁﬁ%,l%gi/ntig}étrl]i ﬁgﬂséémg%ht (8) _
cal cul at ed vadcamss anfistoreothe ppitp2 alatay thgiestribsic d6ta iappeapngatdihetida winkan nput  of

al pha nenor whi ch stores the fiirst ., calc d ,al pha val ue at the first
e T oor! adifess aLiiciihe o 3nsid fiaitdaited, & Bng e T b NG B, | D% o
24b. [0025] Lpypordder thfddghdbt kheddalchfatibhierof al urlodd toPe mdeh fully Weicribed at t he

initial state, the initial eight (8) alpha netrics are set to sone initial
val ue, whi chh¢reinhgdeWi ed at the initialized input 28a of nultiplexer 28 in

order to ena he t %}ng@ £ fnla()%?lg WO« P31023709
PCT/ USOlelGEdﬁ}f(? toc’glg:lggi adta%q% e eﬁé%%oﬁ}?ge%g{?gf ug?&?or a pﬁgt. Ai‘s was

- nmentioned hepgiRREMELstorkd R lo@PhRRoA0a 1S stored in local menory 20. [0026]
Initially, all ofthe al pha values are cal cul ated, whereupon the beta val ues

are cal cul at K928l ut i At Baprvsptior! interbe deqedersihree wapetesy deha . hetréyer se or der
fromlocal gRMBlmel ald defincd, MoPs bpckhic slalaifi a SieRN AR L, Inds QUAGL 1 O
cal cul a FFor the backwar or

performthe ons require S recursive mul a for
- beta. As t hetlaplgiesti prdtabilityr thatdthe podet Bankhansae aythaOspesific 6ad'siept 0 r egi st er

4. i eh, SO e RRly SO A5 BRLRR 35y Pdlpob i Gl Bk ve (i o
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




representing the menory Iocat| on in which the initial extrinsic value

| ocated in the extrinsic nenory 14. The spl p2 an extrinsi 8 At 2006nder go

calculation at gamma cal cul ation stage 36. The output of the gamm

calculation stage 36 is applied to gamm registers 38 and 40. The beta

cal cul ations are respectively perforned by beta ™ cal cul ati on stage 44 and

beta nor stage 46. Initially, a start condit inary one (A
is aga\klbé%}ﬂtjgﬁl nput 42a of rmnultiplexer 42. The norhﬁﬂ?@é’b‘ﬁgeta

calculatlon isinitially applied to extrinsic value cal cul ati on stage 50
through out ptt CF'é\g‘P%ﬁ'@relalg Bhvadyss fasainhar Agpyssinesstioned heigigpbove )| at ed i nput

~to input 42k %2&5‘&91&&9&8%?{0@1%1110@@6' nsi ¢ val ue cal cul ator stage 50
cal cul at es an extrinsic value for "'each tine state k by |ooking at the

al pha val ue [P@6]r egi btl@&llyﬁqudw@lph@@lmampﬁéuﬂat%thfmogﬁﬂm walesie from
register 38 re b th ter 48
recei ved at *§ %ag“d’ a?%d% utii m"f’ gtggséggdg %h%ﬁ %g?a{egéger%{in En(‘:a"c’lﬁgééfassure time
regi strati onndiory 26 (i.6] gmi-ﬁ fitst-biteoréor@)) i rder \tcabetﬁmaheuﬁlaﬂmonm age 50.

[ 0027] The |nterrred| ate val ue cal cu] ated b fi r%h %Pﬁ extrinsic

cal cul at or JeaHyed fasihehackyyands reqyrsive f?rérgalasﬁoé ¢ 3"%'%%%?"9 Hts contents
to the secong.pna@6ry20 iflead 1'3% reﬁ&‘t&r%néhﬁh VdkdAR dopbifiyindtRp2 add@deB] As was
ment i oned herei nabove, register 34 transfers its contents to register 58
which in t urthp extrimpist walue (whichciorthe initial stoge egqrasttoerls 6D as tyell aeélmréqﬁa s of

regi ster bei b he ext s at the
~out put of thep rgse&%ﬁzH @glllyﬁlg?aggva ‘%Jlgabﬁf i l%te%{%'ﬁ's lgt %ﬁﬁe %%g t eg

subt r act i on estriagie nlih@rloﬂg ipeThokpred alextihsic daulnhde&gd tadeulRion eugatmrﬁaZ 6 April
2006 WO 03/ 023709 PCT/1JS02/ 11664 1{)0029 The -extrinsi ¢ val ue obtai ned at
stage 56 i s CRiGRIatRIy stagg 36 heraytpyt eloihe gpipma kalcpfation staes 30c) 2Rilied i t ry 64
conpri sed of aﬁnﬁ'ré'g?s&éfs§I¥%Qodﬁes&efﬁ‘cglcﬁlgu&is%&L}bstpeéﬂeiyb&‘?&inlé& Bdbdiie out put of
second extrinsic calculation stage 56. The operation of circuit 66 in SIHO
circuit 64 whlcplatins stage 48and Ibetarmorgmaélaach@n sehgt 46.| Intielviarstast conditipooB0] The

di fference Qut f, n | i 68 which
applies the énf? ‘%’"ﬁg@é@} $%{P‘ﬁe& %??%Eﬁf?ﬁlng %P%m@gr'r]égnrgrh%%gat 14b. As
was calculation is initially applied fo extrinsic value calculation stage 50 th:ough output

register 48 which further 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 gamma 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.



