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BACKGROUND OF THE | NVENTION Field of Invention: -4 This invention rel ates
to wrel es eospioni cati ons systens. Specifically, the presamyusosenti on -
relates to nmenory-efficient turbo decoders enployed in wrel ess Code
Division Multiple Access (CDMA) communi cations systens. Description of t

Rel ated Art: Cellul ar-tel ecomruni cati ons,systens are characterized by a
plurality of nobile transceivers, such aé nobi | e phones, in communication
with one or nore base statjions. Each transceiver includes a transmtter and
a receiver. In a typical MEWMTW@MGQD@& o frequency (RFC
 signal is 20 25 30 received by an antenna and downconverted by an RF
section to an Internediate Frequency (I F). Signal processing circuits
performnoise filtering and adjust the magnitude of the signal via anal og
automatic gain control (AGC) circuitry. An I F section then m xes the signal
down to baseband and converts the analog signal to a digital signal. The
digital signal is then in r further signal
processing, such as turbo 'deco |%&ﬁﬁggqgﬁﬁgg¢qggﬁggfg?ﬂdata. Simlarly, the
transmtter receives a digital input fromthe baseband processor and
converts the input to an analog signal. The digital input signal is often a
t urboencoded signal. This signal is then filtered and upconverted by an IF
stage to angin i.ate frequency. The gain of the transmt signal is

adj ust ed an§m¥%§f ghﬁ%'al is converted to RF in preparation for radio
transm ssion. - ~'v WO 02/ 069i 03 2 PCT/US01/51~3.t The |ink between a

transmitter and a receiver is a channel. To increase system capacity,
recei ver® in t he Thisonyantiongelatssdo avigelpsscomumpunications syatemss fSpeeificalyy per at e
at 1 oner S BRabaiRudnibR et R e CmERbE 8RR Alrbo Mecbfifts %@6’5? R
must be i ncFeased. peci al coding schenes are often enp &3 t'o reduce the
requi red Sl RodSDBasion yyldltipledorers(CDRNMA) nemsiugivationd systeinses t he addi ti on of
redundant information to the signals. By strategically adding redundancy to
comuni cations signals transmtted in noisy environnents, errors introduced
by a noisy ph €ibn 8f he'rRO4eEA: 0 a desired level. As shown by d aude
Shannon in . 11 the 1tnftormation rate of the comrunications signals is

| ess th&h the channel capacity, the desired noise 1o level is attainable

W thout a reduct t‘gﬁ'ulgrf télggorﬁrﬁal%aa cgnlsogys e?rtlse 'areI fch.gu%gtLel{rllgéaci1 Cﬁ@ Iaspl'?fr:)atli'cy of

mobile transceivers, such as mobile phones, in communication with one or more base
stations. Each transceiver includes a transmitter and a receiver.

In a typical CDMA transceiver, an analog radio frequency (RF) signal is

20 received by an antenna and downconverted by an RF section to an Intermediate
Frequency (IF). Signal processing circuits perform noise filtering and adjust the
magnitude of the signal via analog automatic gain control (AGC) circuitry. An IF
section then mixes the signal down to baseband and converts the analog signal to a
digital signal. The digital signal is then input to a baseband processor for further

25  signal processing, such as turbo decoding, to output voice or data.

Similarly, the transmitter receives a digital input from the baseband processor
and converts the input to an analog signal. The digital input signal is often a turbo-
encoded signal. This signal is then filtered and upconverted by an IF stage to an
intermediate frequency. The gain of the transmit signal is adjusted and the IF signal is

30 converted to RF in preparation for radio transmission.
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enployed in a noisy environnent, error-free performance is difficult or
i npossible to obtain. To inprove the perfornmance of a wrel ess
conmuni caw@esnessst em i n a noi sy and Ral ei gh-faded envi r ong@ntiso1/s1434
interleavers follow ng signal encoders are often 15 enpl oyed. An
i nterl eaves spreads the codewords output from an encoder so that individual
bits of a given codeword are separated and transmtted at different tines.
Consequently, bits of a given code experiZzence i ndependent fading, where the
bits affected by an error burst belong to several codewords. At the
receiver, receiVerheSifktdtweaPlr&sensttter AR Neesivaay adhbeiedr FodReoskRPstem

» Several types of interleavers exist, 20 including diagonal, convolutional,
i nt er bl ock, caparityl sekivertinthempbile stafforpandchrge statiprs must effectyely operafecat

 one.or ror e 1086 SRRl RaG! USHERE e SR coae HaRRero e B Y
enpl oyed t 0 jhd¥RARY € SPECiAo8DBERMENEe biter &HPlYed REreHSSEhE eutRSIRUN bO

codes are often decoded with an interative algorithmto achieve |ow error
rates 255at si gndfoding rfor enuBNRyations| signalp pinvelyhs ribe t addi®dmmforedundant. As

an essential._part.of the turbo ¢od code interleavers and deinterl eavers
nust be i nsé?fg’gaatb@[ We&’ﬁ sﬂﬁlﬁ o#ﬁ'oﬁiéaﬁ?gl ea‘@ﬁ%f]%“ed%éi r}aecgggxéprgganons
respect i vel ¥jondRera@mt@id RN sy Enittnrents) @RSr<IRRBAAEAMY hhRidyeHahhelae
structure of the code interleavers. Good turbo code perfornance can be

achi eved by rediiced to adesiteddeval s Asashiowg selabde Fhammomis tlPdd;tifi thesinfagmation

wirel ess CDVA c ni_cati.ons._syst 0 .engoder.s of t.en ,npr oduc ar al | el
boncnt onat 1 SE OL B oA Rk ¥R fest R 4 SR CerBhd A o RRHFEn8RL S
02/ 0690303 RVEl iShtldimmbia3withoiited tetiav@sh ve R iafsin@tioh haeC Qﬂ@eduﬁhﬁmcﬁﬂ‘é QT S
typically include one or nore convol uti gnal encoders connected through one

or nore i nt FIPERYed R a npisy eayPRBEYneregired pasEormanesiisrdifficulirasiimpossikie teles

i nner and ouL&F Logarithm c Maxi mum A Posteriori (|l og-MAP) decoders
connected in arl'oop having an interleaves 5 and a deinterl eaver. The | oop

i mpl ement's an i t @odkdpréeveathe peifofimarice of ppwindessaiotnrAuniogidnk kgstendad wsy o
(LLR). Conventionally, if an LLR > 0 {ehe decoded bit is nost likely 1, and
if the LLR @nd Ralgjgh-fadedqenyitonment ipjrsieayqry dpllowingpsigndl eproders MprRften he
decoder ;out it her - j LS

rocursi 42 praplyEN. TR fteheflor SpRale RICERRN AR Suddl foftPah ShRdier SR

Al gori t hm aimdivided] (hits of tangi véi0 codestcad @es saphratdteantetransmitied audifferent tiores.