mentioned herei nabove, |local nmenory 20, in addition to storing the data,
‘parity and extrinsic values, further stores the first ext®Apgi20006al ue
address of extrinsic nenory 14, this address bei ng successively coupl ed
through nmenory register 34 and tinme synchronizing registers 70, 72-and 74
to provide the location in extrinsic nenory 14 where the extrinsic val ue
cal cul ati og Snisdeebe stored, the nenory |ocation data erngake! i ed to
extrinsic nenory 14 at 14c. [0031] As was set forth herei nabove with
reference to exanple _shown .in. Figure 2 | cul.ations for
det er i ni ng Eﬂbgﬂa ar (raﬂﬁée?{ '8?'%53 SRR tﬁ%gf%?i}gm?{aﬁéﬂ%tﬁgc?g#‘l%?’z. [ 0032]
Cal cul ati on fdrdlobe(STHOR ket 64 compribed o apidndip swedlettnniniig dikaitléast hal f -
(k/2) of the first wi ndow.. Al pha val ues are rea t from al pha menory 32
in the reveWﬁ"é"‘BBH@P“‘PPWWF {nsisyalgylatiansiaes .'%ﬁ@"ﬁ?%’?é’fg'{ﬂ“ﬂfes

cal cul at ed dgy inIHONSrcuil 69 WYY sEBbRH iR ghédfer Wekifmitinbeloee Figure 4), are .
simul taneously stored into the nenory | ocation fromwhich the al pha val ues

cal cul at ed di®P3¥lg wi nkhewifference optpuigt diffierenes circpiy pp isspplicskto segistes|68t i ng t he
extrinsic val . j . . ' 0 l[f, in the -
enbodi nment Z\fvlﬁlﬂ—fl Sé#r? %g @.Q¥T¢'ﬁ§%§aa%g&a%@%{ﬁ%{ﬁggh¥H%?R't@ﬁg&)rqg\%}/ §4bé%%cu ated al pha

val ues are sinett@ted hereipabove docalrmianory 20 bdditke 10 alodnig the daka,charitynepdt he fir st

~ Wi ndow. [003)%]_ ln ﬁl?c ubse uenft pai r of w{ﬂr&gow (f.al cul.ati ons, , the nunber
of cal cul at PEHERMED FHRE TRy Grsteympsi SlusAddiemol RIHBRTMgRoTy L req
iterations fgs ada?ésgt&:ﬁgIsn&egsli\%:ﬁzs&fpteasmuélgln%orﬁ Gistdr B arf tif@ad out and

wite in of alpha values in al pha nmenory IS reversed so that, as

previously cendupriziagiregisistsa/Oy & and 94 s providatie ngationde etdrpiq memerdy 18r der  of
last memory \lrvl?eﬁ'g‘ {hle%PmEl%t: Mrlr%esrr%}cill{apgn 2 Itmastc%{'gd, %%%e%o@y fogﬁgmg 2 I‘tl)la?'_ﬂ \gt he

reverse .order fromti ocation to’last and t al ues

det er mi ned i applitto@xidipsic me@OQE4\A0I4231023709 PCTI US02/ 11664 wi ndow 2 of the
second iterati for the forward netric, ,pew val ues cal cyl at ed .at 24/ 26
are read in 8gﬂhos_e AsotassPidhg g‘?‘é‘ﬁ‘i‘%‘? E’Hgé%?[f)’ﬁ'é?‘:&%ﬁ'ﬁé’éa@ﬂ%s &Y read out.
[0034] As WegighledChalite the RRIEBARADRY BoteMiGiNg APt perfdfhdd diAhpihelfag been

calculated, i.e., upon the conpletion of the first interration, this
extrinsic vaimewingoykgd
[0032] Calculation of the reverse metrics () are performed during the last half

(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 during 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




. calculated during the Wi

out of extrinsic nenory 14 and is used during the cal cul ati ons of the next
iteration. Conventional control circuitry, not shown for @éppEb296 of
simplicity, determines the nunber of iterations to be performed. [0035] As
"was described herei nabove, as each extrinsic value is determned, it is
applied to circuitry 66 which determ nes whether the data bit is a Al@ or

AO@ by exaongnel ts anplitude, and when above a cert @cpukdfieghol d is
determned to be a Al@and when below a certain threshold is determned to

be 8 AOG Thifi5% 8Pkt B ickBbifor S ARBl RHhcl R SRS RLIALE3Rflel S _Ter ged
together with the extrinsic value nenory ocation, derive romregister
74 and appl i &drdad immtigee eations from8vhichhépha uilpestarddieingread omwr i tten into a

menory 84. T IHO cjrcuitry .64 wites each bit into a. . nepor | ocation in
Wit on” each QIATs o A5t P Greted hikeiaBpye Y0e i T PG RS Yera

“mul tipl exer &Gidufkdt i.c8Qpsie SoHdtion FBHE Fidét IR AGdE HisSkRinsiB 2alaPBEakie SO as to
utilize all 16 binary bits of each nenory |ocation by storing 16 data bits
eval uat ed byout REexsinsigremasy d¢ andjis ugadrAuring the cpledlatians ghthe pon #eti9n-t hough t he
enbodi ment s |0 F R ' -at 4 ' | al pha is