performng @ forward recursion and the other performng.a backward ..
recursion. %8“%%?}5’”8'@ bt Plet \g?"c??’e‘_f?&fi edﬁ?ﬂ“%’l?&‘%@?ﬁ?’ﬁﬂﬂ'é‘@o&’i‘??, thgnhitsor
nore of theagensd by Usnérrdiehasiebdlons @ kéviall RRLRERNY. VAL el rddbived, RE@XRE and
two extrinsic nmenories. The nultiplexes controls signaling through the

t ur bo decodsignalcemples arhdeintgrisaved| hefors dgeadingr Sevgyal tynels £f antotleavers exist.e

decoder s, whi | e nmi i.Nni . j i [4 f  the turbo decoder.
Unf or t u%%tt e nﬁjéﬁécﬁggdt}’%ggﬁ‘téggg%geﬂr@q%%ﬁgﬁékf gﬂ%ﬁ%@k gr%fer e(aagélis' two extrinsic
menories, one toTsibereodeshue sepial on phalled cuikate@dtivns &fF ttivororbleecdnbguemc oder

is used for the other | oop section and visa versa. The extrinsic nmenory
banks are of@dss thaihgye bagn seRAralcd By ong Or mareeqdeipterladvges. ahirbe gpeadsrs and
wi reless co ' ' ' : | 0.t a
cost -effect ?%/Eg’laglﬁg%s g@%’e@ﬂ? ?%F g)nl?ﬁ{} lsijb%ﬁocf er&? gggﬁﬁ%ﬁﬁﬁg‘g:ei tﬁ@gﬁ%@%g tem
t hat does n@brbosmpdes aredfiah desdded vaihcamiwaratyvebdgdrithmTioeachies st srrar fatast her

need for a wireless co cat.i ons system enpl oyi the space-efficient
turbo détoddr! t%“%?%ﬁ&%ﬁpﬂﬁ%&‘w Sgg'ﬂﬁ%ﬁnggﬁgiﬁ cﬁﬁggﬁalﬂ“f‘gr dual
Menories i NGRCGASPaNK, REdd MitBleABROMRT deinttRE RrEXISE Be ﬂnﬁéf{eﬁg%iw%eéxef or an

efficient dual port extrinsic menory adapted for use wt
' space- ef f i ccemportent lsoded enavders arid dbedprse seapectivelye ntThenperformance of turbo

codes depends on the length and structure of the code interleavers. Good turbo code
performance can be achieved by using interleavers having pseudo random structures.
30 In wireless CDMA communications systems, turbo encoders often produce

parallel concatenations of a constituent convolutional code and one or more



WO 02/ 069503 PCT/ US01151. 13-t 4 SUMVARY OF THE I NVENTION 5 The need in the
art is addressed by the systemfor elimnating a redundant nenory bank in a
di gi tal cwoaiiosesehi | e mai ntaining the overall functional ipghyagdikyzef the
digital circuit. In the illustrative enbodi nent, the disclosed turbo
decoder circuit is adapted for use in a turbo decoder of a wreless

communi cations system The disclosed turbo decoder includes a first node of
operation in which the turbo decoder to 8ses a first functional |oop. The
first functional |oop includes a nenory bank, a read interleaves, a first

nul tipl exes j{tblibaved eRidAs iof &he olleg- WAL ae@@aertypﬁauy iih€lutdtonel eavwmse and

- a second MJX. The disclosed turbo decoder further includes a second node

of operati oﬁOlilwlwrﬂnéh encodesngopngstad dheughoopei or uswie inierlessetond The

00" 15 wep cacoRBpand o, SecBE nf s iter i ety TERMHBNS bank

is a dual pMatxuﬁtﬁhrA Psstenaiﬁr mgaMAPbme@bdsﬁsl csbﬁﬂel:téwrnbanodﬁcp]@dﬁg afilifitetedver
swi tches between the first node and the second node e di scl osed net hod

and appa¥ at ard edpintenigaves. {lhe loppanpleneninan iferatixe rigasithm eepproxdmatena hog ur bo

oo separ ot badbout Rt bR R o Baib B I 1 ol BRIkt 8 3o 1 ona
nodes. BRI EfjkddrICRETHINLOR JHEhOBLYASESSitAb niosolikely 05 Bhséd 6f thedi B, ane of a

Wi rel ess communi cati ons system constructed in accordance with the t'eachi ngs
di scl osed hdeasder owpyfs eithersa & opaereprasentingr bardgleaisions Ehectspivraive ipseress t ur bo

o a bl ock BEgYRiefleii MeHATE SPRTHY CELARRP AUSYER Gkl e O

PCT/ USQid| ~BrsthnesFéfGhe 4nétfic dalomlator desieapdrivmih®a Kofag rédtireibn i the other
space-efficient turbo decoder of Fig. 1 having only one extrinsic nenory.
Fig. 5is aPQﬁWﬁP%@WFqcPGLQWaU ng the read and wite tining of the

turbo decoder of pFignafhe ﬁle':éfﬂcwﬁc A §In_.(?‘gHRZf§f &?%@'d%@&heﬁy e3P fAbre PF the

space-ef fi ci ent extr|n5|c menor I's a diagramo
convent i onad:on@ﬁMéntZdwﬁdérslumftmadplaceﬂ withenamellnpmxpf ayetivd mtnmidnmnﬂ)rwsj te

ENBOD! VENTST i A IFe 5 GO 57l lisegh o D deFica P 30 (42 gl b
appl 1 cat ondecofrSaRy SRRy dic ol tRS HECOMR RS TR e e FRHbAR v,
t her et 0. Thofsthe hubo dg:odcmh nary skill in the

Unfortunately, such turbo decoders often require at least two extrinsic
memories, one to store information from one loop section while the decoder is used
for the other loop section and visa versa. The extrinsic memory banks are often large

20  and expensive, yielding large and expensive wireless communications devices.

Hence, a need exists in the art for a cost-effective and space-efficient turbo
decoder for use in a CDMA system that does not require dual extrinsic memory
banks. There exists a further need for a wireless communications system employing
the space-efficient turbo decoder and a corresponding method for obviating the need

25  for dual memories in accompanying turbo decoders. There exists a further need for

an efficient dual port extrinsic memory adapted for use with the space-efficient turbo

decoder of the present invention.



art and access to the teachings provided herein will recognize additional
nodi fi cations, applications, and enbodi nents within the scope thereof and
addi ti onalwébombeses n which the present invention would be pérgkeificant
utility. 20 Fig. 1 is a block diagramof a w reless communications system
10 constructed in accordance with the teachi ngs disclosed herein. For
clarity, various conponents, such as antennas, power supplies, clocking
circuits, anplifiers, etc., are not showd in Fig. 1, however these are well
know to those skilled in the art. As such, one skilled in the art will know
how to i npl enment such conponents. 25 The system 10 includes a transmtting
-device 12 and a receiving device 14. The transmtting device 12 includes an
information source 16, a souSUMMAJRNIEOF THE ENVENTIONsni tter 20. The
transmtter 20 includes a turbo encoder 22, a channel interleaver 24, and a
nodul at or 26. An output of the information source 16 is input to the source
encoder 18. An output of the source encoder 18 is input to the turbo 30
encoder 22 of the transmitter 20. An output of the turbo encoder 22 is

i nput tosthe  WEkbeORe060308 ag RCHAUSSA by B bystémarfor kelimmatingea vestundant An

tput of th h nter. L 24.0S 1. t tg th | at or.26. .Th
" ecei vi ng ARy BAK it f Gkl Srp, ke insBBiting e St Bt adciyoher