GOl co D Bt BB R ARy pRb REBTARPARE, ol 68 712
| att er port i ombef oftifeetibnsrte be pgrfedimed. it shoul d be understood that the al pha

and beta c¢ ations may be reversed, as shown in Figure.5 while still

dori ving al 14 bendk P desgioe RECERBSH AR PTGt P B TR P nanely ¢ he
si gni fi cant | apph&itd €lririy 66 whith abtbadihdwhetheBe afta BR1id a A3@Por HYP beduction in
the menory requirenents for the turbo decoder of - Figure 3 as conpared wth

present day exeeipsgiesnphinge. 498 arhsp above Ficertaip dipsheldipdcterpineddqbe pr esent
I nvention e”ﬁg}g i \thntb@l%h'arc r‘%hg floid Is2e J&io?éjﬁ(\i,@!; O‘wgs's’éa%ﬂﬁk«?’ the data

may be proces usi ng three w ndows, Tfour etc, which
provi de f urtaheis applihde¢ regiser Véandesroergedsogather Wb the xginpdieyaluesnampry our ( 4)

w ndows results in a nory. Si t,hat,.i,s 3 the. memnmrv.Size conpared to
or ocessi ng. wEen 16Yed KeBYsekset {4 and aplicd Toy meree Riscliy Mo (58 OGBMERIB 23709
PCT/ US02/ 116641eh Q3 &l mérh@yi1se. 4rha|SIHOI dircui l6atvaies'vavh bit ent b pdnidie

cal cul ati ons woul d be, i o o .
location in which each row is 16 bits wide. The merge circuit multiplexer 78,

multiplexer circuit 80 and output memory read register 82 operate so as to utilize all 16
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.



performed if the data were divided into two wi ndows. Negl ecting the size of
the |earning wi ndows and nunber of tail bits, the |atency6Apric2(h t he

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 reduced by changing the wi ndow size, nunber of W ndows, and |earning
Si ze accor dvengsnizsrod he anount of data that needs to be prosesaed. [ 0038]

Al t hough the above-described architecture was devel oped for a turbo
decoder, all ol uty c 2 o) -The l,cyl ati on of
the for mard[%?ri Cs ir?%&eb‘gqgsgl @u %&gg]og{;fdgfgp%@ga ;F%}antl ewgg]\clleﬂ?jcse metrics.
The reverse penfdrmed 3f thodatd wee: disilded inat b Windows. Heglecting thetsive df elienar d
metrics can be cal cul.ated while he. gut put cal cul ati,ons are rformed.
This can be SeEUIUMAEAIEntEof o1 b1 Badaishpeioygh PO dl e, of

Fi gure 3a wheygioW dedbdet infthis@Rtatiple skprégbidngl @, IDEKas oppdsedikedt Rin el cul at | on
bl ock 24 is a beta normalization calculation block, nenpry 321 is a beta

k
menory; cal c&mpleshaingpindewarchiteequrg, {.aznpyen bareduted by 6‘?1*“51"6{*4% vadeWcal cul ati on
bl ock 461 isgan nt%?é?%f RGBSR hEcﬁEa’nﬂﬂﬁﬁ?é a%éﬂr@ih%gﬂhgn&%ﬁ (ngigtgtﬁﬁl nebdl® operation

of t he enbodi nert o Igure 3a IS otherw se substantl a e sanme as the
enbodi ment ofoteipgemese®. 8 6 April 2006 WO 113/ 023709 PCT/ US02/ 11664 CLAI M5

VWhat is clai is: 1, A hod foy cal cul ating forward d reverse netrics
required for _3@|rfor n?"r",ﬁ“gﬁtthS ﬁf‘{eﬁc 5@‘?38W%t%asoa§?%??ﬁ%&g%%y st at es
of received gécgda 8l corVORMb 8ddedcdn@e BhAP Uecode”) TREEANQNATRGS ke forward
nmetric calculations in two stagles, wherein a first group of the forward

metric cal cufosyird et ey diecalcalated befarepr plterdhe syasrempteics ollisderysea  second
group of T o gkl TRid UeCab A hRL bRl Al LFELLALRT LiloduafgRd ot ace;
e cal cu e

(b) reading t orward netrics ated during t Irst stage from
the output calculations are performed. This can be accomplished as shown, for

example, by the embodiment of Figure 3a wherein calculation block 241 is a beta
calculator; calculation block 24 is a beta normalization calculation block, memory 32 I
is a beta memory; calculation block 441 is an alpha calculation block and calculation
block 461 is'an alpha normalization calculation block. _

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

the same as the embodiment of Figure 3.
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menory for use with reverse netric values to performthe out put ‘
calculation; (c) performing the reverse netric cal cul ati-on8 Aprl 2006 second
stage, following the first stage; (d) perform ng the second half of
forward netric calculations as said reverse calculations are being
performed; (e) storing each of the forward netric calculations perforned in
the first wetdgssand (1) witing each forward netric eargshaiey during the
second stage into a nenory location that a forward netric cal cul ated
during the first stage is being reagy,a4yg for use in an output calculation.
2. The nethod of claim1 further conprising the step of perform ng output
cal cul ati onsWhhiib claimed it he forward netrics calculated in the first stage

and the reverse netrjcs calculated in the second stage. 3.. T nmet hod of
claim| wherein $tepd (r?}h"grfér f"‘ﬁlﬁ“ aé'F’ér}?iB’Pfdo?'ﬁeﬁverﬁerfﬁ’F%ﬁ?? ﬁ°§“58£gqhmn cl ock
edge of a cl gghenfingnal cutpht cdib@atioRt B ARteRhing by datbdibf FREivEDBRAAIST N

performng reverse netrics in ~a third stage foll owi ng said second stage
for use w t heoampEsNghgesreas ofetri cs cal culated in the second stage for