36, which i?h&&@ﬁ@lcéh%qit% In dhe inci;;fseatmté@abcﬁﬂn&lﬁ R dig&@seHQﬁﬂfqu%Eoc?é dilkgrudes

a 5 denodul ator ~30, a channel deinterleaver 32, and a specia

space- ef fi ciiendapted fr erecinde turba, deapderiofi & wirehess raontmahications systemncdhei t h
the teachin IS ed herein n i.nput of .the denodul, at,o 0.1 s, connect ed
o an out pulTirosed P terodreirodel s KR dhadE at aRerong HELLe 15bp ecgier

Wi r el esgochagael fidPfuntoRitiee. Phe fiRRe flRIBRHI G PIcRded & nféi’ﬁlﬂ?%}éﬂ%oé Radn

i nput of the channel deinterleaver 32. An output of the channe

dei nt er | eavénterdgaves a bingicovkiplaxer AMUXp it RAM file, aulopdMAdcderodesn waite

out put of th rtho dec LS ree dec r. 36 n out put
of Bt cn i o MspitAve AP SElond M PG ol RickOF R EERBECRIGE FRui ST e
opti onal scatdond méeRIbBeperaton e whivhnd edcofldi fah@idnah Wb 8Ai1s88. ditecsessmil nor e
fully below. In operation, the information source 16 provides voice signhals

or ot her dafnctignaljoemdncduses the ancaepryrbank, thepfirst MgXmthe BAM dilectheldogmay be
a human anp'mp i Efmc keypad or nicrophone, or another data
sour ce, ’li'ssuc asH%lceot%\%raE&thFﬁsg&}is}lour ce encoder 18 digitally encodes

i nformati on provimenk bmbodiementfthe menmory baskiisce diél port extainpicanahenyr Tied
electronic format that is suitable for use with_the turbg encoder 22

Sour ce encofisflesed wrndrepden GroRii Gchas berueenythe fifganosierand) e gacopdimadsyr ce
encoder 18 20 ar ¢naRpkiciéd hRiodPSfl dpphraB Rt IBifale tf RS YoPYn W6 exlidstceed in
the art to neet the needs of a given application. The output of the source
encoder 18 mepogisein 8 nabgtdpmgw sdiegtivedy etplaying diingledixtringié olemarp fesent

ith .. h I h d h
bi 0k 855 By SSeHE FRboSRRRITRY senlen 41 R SR BARkert ropRog” ¢

Recur si ve SypHeyrati c Convol uti onal (RSC) codes. The resulting turbo-encoded
bits are input to the channel interleaver 24. The channel interleaver 24
reorders input bits via a pseudo random pernutation function a so that bits
at an ith location are noved to Y a location ec(i) in accordance with the
pseudo randomrul e a. The interleaver 24 may be inplenented as a bl ock
interleaver, which read BRIEFDESCRIRTIONCOY THEDRAWINGS30 row and reads
out the25data colum by col um. WO 02/ 069503 7

Fig. 1 is a block diagram of a wireless communications system constructed in
accordance with the teachings disclosed herein.
Fig. 2 is a more detailed diagram of a conventional turbo encoder adapted for
30  use with the communications system of Fig. 1.

Fig. 3 is a block diagram of a conventional turbo decoder.



PCT/USAO /sl .13~ The re-ordered bits are input to the nodul ator 26, which
prepares the digital turbo-encoded interleaved signal for transm ssion over
the wirel dondasmsel 40. The _ nodul ator 26 includes basebp@gys@sshlzym xers
(not shown) which up-convert digital baseband signals output by the channel
interleaver 24 to IF signals and IF-to-RF 5 m xers (not shown) that convert
the IF signals to RF signals in preparation for radio transm ssion across
t he channel 40. The nodul ator 26 al so per§ornms functions such Pseudo Noise
(PN) spreadi ng, wherein in-phase and quadrature signal conmponents are m xed
wi th correspondi nEgg PNisfaineld @gilddblpele BRkain 6Nthe@padd-EfECRBS iirbRASIBdsSHON.
- The nodul ator 26 also adds a pilot signal to the output signal 42, which is
transmitted Fig hbavdegonllione aimelc Memoiya a transmitter antenna (not shown).
The denodul at or of .t he. r.ecei.ving .devi ce recei ves W r.el ess. si gnal s 42
output romthe rdéut it Brmant dhoerE MENHRetGe BE0T RN ol R S B e
across the WfecgdeposFghannel 40. In the present specific embodi ment, the
wireless signals 42 are Code Division Miultiple Access (CDMA) signals, and
the systém 10 i s Fig.Cbigra ngors detailed diagram aispacsreffcienhextridse memoramiel
esti mat or aﬁg a}gr ake receiver followed by RF-to-1F and | F-to-baseband
circuitry ( of hown). As is well known in the art, a rake receiver is a

hul tistage recei vgg, hayianaaagﬁnﬁbala b6 VehtiGfal CTONMA 2000 RufRCAIdE Shferlefagh
stage estimates the received signal fromeach user of the system 10. The

resul ting esmpleieddo mad aad deiic dredduah part sxBinsigonermonrafig.fe overal | recei ved
20 signal. The estimate of the desired signal received fromthe user of the
transmtting device 12 is then added back in, yielding a residual signal
from whijgh and a bit estimate is made. The denodul at or 30 denodul ates the
recei ved signals 42 and provides corresponding digital denodul ated signals
to the channel deinterleaver 32. The 25 channel deinterleaver 32

dei nterl eaves the de \ i i i unction a ~,

which is the inver sengﬁﬁbﬁeﬁgggmmﬁﬁgﬁgwighamel

interleaver 24. In the present enbodi nent, the channel deinterleaver 32

outputs a bit seqQuence representi rall e] concatenation of constituent

RSC codes with ad¥pis BRaATse8 £ Sischiedd Medhdebanct apornn %da%'&dblgﬁr?lﬂéwth _

ui el ©535 Chagghod Qo MpRuhtdAmERdfiBERcor JrHSAN PO RGHEL Il ShbREVE bl
we g A Post r

stream using the I'l -known Logarithmc erio Log- MAP) al gorithm
WO 021 06950 38néeritand thadthesavention inhotdiamitesithenetd. chiedse havibg oddivarg skl inhbet

Lag- WA docBloRBS BHE UPpieiclebupEn PEdEha BBt { Vil oREostie (RAarel o
requires onkyodaMAteHd, hpplfdations ARE ¥rbbdintaty/wil@ the ScdfpRhsesOd additional
Consequently, the turbo decoder 34 may be nade smaller and | ess 5 expensive
than its co%l@léiﬁﬂli whish theprgsent javentiom wogldte of significane 1tilily. si ze and cost of
t he assqci ated recei V] 2P f el . I,.Cati0 m 10.
The decg(gled Si gngfg' &125 g%%(g%tdl&?%&rﬁdtffﬁaew%%rg%gdo%{é%%gét%wgg@nl loecs% ftﬁ%ciéeaeof

t he di git al irs h@odanck withjihé tdadhinge diseldsed herend eFoR2larify, vaous consptnkhtisNg

device 12. The . . L. o .
such as antennas, power supplies, clocking circuits, amplifiers, etc., are not shown in

Fig. 1, however these are well know to those skilled in the art. As such, one skilled in
the art will know how to implement such components.