- perform ng out pug,ycal - joh iz ; L ril 2006
00 037 025506 Perend? ’llﬂiaafq @iﬁ"%’i‘%ﬁ“ﬁ%ﬂ%&%‘f@g"fﬁﬁﬂ%%ﬁﬁ”‘%‘?i‘g@‘?ﬁd t he

reverse mnet rgrosp daheiohedré thettigrerlvgatidne arelralcdlated ingefirsGitaga fotiowed tiy tor decodi ng -
a transm ssi on recei V(tag fr mg.re[m%e I catiévan ‘ i ch ingl udes data bits
and associ at FPPA PP [ryed Brgisgice “?ﬁig‘“ﬂéc PGS R8T se in t he
transnissi on chapyyel redaRBnhé Forirvgrdt Mewisd eNGulAéd dbrig Gal Mt stdden@omduring a
first tinme interval, a forward netric value for each data bit and its
acconpanyi ngmeBaerY §F st With regeres peteic Falumtaparfosn dhe wuberlqutiani on; (b) storing

each forward net (cb c ¥:@rlféfﬁirlg'?h&e$ér§e§&cnﬁ%g|%i¥tions in the second stage, following

the first stage;

(d)  performing the 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; 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) storing each received data bit and acconpanying parity bits in a | ocal
menory as they are received; (d) reading out a forward neté&iAprivaiOge from
the first nmenory during a second tinme interval for cal culating an
extrinsic value; , (e) utilizing the data bit and associated parity-bits
previously stored in nenory for calculating a revérse netric val ue during

sai d secongyhiggsmbnterval; and (U during said second tipppykidhfsyal
‘calculating a forward netric value for data bits and associated parity bits

recei ved during, t second ti interval and storin ach fo rd netric
ol oal ourcatdaed Spmiehe feedndBagh A g Bverat RrDh el dieaBRGE OIS oL T
which a forwagel netric value is read out during step (d). 6. The nethod of

claim5 wherein the data bit and associated parity bits read into the
| ocal menory during step (c) are read out of the local nenory in reverse

order for use inscal %ﬁh?ﬁ&dﬂr&&@diﬁ?é(%ﬁﬁs@ﬁh'}éc@i%dﬂomIP&nd?@fo@QQuOf cl ai,m 5
e orward

wherein the cal cul at metric values are read out of menory in
reverse of thichoincledesidataviiifs ehd assecidted paxityl bitssandivehishahanebe commipteddt i nt o

menory for use in calculating the extrinsic valye. 10 6 April 2006 WO .
113/ 023700 BEH? IS FramsmisTion Chael. RIRRISIENE P80 5 wherein Step (a) further

conprises perf or@) ngcacul g turitgh Gttt fink Gifered), ~Faivardhatieic bilbe fReacAssoCi at ed
parity bits prior to calculating.a_ _forward nmetric value during said first
tinme intervapta by andHeacepmpaayingparity dithveseived frofep reRsmbTIofilofgien| cul ating an

initial extrinsi Vahiis L5 RiwaE ol MRR if PEWeREmBRt ric value, a given
reverse netric v(g? ue aﬁ% a given "%at a bit associ ;a?%i:l. parity bit. 10. The
met hod of cl ai m(@) whetomigeacheceixed data bit andedcommpagyiog paréy bitningmlocalxt ri nsi ¢
menory. 11. The nethod of cleadi_ m 9 wherein the step of storing the extrinsic
Val ue memory as Y are received, .
(d) reading out a forward metric value from the first memory during a
second time interval for calculating 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 in a 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.




includes storing the intrinsic value in a nmenory location linked with the
data bit wutilized to calculate the extrinsic value bei ng §Apri0612. The
met hod of claim 10 further conprising the step of extracting the data bit
and associ ated parity bits fromthe | ocal nenory; and perform ng a ganm
calculation on the data bit and associated parity bits during the second
time interyghsyh:9%o Use in the extrinsic value cal cul ati payyshdssdne NMet hod of
claim12 further conprising subtracting a data bit and associated parity

bits read out ofgtheo [r%lmr- [l | ' | fromthe
initial extri nsisc vamee&%po talrxnsa %c%t&g%tfgﬁg%%g%wﬁlw%he met hod
of cl ai m 12 ghnimialeslculatonpsn siddatalbit andndssdcimedepaldityntitsyprist ttalcohting e out put
data of the extrjnsic value, calculator.to ke a hard deci sion regarding
the binary fQMat ,etﬁﬁ&“*%"t‘ﬁi’\“ﬁé“&ﬁé‘“ﬂ'&?ﬂ“% ision output in a nenory. 11 6
April 2006 WO 03/023709 PCT/US02/ 11661 15. A nmethod for operating a turbo
decoder receiving data bits each acconpanied by associated parity bits and
whi ch may be cor% upt & methedoficlein§ further Coglpéﬁgg@xquia("%a'ﬂé‘l"i']&?“iﬁ'ﬂﬂb forward
metric cal Cubl babPod Dl diGoRHFERAN: Yilud, b FRech GRS vihahah Bivee group of
forward netric Carcul B8 ond " are cal cul af inafirst time interval