25 The system 10 includes a transmitting device 12 and a receiving device 14.
The transmitting device 12 includes an information source 16, a source encoder 18,
and 2 transmitter 20. The transmitter 20 includes a turbo encoder 22, a channel
interleaver 24, and a modulator 26. An output of the information source 16 is input to
the source encoder 18. An output of the source encoder 18 is input to the turbo

30 encoder 22 of the transmitter 20. An output of the turbo encoder 22 is input to the



decoded signal dk is then further decoded and formatted by the source
decoder 36 in 1o preparation for output by the information sink 38. Fig. 2
is a norewdrtxichad di agram of a conventional turbo encoderpgy@dapizgd for
use with the comunications system 10 of Fig. 1. The foll ow ng revi ew of

t he conventional turbo encoder 22 is intended to facilitate an

under st andi ng presently di scl osed nethod and apparatus. 15 The turbo
encoder 22 includes a first delay 50, a $econd delay 52, and an interleaves
(~) 54, each of which receive the digital bit stream dk as input. An out put
yox of the fhifer §eba¥aveP 45 1APBhiph? o BENHaHhdINGtGieh bt 34 26 inpfi BUiHRUL Of
- the second delay 52 i1s input to a first encoder 58, whose output ylk Is

i nput to thenguitenida.ng circuit 56. An output of the interleaves 54 is

i nput to a secong, encoder 60,. se .20 out put ~ 1S ingut to the

pUnGtur i ng o r cuiTheaEseThe daisE ddrnslades & ErteLed srasehdd aappE Seeode
channel i nt gg| W i foftlectdddio In ihforidfoR sBRERE. eMROdesBN: 24 hfciliddsSh
encoder 58 and the second encoder 60 are RSC encoders. In operation, the
first debaydefoduhtay3Q, he ciaoid adeintepdedves Qi eandea ddpeciald spacefificient turbo

correspondi shifted djigital seguence k to the nct.uri circuit, 56.
The sebond 6ot . Bbichdp sPusTRER YRR Bt o8 HRHR BBt AEIRE D R acs
the corres pﬂ]ﬁghggl Sthé Hgﬁkoeﬁ'lfawtsoti@ chitfecleld t8 tanCRRARH tﬁ@molaﬁlﬁtog !26;& thgcoder

58 encodes ayed digital sequence using convol utional codin
t echni ques. trihsmitingodiyiceSE vinerwiselessuthenidl dOc ohn estpondi thg demoduletr S0gmal

| k to the puncturing circui 6..S ml.arl t he,second encoder 60 encodes
Uhe digi tal CPHERER B AminsEh o S BBl ECBUHeRteh 3.r b RYS: 8 Ty ERarm
02/ 0690309 @eiRtcRERIR 37 i8 BnAQti0AdH Ripuf 8Nl 1BFboPEto8E AW, SAn Sukput bg tRaIcoder
60 then outputs the correspondi ng encoded signal yzx to the puncturing

circuit 56. turbedenpden 3¢ isvigpet todhe sowee deapdend@sant drspysof athiel is dnppiad she/ox,

yl x, and y2x . nto a si ersequ e, Jd. turbo code that is.provided to
The channel Epiicl s 58 g THE MG Beodst 34 pet A RrBRA o bte eBo iR 6 ol oo
adj ust the goagelrdiReavehs2 auidibttisssd gorRifullpbel@t, to 15 the needs of a

gi ven application. The turbo encoder 22 shown in Fig. 2 is a 1/3 rate turbo

encoder, wher ei nInjeResatiang thejaformation sourpr 16 provides  wiGeesignads erptherdlataisr ds of
3k symbols. t fiot | LI el ' 13, e,
nousver 1 netEaul ehtbacd 16, ¥heBHRERAOT e B8 lday e d Byl i QeGRES
wel | known diches hikespabor inforoptonef dranothsedath outee,astieh as nawerknt Tiewlurce

convol uti onal code, .such as code output fromthe. first, RSC encqoder 58.
The Vi ter bi erwog@frli%mt@gfmggs lagmflwﬁmomc[@émmgewf9m4t50n§avra? ilgrl.x_}t%i ch
represents LRgeERsihed eRRABE ﬁ%ﬁb&?ﬂ&gﬁisﬁ&ga}&fﬁ“ﬁm\ké ol eaubtol Snddugh ¥&n a

recei ved seguence y. M. is worse we knows the a priori
i nf or mat i onS¢urce enqodersrare gerfepallypknayn intthe artMThegdetnils ofi theadouceegaodertld t he

MAP al gorithm he turbo.decoding is$ to.estinmgt iori infaormation, and
use 1t fbr SRSPRIEBEPHECS Sal mage Re P R e ikta ts hie iy e eed - om
the nodul at gf a gifePhppitication., the foll owi ng system of equations (1) through
(4) are iteratively solved via the turbo
The output of the source encoder 18 represents a stream of digital binary bits
dx, which represent either 1 or 0. In the present embodiment, the turbo encoder 22
encodes the bits dyx into a turbo code representing a parallel concatenation of
25  Recursive Systematic Convolutional (RSC) codes. The resulting turbo-encoded bits
are input to the channel interleaver 24. The channel interleaver 24 reorders input bits
via a pseudo random permutation function o so that bits at an i location are moved to
a location o(¥) in accordance with the pseudo random rule o.. The interleaver 24 may

be implemented as a block interleaver, which reads data into a memory block row by

30 row and reads out the data column by column.



decoder 70: 20 /1llk =log PLdk -11YoYi~Zz~ i pLax = ~ ( Yo~YnZ2| AZk =l og

pLdk -11Yo~Yz~Zn 2 PLdx =0O~Yo~Ya~Zn 25 where a tilde over a variable

repr esent wo é26bseer | eaved value: and A ~ is the first Logedyd®hisiged Ratio

(LLR) associated with the estimate dk of the received data; WO 02/ 069S03

| O PCT/ USCOL/51. 13-4 Azx is the Log-Likelihood Ratio (LLR) associated with

the interleaved version dx of the estinmate dx ; yo is a sequence of

observed systematic bits yon; output fromthe delay 50 of Fig. 2; 5 yo

represents the interleaved version of yo ; yl is a sequence of parity bits
yl k output from t1ig biddkre S bid Hpat theadsduldr 26, Whith Prepatés ihe ‘ﬁé tal

- sequence of parity bits yzx output fromthe second constltuent enco

10 zl repr eswxbbgnaodeldrmarllemdenignaérfeu wmsofissiors evprehe wilesbichanme] 40. The

ti | f t t put f t he |
Gecoder 76 RaRIAte 36 prdiudes ipeand o dF FRxeSdaShuRuv v Ry 09%?33%1?2
represents g,¥Bah®'si false&ﬁtgﬁtn@ he BAMNERIAE R ExX ZQ%F)IF mghﬁ’lgqatnﬁe[fi RERIMAP

decoder 76 when In secon as discussed nore fully below. 15 Ak is
defined 5n eqguessi(oot shownashat hm\leotgﬂnclIFhwgrmls toHRF signals mfprepanatmmrfdriradmal

robabilities. The nunerator e th bility that.the recejved
8at a bit estiARHAISSIAN ACHESS Qgee?b@g ql 43\ \r}tﬁa la§Pr22% algo pgrf%mas fpctions eS“dI‘
recei ved. The J%W&waﬁﬁrsg&%erngsan&&lﬁ ﬂeplﬁgé)bﬁ&)qddld}a\tufg@nzaﬁz E@n;?&{éﬁtsvd%g dat a

bit estimate represe 0 gi'ven that 20 yo , e recelved.
Simlarly, Axxed mtuebrmg:@ndmg@@hﬁmmms(lﬁ)prqmratm fpogmeletshmam’rmsslm rﬁhe:o of

two conditional . pro lities. .The, nuper s th r obabi | i
Lhat the i nfurkiesh flsp & ilce Righab i Mecopehi HERH 12 s Gaemyi
that yoip Y aéross @Beh&ineV8l GialalF@iiRehr aﬂ&ﬁnéiﬁﬂﬁ?ﬁhcﬂﬁﬁ)or represents t he
probability that the interl eaved 25 version of the received data dx

represents 0, gi Tsa demadulator 30yofthe mgeriving dewice Heraseives wirelaspsEnabctH03 11
output from the modulator 26 of the receiving device 12 and transmitted across the

wireless channel 40. In the present specific embodiment, the wireless signals 42 are

Code Division Multiple Access (CDMA) signals, and the system 10 is a CDMA

15 system. The demodulator 30 includes a channel estimator and a rake receiver

followed by RF-to-IF and IF-to-baseband circuitry (not shown). As is well known in

the art, a rake receiver is a multistage receiver having several banks of correlation

receivers. Each stage estimates the received signal from each user of the system 10.

The resulting estimates are added and then subtracted from the overall received

20 signal. The estimate of the desired signal received from the user of the transmitting

device 12 is then added back in, yielding a residual signal from which and a bit
estimate is made.

The demodulator 30 demodulates the received signals 42 and provides

corresponding digital demodulated signals to the channel deinterleaver 32. The

25  channel deinterleaver 32 deinterleaves the demodulated signals via the permutation

function o', which is the inverse of the permutation function o of the channel

interleaver 24. In the present embodiment, the channel deinterleaver 32 outputs a bit

sequence representing a parallel concatenation of constituent RSC codes with

additional noise and interference terms added by the wireless channel 40. The turbo

30  decoder 34 decodes the deinterleaved bit stream using the well-known Logarithmic A

Posteriori (Log-MAP) algorithm.



PCT/ USOL/ 51. 13~ Extrinsic information bits z~k and zzk are related to the
LLR s Alk and Azk of equations (1) and (2) by the follow ng equations

respecti veloyw2/069393 - Alk yOk 'Z2k ~ 5 ZZk = AZk J ,yak - Zlipetrusoheigst he
vari abl es are defined as provi ded above. The estimate dk of the received
data is obtained by hard imting the output of the | og- MAP decoder 76 via
the hard decision cireuit 82 in accordance with the to foll ow ng equati on:
d - 1if A2k >0 0 if /12k < 0 . The LER s of equations (1) and {2) are

conputed iteratively via the turbo 15 decoder 70 using the well known

Log- MAP al gor i t higylibEedvehBort Ssrbb RBELA¥RY Baf telghiYe tWo Br RO dcphiddd ¥xtkigRer t
- published by Virginia Tech on Septenber 1998 and witten by MC. Val enti

entitled "I rematiey enddot bet oo maadepuatediogyMAdr dedadetseslse Tubordedasiat i3dris” .
The iterative process is perforomed on a "wi ndow' of infornmatio royjded by

{he depunct BRERGHETRt3t TP PR e R msdior And BB, e ot BEAB

through thed&%@é}derc&{%e@?e\aa&?&hé 'tﬁif?)‘é BedoRiee Fahenyert Mhadawaat: dalialdss read

fromthe depuncturing circuit 72. In one enbodi mént of the disclosed nethod
and appar at esguensifethan it canventiegalaiounterBit. \ildrisibelperedhcevthe dideaind gost &-the t

I h \ . f ision.f bit.of th ded d :
operati on, FRPTRES FpeI ISR RT AP 8l rammem s UNEPURbS  he. oi gnal 25
ived f t h deipter| h th inter| f
Fro 1. using api aaeron suelidi AR Trom B RaR ot dior R SR inRHE ot or o

dof i nod abot EraL gl BR GRER b EncblE 22 KETL ki o], Ve o
buffers t heg@itlignal HOsAREPBHAZIIBABE TR RDmb by B louFieadlBagdsy in/0 My
%n oops. A'f r1

be thought of as conpri‘sing two functional Irst functional |oop

i ncl udeg ar‘?@fg{rﬁﬂicﬂﬁfogoﬁ?ﬁpbgtrﬁqnfmﬁﬁ@ﬁsjh]agsf| eaver 90, the MJX 92, the RAM
file 74, a 1o0g- VAP decoder 76, a wite interleaver 78, and an extrinsic

menory 88. A secigd?isuiasmdredatailed diggrane of @ eenyantionad: thihes¢nsoderidz §dapsed t he

MUX 5 92, the RAM.{i 4 he .l 00- C 6 extrinskG _nenory
80. Wen tHe" Hséecgg‘e’rthg(ﬁzrlngnul%}lceégoﬁs??%ggr%t |lg'ng’l Trlrlgtr}gl,ﬂ)@ﬁlé %&%ggét E‘hé:rrpl oys
the first fevnettivnal turbeRnsedek i22nis intendedito Fadilitavdan undersedingepredéhtlys in

t he second operational node, the second functional |oop section is
enpl oyed. THeclgsed spethqdand: appamiusst  oper ati onal nmode occurs, the contents of

the RAMSile 74 are Hf&l VAT 0 0g-
decodeM576 esti nﬁeetsugﬂt)(ﬂg LE?* gbzf@“g%w%g%%u o??d??) g%&?‘?rﬁigd%iﬁg 5?! rqgwgass of
a first opdangtesver(nn®teactsohghicheecbiventhp idipitatieil shrgarh ke ap linfput.u AInnsnteutr cui t
72 and a predetermined_initial value for z (since there is no grevi ous

val ue fromdnel thedirsgelaesd ienpibio; 3 PRGUERE GENEY 3.0 AR QUiPRtftthe seapads or

z). In one ) g V. r LS, ZEl

(03 VAP docor o B iput T8 fft Scer 88, ¥ihas oufe 3,2 B g’ ROt

i nt er | eavercifé8iti®. uArcutput ©brthe imd¢raanemb4 s inpet to pstcand: ericodérc6lyeminosg 88 t o

i npl ement an _interl eavin unction on. the_output fromthe | 0g- MAP decoder
76" Corfbur FBHR Ty REDBIE IO PR B SR BB et S PEIIGER t he
second ext rdyisit Go MRTBKanS0intetREvdrUIdoef BRC adem thb §nesehenbbdifRat, the firssecond
operational node. In the 2U second operati onal node, the M.TX 92 sel ects

t he out put enceder Bend thessecend sricadar&OraseBS(- e3goderhie write interl eaver 78 and
D ot TR e B Y S8R G Sl B0 s ML
a corresponding shifted digital sequence yox to the puncturing circuit 56. The second
25  delay 52 delays the digital input sequence dy and provides the corresponding shifted
output to the first encoder 58. The first encoder 58 encodes the delayed digital
sequence using convolutional coding techniques. The encoder 58 then outputs the
corresponding encoded signal yyx to the puncturing circuit 56. Similarly, the second

encoder 60 encodes the digital interleaved sequence output by the interleaver 54 with