fol | oned by data dassociated paity biter val ; (b) storing each ofthe forward netric
calcul ations perforned during the first interval; (c) reading each forward
metric value calculated during the first tinme interval frommenory for use
together with a jpevefRemelmbl iof clith Wewhdieif 3he dhiahdin Gala is @orkd fimaa ¢ val ue;
(d) performing reverse netric calculations, during the second tinme interval
and after céxph8ememoRt the forward metric cal cul ati ons performed during
the first tine

11.  The method of claim 9 wherein the step of storing the extrinsic value

includes storing the infrinsic value in a memory location linked with the data bit

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




interval; and (e) witing each forward netric value cal cul ated during the
second time interval into a nmenory |ocation fromwhich a 6épu0®6netric
val ue . calcul ated during the first time interval is read out of nenory. 16.
A turbo decoder for calculating forward and reverse netrics required for
performng a calculation to determ ne binary states of received signals’
conpri si ngvohsezzsbeps of: (a) generating a nenory | ocakcrooseemedn extrinsic
menory; (b) receiving signals conprising data bits and associated parity

bits which may pe carpERbe doD¥peifing S Ribd A&olidkRecitifg dabilsN@ch he data
bit, associated parity bits, a nenory location and a starting extrinsic

val ue; (d) . eedospanied hyasodigtedsparigiebitsaind wdrciamay becoprppted; spmprdsingtbed on sai d
data bit, associated parity bits and starting extrinsic value; (e) storing
t he forvvardsr‘?Bf?ﬁ!'c value calculated into a forward netric nemory; 12 6
April 2006 WO 03P 23gébrninkfdisaid/ nichidealculatipnsiiea sagretsie tieliaervas ed f or war d
metric value fromnenory for use  together with a reverse netric value in
cal cul at i on “erepneerqup REfopvardmefzic c*(lb‘)la‘@ﬁi‘ﬁfﬁﬁl?’rﬂ"“g‘{‘ﬁﬁgm( Gije 8t for

cal cul ati ng f@1c%RA89Y s&Bhd Ghe iy d  netric values while the reverse netric
val ues are being calculated; and (h) storing each of the second set of

forward netric v& uedoringcachafihsfyrwerdgeptmicralculiions performpddusiagibe 56 i n whi ch
one of the E:it%r%l- set of forward nmetric values is read out for use in
cal cul ation of a’reverse netric value. 17. The nethod of claim 16 further
conpri sing; readcng ieBding @ichafobivdi® inidntc valbel esicdated dirimet®rfitsti time¢ ever se
order fromwhich they were read into nenory for, ca.J cul asi n of reverse
metric val ydyerval from memory for use together with a reverse metric value m calculating an
extrinsic value;
(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




18. A turbo decoder for calculating forward netrics (a) and reverse (p)
metrics required for performng a cal culation to determ ne6l#prib206st at es of
received signals conprising the steps of: (a) receiving signals conprising
data-bits each having associated parity bits, which signals nmay be
corrupted by noise or the like; (b) generating a*rrermry | ocation in an

extrinsi c wBighMbor storing an extrinsic value; (c) s$bpikigigyfirst data
bit, associated parity bits, nenory location and a starting extrinsic

value in a first Gema () cGRLES T ol ! PN 5] g2 U DRSS

on said data bit,; assocl ated ari brts an I ng ext insi ¢ val ue; (e)
storing the tbg&tmmthmvemmmimlwahmh%edofmaﬂmmmh@ metric nmenory;

(f) reading the Icula ed for alue fro forward netric
nmenmory for use t etl‘f@lp‘wnﬁﬁteﬁs ggé 'Bg??fcglb({%h‘ft}g? an extrinsic
val ue; (g) aﬂa}i@wlﬂ&vaﬁlem&ré@}se%&ﬁ)vai@&m@%ﬁgbﬂ&um&,andl rst forward metric
value of a second set of forward netric_ values while the reverse netric

val ue i s being cfculsiriageach ghthe peppndssebef fagvardmetric valpesiganar d netric val ue
of the Seco;}?%rﬁcérgll&gnolﬁwl'ﬁclﬁgﬁx'ekan?eo&g ;A’\Q:ﬁl&(e%fﬁne% irsk Set 91 fo ngr«ﬁ-ﬁgg'{cllGGA'

forward net ues. in sanme nenory [ocation as one in which one of
the first setaluesfs réarontfodusest calaulatmh oés raverse madiicsalue.f or use in cal cul ation
~of an extrinsic value. 19. A turbo decoder for calculating forward and
reverse netrics required for performng a calculation to determ ne binary

states of receivefd SiTeERk&oENAUiNSi6Tather 86mphisidgt Nsi ¢ nenory; first nmeans
for generating a menory |location in the extrinsic menmory; second means for

recei ving si gnal sadingibe foswarg mpsricvalies QUL EIsMER P fRyeHe Shder fleehichar i ty bit s
whi ch _may b Qhéiptﬁléry R%tag %tcpéﬁerﬂ&'ysiﬁr cgrcufaﬁgn J}f rgw?ersc metric values.