88 to the RAMfile 74, which stores that data. The output fromthe RAMfile
74 is coupled to the | og- MAP decoder 76. Therefore, it can be seen that in
t he seconw@bB2/esis of operation, the | og- MAP decoder 76 i Sp@r/oNdiggesswi th
the data stored in the first extrinsic nenory 88. The output of the first
extrinsic nenory 88 represents interleaved extrinsic information zi = {zlk
~. The | og- MAP decoder 76 cal cul ates the value A2k in accordance wth
formula [2J provi ded above. The output AZk fromthe | og- MAP decoder 76 is
coupled to, and stored in, the second extrinsic nmenory 80. WO 02/ 069503
13 PCT/ USO1/Hprédeterpfitedl pe@miiagibh Nfnthen SR.COMThed patader 06@ thel deutphifse the!r bo
- decoder 70 switches back to the first operational node. In the first

oper at i onal aopdspondingreodas] signadyrdp thapunconingaliwsitd6t he out put of a read
interl eaves 90 as.the output .of.the MJX 92. The cond extrinsic menpry 80
and the read inte flee%?gﬁ“rg'@ qlﬁ?ﬂtéﬁﬁﬁﬂueﬂmﬁ%p’ﬁtp@ﬁ@iﬁgﬁ S goig ﬁﬁc?‘?‘g}‘ﬁk lﬁ*ﬂe&/
out put of thgndi@adhubdeSi ka8 O HHRAPILHBVIdR % e aﬁhﬁeuiﬂtfeﬂém&lzarbfaﬁgF

~,z2~ ~. Accordingly, extrinsic information z2 is read fromthe rea
i nt erl eaves 190Therpimotnrimgicinoyit 5h enayl Msoadjuss thereodeamerfaf ithe qutputisigrah tuindetbe

ted, h , i.ng .the first f the fj tional. whi ch
s descr | bl hesbef Bael peptcato T Sroh Bheoder B SPEAG: B Aisd [ hikal °
val ue, as nQhidd AbGIES; widiemeda®d Rquédts bPk P ]gms &éﬁﬁﬁﬁﬁéﬂ‘tg kedd %Ird%? 3k

decoder 76, and the resulting val'ue z output fromthe read interl eaves 90
are not usedyinhoishdhejoutputiof gheaquinoturing cirguit §6 doalil (fyrapey ensleshoweaysntheegadei n

the second pass of, t.he firs erational node, the RAMfile 74 outputs the
stored val uégtc(ﬁayﬁ?lpcrﬁf‘%edaﬁaagﬁstf’ol/@nq%”’%g}mﬁ‘ decoder 76. In either case,
during tjge first THeewel k@XM VREDI algwithmt RUSLidy QsBdt {veddRolE fd tenvkatiddali S
coupled to the | og- VAP decoder 76. e | og- MAP decoder 76 conputes the

val uehof Al [eonvohgtéonaheede, sychmsia qode ontawt Eoapihe dirstdRIG encader 88.| "ﬁh@wt@?ies
78. T . ine€ ] ' '
oxt it o rbtRryggbhtfiet NepuhhCLAGRIGH () ST ARINPE s Idapef o

the val ue zprobableeseljudmie cfxtkansmitied dmabity B Fiwhos eeivee seqlence - WILijk t he

turbo decoder 70 switches tqQ the second 20 operational node. Hence, in the
first operatiosicathanDAP if we keews ithese erion: Biqrmation (89 apgioriciatormatian. then

second trmsi OVl e I%A%?f' 74

to the ﬁgg-mlﬁgcoﬁerlb&?%&gmp %l.ﬁe out %&Pﬁ% fﬁg_%(?ﬁ&%aﬁgé%?gr S altésg

coupl ed to pheraformation, end eseitfordMAPwecadinag to the first extrinsic nenory

88. Inth 2 i pnal , the deinterl d.extripsi.c.

T ot a1 - o SSRGSk B ik ST 05 SR SE B3 i o ¢ e
o

MUX 92 and %Utrahs@iﬁgosgs&%lu E’fg uMRBn @9 ARRGH G4 Pt titdBa vedndla el fil e

74. The output fromthe is coupledto the second extrinsic nmenory 80
and stored deendef ): WD 02/ 069S03 i 4 PCT/US01/51.t3-t The node of the
turbo dg(goder 70 continues to alternate between the first operational node
and the”second operational node for each iteration. Every

Pld, = O[Yo,h’zz]

sz =1°g[P[‘:'1k =1|yo,yz,ZI]J, 2]
Pld, =0|yo’}’z'il]

25  where a tilde over a variable represents its interleaved value: and

A, is the first Log-Likelihood Ratio (ILLR) associated with the estimate d . of

the received data;



predet erm ned nunber of iterations, the output of the | og-MAP decoder 76 is
tapped by the hard decision circuit 82. Tn accordance wi th one enbodi nent
of the di wi @aeokod net hod and apparatus, the turbo decodereciugaesigins 10
iterations. Accordingly, after the predeterm ned nunber of iterations, the
hard decision circuit 82 outputs hard decisions dk . The output is an
estimate of the original data d,~ input iﬁ]the correspondi ng turbo encoder,
such as the turbo encoder 22 of the transmtter i2 of Fig. 1 and used to
generate the val ues received fromthe depuncturing circuit 72. The 10 turbo
decoder out put dk,, ofs thé&opdlikelilwod R @ILR)uistocBited with ehe\bitelisdvéd versiaur ce
- decoder, such as the source decoder 36 of Fig. i. Oder turbo decoders
required two or nof¥e é}{ﬁg MAP decoders, one corresponding to the | og- MAP
decoder 76 in the %i PCEYEPEEiBnal mode, and the ot her corresponding the
- 1 og- MAP decoder 76.in the secpnd operational de. 15 Fi.g. i s.a hlogk
i 3ot am of the Jpaifet SHFERSAL OPHTHG et U Jor ompgt bbin el delf, Sbiey
vari ous corrponen':nst.,[i ?Jch as power supplies, clocking circuits, anplifiers,
and so on, are onit&éd from Fig. 4. However, one skilled in the art with

access t9 the priessibsen®AREiMGTatbd velsitaWrWere and how to inplenent any
requi site corrponsgn%;s} Snot shown. aThe %urbo \gg’coder desi gn of the

space-efficient yecodenerd &l dafty6itey,, biful foRaRe fit@ CobdRusRRAEGF 58 of
extrinsic nenori’és, such as the two menmories 80 and 88 of Fig. 3. The
space-efficient t@whe;decoder 34 includes the depuncturing circuit 72, the
RAM 74, and the | og- MAP decoder 76. The output of the |og-MAP decoder 76 is
connected to thd,wisia eequencsrofcpayisy bitg yacoutput Srom Hsecond gonstituent gnpoedeno,
and the hard 25 dg&i sion circuit 82, and a Signal -to-Noise Rati o (SNR)
estimation circui°102. An output of the SNR estimation circuit 102 is
i nput tg,a m crapr I i OV scal | edback
to the g?’lannel éirgﬁrggﬁlg%érgﬁﬂ%&% &Igfés.g)(ﬁrl?iy\@mﬁg 1q‘gpﬁr é('{)iill e ﬁe%t:{%%tgnegt%g
depuncturing Ci r Cplijedichtrif¥c Ritbbionlontgi it e IbEMAPGRYSEr 78 WhorCANCt o
to a second input of the first MJX 100, an output”of which i1s input to a 30
dual port extri nsficst maderas disc@ssedmaonatiplly belowt &mel dual port extrinsic nenory
110 is WO 02/ 069503 15 PCT/ USQ1l/51~3.t connected to a first input of a
second MUX 104 #ntePrescntn 4 Yestor obexginsiconformagipn ay cutpyisfromythe JlogtMASY t he
read interleaves 106 .is copnected to,a second input of econd MUX 104.
An output of the é@@S?FdF]%{‘T@ASEFQ“qWBa?’*&*Pﬁg‘%mwg@agi’ e controller
circuit 08 is connected to control termnals of the first MJX 100, 5 the
second MJX 104, and the dual port extrinsic nmenory 110. The node controller
circuit 108 cont g} 3s défitedvin eqimtion (D as thedogaritkanyof dnzirgtierofdwiocentijionali t ch
the node of the turbo decoder 34 between first and second operational nodes
as di scusseprohabilities;| [Tiepyrasiator eprsssatsatheoprobabilityethat, thyy reretved edatB bitj s
functionally simlar to the turbo to decoder 70 of Fig. 3. However, the
section of fstignates dy, yEPTepes | ey 1hat Xuni Yao andtZeMeEnipssived. Theg«leppminator
extrinsic nenory 88, the second extrinsic nenory 80, the read interl eaves
90, the 2: lreptd¥e@® thegpvdbabiléty riied ¢hesxekeiveddatd bitiestimatp | credresenth O givenrtati t i n
Fig. 4 that includes the wite interleaves 78, the first MJX 100, the dual
port exeri ngjcymemdrs, wek@receivedr ead i nterl eaves 106, the second M.TX 104,
and the node controller 109. 15 Accordingly, a first functional |loop in the
di scl osed decodeSindfarbf A, ds définsiinuetpatiot €)chsahe fupatithen of itsiatorognwoy 110,
the read interl eaves 106, the second MLTX 104, the RAMfile 74, the | og- VAP
decoder 76, carditiomal tpobatiiktidseavdbe 78ymenatbrt keprdsentst thiel Proliaddity Tihat stheond
functional |oop in the disclosed decoder. 34 of Fig. 4 includes the dual
_port menor yintdrieavar 6asidn Mt Tie 1bivedntRAY feptegentd 1 diben tpg-FYAP, daspger 76,
20 and the first MJUX 100. The first functional loop is enployed in a first
oper at i onal werdeeceived.t h&hé i deadbmiresratdpessen®dbe probabilitgl thaotke exterléavad C
menory 110 is read by the read_interl eaves 106, whose output is selected as

" the output gfigbhes BRGOG M dhtal A2 ri1ERN1s!0)BiveRMA F, ,y, , and Z, were received.




of the node controller 108. Hence, simlar to the turbo decoder 70 of Fig.
3) in the 25 first operational node of the decoder 34, the output of the
read i nt emWoewessoi06 is fed back to the RAM 74. The out putpdfmusmisihgs RAM
file 74 is coupled to the | og- MAP decoder 76. The output fromthe | og- VAP
decoder 76 is coupled to the first MJX 100. The node controller 108 causes
the MCTX 100 to select the output fromthe wite interl eaves 78.
Accordingly, the output fromthe wite ihferleaves 78 is coupled 30 to) and
stored in, the dual port extrinsic nenory 110. Simlar to the operation of
the WD 02/ 0( 9SOk tAifsiPGIEbEA onBitst 3, andlegoglerel7Rdito the LR, A j, nntihk,,f 6ff St
- operational node, the output of the T 0og- MAP decoder 76 is an estimate of
the LLR Al AegasttoreUipdrido(@) by theHollewarg equhtiortsuedpectireatyder 70 of Fig. 3
requires two extrinsic nmenories, while the decoder 34 of Fig. 4 requires
- only one extrinsic nenory 110 that can be 5 witten to and read from
practice, the single extrinsic nenory, 110 is much smaller than the t
extrinsic nenories 80 and 88. Exp%klﬁbhtdkkré@ults have shown t hat t&g dual
port extrinsic menory 110 is approximately 2.542 square mllinmeters
conpar ed’to 4.356 square nllllneﬂarsfhar)bhezumo extrinsic menories B8 and
88. This represents a 41.b percent nenory space reduction or a 1.814 square
mllimeter space 10 savings. This savings is significant. In the second

oper at i onal vmggeethetvgﬁagfgggrquﬂh&pgslﬁbvﬁg@awses the second MJX 104 to
sel ect the output of dual port ‘extrinsic nenory |10. Consequently, the

interleaved extrippgie ?nﬁ’nﬂ{epﬁt oZthe@bceived dakAk oBRired Hdr&?nhﬁtl fﬂérdﬁtﬂ!ﬁ%f IS
fed back to the RAMfile 74 The out put fromthe is coupled to

the input ofhd hy-MAP decddiP Téeoiadime haed déamhoblfwitygz ﬁl'ﬂ%cb(ﬁrﬂalMéF’wﬁEQﬁéer 76
estimtes AZ~ (see equation (2)), which represents an interleaved LLR The
node con®r ofPliawinggqealigdes t he second MUX 104 to sel ect the output of the

| og- MAP decoder 76. Consequently, the output of the | og- MAP decoder 76 is
witten to the dual port extrinsic nenory 1 0. Hence, the operation of the
decoder 34 of Fig. 4 in the second o rgrtA%rhab node 20 is simlar to the
operation of the turbo decoder 701/. W{’p t he second operati ondb] node.
In the first operational node, the t&‘f\méal eaves 78 and the dual port
extrinsic nmenory 110 act as an interleaves, i.e., a first functional
section, while the dual port extrinsic nenory 110 and the read interl eaves

106 act as a dei BHEIIGRY &f eqédtibnse(1) aﬂdS(Q?QPéjc&ﬁﬁﬁthQE@&nWR/laoﬂre fudbo t he
purposes of the present discussion, termfunctional section refers to

sect i ongs di ﬂ¢cmdc1n@0 bsing thecweld nknomﬂ-@gtMAP algqntmwm desqiribad mage fidly e
defini i on: uf R oot budiiRla bTPABIEN TS SRSt LhBLENos A Gl RS,y M

be consi dergha g2} $2E0hd Y onal
section corl\ﬂepor\culmlt@nﬁhaifI"Itsﬂatnf/euna)dt@ﬁoﬁnchﬂdheme@diﬁgl ffonctWirtless

respectivel ¥: WD 02/ 06903 17 . .
ommunications". The iterative process is performed on a “window” of information

provided by the depuncturing circuit 72. The window of information is circulated

20  through the decoder 70 several times before the next window of data is read from the

depuncturing circuit 72. In one embodiment of the disclosed method and apparatus,

the window is equal to 32 words, each word being a 6-bit value that represents a soft
decision for one bit of the encoded data.

In operation, initially, the depuncturing circuit 72 depunctures the signal

25  received from the channel deinterleaver, such as the deinterleaver 32 of Fig. 1, using

application-specific methods that are well known in the art. The depunctured signal

represents the three vectors y,, y,, and y,, as defined above. This depunctured

signal is input to a RAM File 74, which buffers the signal.