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
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third neans for storing the data bit, associated parity bits and nenory
| ocation; fourth neans for calculating a first set of for@apd 2686ric
val ues based on said data bit, associated parity bits and an initial
starting extrinsic value; fifth means for storing the forward netric
calculated in a forward netric nenory; sixth neans for reading the

cal cul at edwhasmar@d netric fromsaid forward netric newreixsdAlisckiSe,
together with a reverse netric, in calculating an extrinsic value; said

first, secon {ﬁé}ﬁnkmc%ué@ﬂﬂé_s&ﬁé .%Fmggindwmge&%%&%w&ﬂa&xﬁ&d metric

val ues while e reverse netric valu are being calculated; and said fifth

means i ncl udefifgrvasdmnetrit valusstipreathgutderasoin calealagecefiad exteinsioyalior ward  metric
values in the same nenory |ocation of the forward netric nenory as one in
whi ch one of the first set of forward netric values is read out for use in
cal cul ation of ag ey fibvddetodeifor@lculfing Bndrdindievetse alRiicgiequifedfortuse in a
turbo decoder for_ calculating forward and reverse netrics required for
perforni ng apetrpiaeacaleHatios todetermnetunasy sates of ggcsived sighals compEsgy si gnal s
conprising the stepsuof. fadogtoring a first group of forward nmetric values
in said menory in a given order; (b) reading out stored metric values in an
order of 1ast calfictiineans dortgondratingta meyedry locationdn thamgriasic giempni | 2006 WO

03/ 023709 PCT/ US02/ 11664 (c) stori.ng,a second f. tric
val ues in a gi vef8FHR?S 8?'3‘6'?‘5%?%%?“%% %%lgtégacf(ﬂ?%‘r"véa\rg%{c%é ric val ue

of said secongingki@whidhSnditeiceauptéd By noie WPty likgcat i on from whi ch the |ast
cal cul ated netric value of said second group is {qe%g out. 21. The storing

techni que of cl aftfdzsansfprsRsinedisdaiidy asepciated pasiiy memoEX Jacaligfnet r i ¢
val ue based on t g f Qlu@" Rblakifig ¥ Alsti&t 568N ek vatues based on said

data bit, aséociated 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 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

14




menory. 22. Apparatus for use in a turbo decoder for cal culating forward
and reverse netrics required for perform ng a cal cul ati on6tAprid2d0ér m ne

bi nary states of received signals conprising: a first nmenory for storing a
data bi't and associated parity bits; a forward netric nenory; neans for
calculating a first group of forward netric values based on said data bit
and associwvabesiapasity bits; nmeans for storing said firgtrnghoupesof forward
metric values in said nenory in a given order; neans for reading out the

first group of store ri I Sl MY in laMbiddd ghder of |ast
calculated to fi@gt ca Iala%gy(f;g1 #@%’n?@g}&cg%t roll'i ndn garglgéarrean’s for
cal cul at i ng vierebgladint ableulated érwomrd ngrrioyahefof sdid sewmnd groep is storedinues f ol | owi ng

cal culation of sajd first gr.qu f tric¢c values: and neans for. storing the
second gr oup&steTY F%Pcfmﬁ‘e‘?l?'abg?/gﬁ&é “1?59851'351"\78%&865&&36 Hgg"é'Pds f orward
metric menonyad gdhereby a first calculated forward netric value of said

second group is stored in a nenory |ocation in which the |ast cal cul ated
metric value of said first group is read out. 23. The apparatus of claim

22 further conprisi ng; i .during cal cul ati on of
said first gr oupilc')f ??f%&ﬁg?%f“q@%‘g’?‘(ﬂ%ﬁ8@%@7‘8’%""%@*‘#@02/ 11661 forward
met ri ¢ val ueslculatingey everee metrici value dhsed doabe troardihericl salae bad oghdf associ at ed
. parity bits read out of said first nenory. 24. A nethod for cal cul ating
forward and™ P& se nmetrics required for perfornming an output cal cul ation
to determine binary states of received signals, conprising the steps of:

(a) -performing the reverse netric calculations in: tw stages, wherein one
22.  Apparatus 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: |

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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group of reverse netric calculations are calculated in a first stage .
foll owed by a second group of reverse netric cal cul ati ons6@erinp08al cul at ed
in a second stage; (b) storing each of the reverse netric cal culations
performed in the first stage; (c) reading the reverse netric val ues.-

calcul ated during the first stage from nenory for use in the output

cal cul ati oRio 03nbHde performng the forward netric cal culpatriv@m@iiess

after' conpletion of the first stage of reverse netric cal cul ati ons and

e ovor s TR ATl { RYELERARNENE afBoh A LB imPocktda | |1 N0

each reverse ric calculate uren e second stage Into a nenory
| ocati on t haparhy bisresdset afdaid forstasdneony.at ed during the first stage is being
read out for use in an output calculation. 25. The nmet hod of claim 24
further conprising the step of perform ng output calculations utilizing

the reverse netrigs cAlpddodt B chiulith foivad afd adersenftidgedudeadd netrics
calculated in the second stage. 26. The nethod of claim 24 wherein steps

(c) and (e) perforpingfao onipnt calepiatn togdaterminentinary (stater ofdgreived signglock signal .
27. The net hod {S}ngl is@pggﬂfurther conprising performng forward netrics

. . O . .
in a third stage I'T'owng said second stage responsive to the reverse

metrics cal cul at ¢5) iperfoineéngthe aevelrss iegE; caknbitidit iff twApstages, 20@GiVhel 13/ 023709
PCT/ US02/ 11664 perform ng. out put cal cul gtions utilizi e reverse netric
val ues cal cubQPRY YR m_ﬁ*"t"ﬂ%‘%@%‘a’aﬁ'&%F@@‘éggﬁﬁi‘ﬁégef?}p‘%gbB? ?r%ef’?rfd{: val ues
cal cul at ed dpbiypsf e@selnhbtdicaldufi@ibns béthg caltuli®d hodketahd seggodi ng a

transm ssion received froma renote | ocation which includes data bits and

associ at ed parit ybloi tstoringgashefdhe rgrshmetiscrigpladons pgriommst ds thepfigt o

transni ssi ongghannel , conprising the steps of: (a) calculating, during a

first tine int®fval, a reverse netric value for each

(c) reading the reverse metric values 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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data bit and its acconpanying parity bits received froma transm ssion

| ocation; (b) (c) storing each reverse netric value in a fBrApril 2608or y;
storing each received data bit and acconpanying parity bits in a | ocal
menory as they are received; (d) reading out a reverse netric value from
the first nenory for use in calculating an extrinsic value; (e) utilizing
the data bwbeamdeassoci ated parity bits previously stopegudotnicie | ocal
menory for calculating a forward netric value; and (f) during a second tine

interval, cal cul atkng: Il - j associ at ed
parity bits receﬁé\}g@g ggroﬁﬁ)ég%ﬁcgiagg%odrt\‘gmp?Iﬂrr%%?‘tne?ggr va @‘éarll S%?S@?g% each
reverse net rduting the sezondsitaps hed thelfotward metrit hBues edardded duning thathid stage. i N a nmenory
| ocation of the first nmenory in which a reverse netric value is read out
during step (d). 29. The nethod of claim 28 wherein the data bit and

associ ated parityg bi Smeth®P@r dddbding \@ankMiabn RBIVIN oM beRBteIb&EBok C) are read
out of the | ocal mem)_rF% in reverse order for use in calculating the
@

extrinsic vavhieh i“@_@‘.‘es ‘Wé_laﬂﬂ)éﬁs‘éffat@ ;&rim bity apgh avhish nayrke cosyriedbY net r i c

val ues calc otk Eﬂanshlr&@'orl'cﬁéﬂn 1t rikiﬂéﬂ{e\éé s & € read out of Menory 1 n
reverse of the order 1.n mhlc L%e everse tric values calculated in the
second tine intefayal caledatmgathringt Grshim® inyerval, a révefgemidiri2@06 fMBag8/ 023709
PCT/ US02/ 11664 .31. . The nethod of el aim 29 further conpri si cal cul ating an
ot ot e vaRtbT id uireBRpa e puy B it o 1 wegmigen st 0 o er o0

metric val ue andbp Obt¥gil Aok Rverkd hetdd thlgsin aGirdhRehopar ity bits. 32. A nethod
for calculating forward and reverse netrics required for. performng

cal cul ations to @bt ef'piineceaph rragiyedsdaty hitandfacqogpanyjegipasity bl 18 a le@hpr i si ng:
(a)perform qlge"?m;gsrtﬁéyagéggavaf’ forward netric cal cul ati ons during

(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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a first stage; (b)storing the first group of forward netric values in a
menory; (c)performng reverse netric cal cul ations during at6#edbiost age
following said first stage; (d) performng a second group of forward netric
alculations as reverse metric values are calculated during the second
Stage; (e) reading forward: metric values of said first group out of
fl ocations wodarmdéy for use with the reverse netric valpgemseahsayl at ed
~ during said second stage for perform ng calculations to determ ne binary

: states of said ragei ' ; -0f | |.at-i f said

": second group of ? g’r m@%m@og;agéiéglzgggm %C%Pﬁgggé%?#gﬁé#gte%%%&%er se netric
val ues are bbasedjorcagieer fatvenld inatrit Relus @ ghied revetsa getricwhloe efila greamhiataor war d
netric val ue .caldfcul at eg duri the second stage is stored in the same
| ocation t haP 2NaStaRaIg PARY P val ue cal culated during the first stage is
being read out for use in performng calculations to determ ne binary
states of said received signals. 33. Apparatus for calculating forward
and reverse netriés rhdisthoddor ealculasioe ffopyerdandareverse pstrics asquredifdron to

det erm ne bi ﬁéio\‘mﬁi A 16Safths Eo%ﬁhyﬁgp@ag@akeépfreeavw&ti%iaﬂ,géommgg. for

performng the revérse netric calculatirons in tw stages, in one
group of rever se@ret pedomdhgafiat growpsof dorvagiahenit edladations duribgr st st age

foll owed by a.second group of reverse netric cal cul ations being cal cul at ed
in a second 3f5L#E%18 6 April 2006 WO 03/ 0237119 PCT/ US02/ 11664 neans for

storing each of e rpyYiagaR MRfdup oERNeAH aleirRNaIBET GRdmRGy; N the first
stage; neans for reading the reverse netric values cal culated during the

first stage froff) mePsiymTiRg reyrsse mefriqqalculgtiensdirioga seaendisiagpfoliowing
' said first stage;

(d) performinga 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 forward netric calculations after conpletion of
the first stage of reverse metric calcul ations and bef or e6#pal Z¥6ond st age
of reverse netric calculations; and neans for witing each reverse netric
cal-cul ated during the second stage into a nenory |location that a reverse
metric calculated during the first stage is being read out for use in an
out put calwabatzson. 34. The apparatus of claim 33 furtpherrussemnasd Si Ng neans -
for performng output calculations utilizing the reverse netrics

cal cul at ed 11 1 Diednk fo? biofhAGhen B1fk deliise hALLRNGIIBA! JefiBrielif e AED 1 1 L he

second stage. 3 e apparatus of claim urther conprising neans for
~perform ng sfageward netrics in a third stage follow ng said second stage

[ to th . tri l.culated in the. , d
reans. Tor - perf or ARG DA Balrtarubrohdees oy EHBE PRV e 1|
val ues cal Gihpietod s R@inttheoing ediéhigioage and the forward netric val ues

calcul ated during the third stage. 36. Apparatus for decodi ng‘ a
transm ssi on rec@?%ﬁ)@?@ﬂnalgr%%p@m#watqfakulamseﬁeﬁqemplfae%o B¢a bits and

associ at ed pagidye ﬁrév%rs@mgtrmxe&latmmﬁﬁ)e@% fht BB e oPRUGHE: thakit he

transm ssi on. channel ,. conprising: neans for calculating, during a first
time intervahleulationsvawdse nmetric value for each data bit and its

acconpanyi ng par.it its.received froma,transm.ssion |location; a first
menory for stor i'ﬂﬁxﬁgﬁwl?negvc@(r%slgv%ct'?? 1C Gl e‘?dsc{zgl}m%c%f’ec?r%ﬁargﬁ WY storing
each recei vegnfday Bcddioh thantde e tich B ted dtriigthdFirktStagelifbdinghpid dut 2006 VO
03/ 023709 PCT/ USO2/ 11664 neans for reading out a reverse netric value from
the first mbSF¥syinRgeupEleaichlationg cyl ating an extrinsic val ue; means for
utilizing the data bit and associated parity bits previously stored in the

| ocal nmenory for calculating a forward nmetric; and
34.  The apparatus of claim 33 further comprising means for performing

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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means, during a second tinme interval, for calculating a reverse netric
value for data bits and associated parity bits received déripit2@d8e second
time interval and storing each reverse nmetric value calcul ated during the
second tine interval in a nenory |location of the fjrst nenory in which a
reverse netric value is read out during step (d). 3%. Apparatus of clain 36
i ncl udi ng meangezbwy readi ng out of the | ocal nenory thectet@dnlki and
associated parity bits read into the |l ocal nenory in reverse order for use

. in calculating thgefXrirding oied MeerYméBadn i dm TR mentory foPfsedRPar at us of
~claim37 further conprising nmeans for calculating an extrinsic val ue based

on a given f corisaladhgratexirmsivablues, a gi ven reverse netric value and a given
data bit and assocjated parit its. 39. r at for. calculating forward
and reverse net rirE%a"f’g) ﬂ@?zé'@tgeo&tabbt@ﬁ%swﬁ%%ap&%ﬁy@ﬁﬁ Pg?‘{‘%%@“&’ CARPE T i ne
bi nary st at edodaf méagifmadiclagnds orw&o Metricsaddy: neans for performng a
first group of forward netric cal culations during a first stage; nenory

- means for storingn#f® df‘_f'?%"ts"'&?"é‘diﬁ“e_cﬂ“e’f"ﬁ‘r %?%CWBPEP"%? metEic valEaie: for
. performng r %ﬁbﬁﬁam&%bﬁe&arﬁyb@&&n@d@‘mdg%s@coa@ﬁmemé&mmi@g' owi ng -

said first stage; neans for performng a second group of forward netric
cal cul at i ons eagh reeayeer metric yalue cajculated dwingrthe seburlifime. éndervl rin agnenimey second

st age; neans . T i r tric values . sai,d first greup out of
| ocatirons in lgcgg?"d)?ﬁrr%rrﬂgsgﬁ © 8%&9’3%3{ vg'isﬁ'éler"&)%&s’és rer?éit% lr'tld(':m‘\]/%ﬁt%é@ cal cul at ed
during said second stage for performng calculations to determ ne binary

. states of said received sign ;. and 20.6 April 2006, WO 03/Q23709
: PCT/ US02/ 11664 ne'dns mmé\?so‘?fi%mc% giding ranpfor Ledimewt ghire dedlip of

o orvard netrigeméd) Medata Bid hhd Bisctididd Parity b rdallGntb BMGERPMERbY i revakdles are
" being calculated’in the second stage, =~ whereby each forward nmetric val ue

cal cul at ed dgrdenigr vigan sdeuwning sheagtnnsic valupbersad-poly mganssane | ocation that a
forward netric value calculated during the first stage is being read

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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out for use in performng calculations to determ ne binary states of said
received signals. 21. . 6 April 2006

WO 03/023109 : PCT/US02/11664

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.

21,