PCT/ USCOL/ 51- 13-L Hence, in the first operational node, the input of the |ob
MAP decoder 76 is deinterleaved by bl ocks 110 and 106. The output of the

| og- MAP deapebasosté i s i nterl eaved by blocks 78 and 110 andecatosediisy t he
dual port nenory for use in the second operational node. Accordingly, the
i nput which is coupled to the | og-MAP 5 decoder 76 in the second

oper ati onal node, was previously interlegzed by bl ocks 78 and 102 in the
first operational node. The SNR estimati circuit 102 enpl oys the output
of the | og- MAP decoder 76 to calculate a Signal-to-Noise Ratio (SNR) in
accordance with nendasedeni®may he theught of asgemprising twofgnetignal ops.odifirsld t o
- the m croprqgessor nt. r . .C a el i aver
scal i ng val Sﬁgal%ﬁ{efog)gtléﬁpé&o %%ns‘é‘%grﬁ%%ﬁégr %gégggihgeglfzg{l???s{hgrw bi
appl i cat i on-RHRANT filea™] aMdyp-DEARIdbesder 176 abyrienitaloalée®s,i andt e eRfrinsico

- meet the needs of a given application. The scaling values are fed back to
t he channel memenyl &av ér segondfurctignal Joopinddedesghe epiringic angmery) 35 tthe MdRnel

appr ect abe CRnfhecth e, HEI8E RFER bRELE do, RS RIhEFRrdl 807 Ty The
SNR estimation Ciwgen thel@Zoadtd7(t R36n M fifsO BPEELEHD MR tHeOddcoder pIoTY thee

omtted. A t_houfgh the present discussion pertains to 1/3 rate turbo
decoders, t Higstelugkiipnaddopp seefeonar dn \gontragp prhea the edecodar Thés én dhe secwnd

met hod and appar.at ys be . e Wth.d] t .

decoders. Tt?@grghg% I'Pe ’iﬂhe ?eggl?cgﬁ“sge\n&?% lgipcsee\s%ggbgd %’I&&tg %%D prrﬂé‘giggstt #’geg@'ﬁi ngs
wi |1 appr ecifitepehationilnaodeisdearsdtheadatentf offthg R AM fiky 74 ai dlyckea intoal Tegl-or
adj usted to accommodate a different decoder rate or the needs of a given
appl i catlpon MAR depedes 76s eFhe logddAPidecedasoidi estimatestthe LERSd A af equaticnetl) 90
and the wite interl eaver 78 are constructed in accordance wth the CDVA
2000 25 Tel deengihe dist aass ofhafust gporational npds, using Ahs data, peolided Py he

i nterleaver @uﬁ«?tuﬁﬁg c?{% Re7S G ﬁ?f@&%n%ﬂ%eﬁtieﬁ%ﬁﬁﬁ 35 9N&irdcB thdA & no
entering and exiting he extrinsfc menory 110 these cal culations are
provi ded as pesvidusolaluenfperh thologMARUiEcogaT6 toxise ingénerate avunyerlt MalueAbt EX

every certain nunber of iter'atiafneﬁ’ uch as ten iterations, the hard 30
deci si on ci Me0ng embodiment theinftial yalbe for2ds 2819 ¢ he | og- MAP decoder 76 in

accordange with gauautsie 1%14@ dtodbrMTé A'infEIUB A WriteIAfrRUVRIS. The Wie har d
decision circuit 82 is D 02/ OPS03 18 [/ US01/51~3. 4 an estinmate dk of
t he data dkinsedgayer 78 ésnsedén eorobisatiamwitt dhe fisst extrippig memoryi8 tedmplement d~ i s
input to the squrce.decoder 36 .0of Fig..1. . kn nbadi ggn t he nunber
of turbo dedBaRPITAETGHEn PB 5y QR from the |- SR S8R 08 2 Conplifeai¥one

bef ore har dggasiysit@roms iHetldp MAP dseodet 26 id di6redtih fHétseendldx@rifsid @emyAPsalecoder

76. However, the nunber iterations is_application-specific and ma¥
The turbo decoder then transitions to a second operational mode. In the

20  second operational mode, the MUX 92 selects the output from the first extrinsic
memory 88. The write interleaver 78 and the first extrinsic memory 88 comprise an
interleaving function. The MUX 92 couples the output of the first extrinsic memory
88 to the RAM file 74, which stores that data. The output from the RAM file 74 is
coupled to the log-MAP decoder 76. Therefore, it can be seen that in the second

25  mode of operation, the log-MAP decoder 76 is provide"d with the data stored in the
first extrinsic memory 88. The output of the first extrinsic memory 88 represents

interleaved extrinsic information Z, ={Z,, }. The log-MAP decoder 76 calculates the

value sz in accordance with formula [2] provided above. The output sz from the

log-MAP decoder 76 is coupled to, and stored in, the second extrinsic memory 80.



be determ ned dynamically with reference to a quality netric, such as a
Cyclic Redundancy Check (CRC) netric. Accordingly, other enbodi nents may
per f or m npR02@69908SS iterations, and the nunber of iteratipAsydsREide
adjusted within the decoder to suit the particular inplementation. |0 Fig.
5is atimng diagramillustrating the read and wite timng of the turbo
decoder 34 of Fig. 4. In a given clock cicle of a clock signal sequence
120, the contents of two nmenory addresse 3of the dual port extrinsic nmenory
110 of Fig. 4 are read, while in the subsequent clock cycle, the contents
of two nmenory addksfissesmpetmgmheseeond gperatiogal Bode the hybe ddendar T@ dwitchey am

- of the space-efficient dual port extrinsjc renory 110 of Fig. 4  The dual
por text i ndPER i s Dist ERTHERHGRONS ML HTSPRSlE) Bodkel mOSEMSREIES o
that recei Veschipbttelbd Md ARpWWdftaGeddinfér]cBPaM 268hObuthlitor ROMUPR ogecgder 76

-of Fig. 4 when the extrinsic nenory 110 is in the first operational node or

t he second eemmdtdxtmsic medwry 8@sandcthe redd,inteklefaivers?0 ooplpmenod deinerRavingr st

1: 2 DEMJUR 130 i. ted t i t fi t 1:8 DEMJX 132. A . d
cutpur of + Henctiopey ThE Supi et Horal tnistlealiro ) FeprmsenishEnge Bformaton
i st 13 Al t Aot ; | 134 . i t
of U2 second 7. 8 R RO TARInEL SR ifTphalch o) A rcfl (PR R ibRyBRR"
are connect eg 4.9 (ﬁxtﬁgr@ bl Mawk ot & @k RART €90 1L sEoEMRotef hoeive) are
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first menor dughgthenfirst $8ss of the dusidoprratiomal elodrdwhidh4@as desctibedalsedrthe

I . f h I " fifth I
it memor YABP Anis ShiP e BEORRERAE PG KH bt T e LRFEoG e
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connected to one df "eight p: | input 'I'ines of a first 81 MUX 154, 30
where each @fadt fifgerRAv& BOI areNifott udddn B 1S firfiCitbrlatish of: theMVibsodind PfdRess.
connected to WD 02/069a03 19 PCT/USO h 1-43-4 correspondi r}g %ar al | el
i nput | i nesHowexers déwx theosegond pesg of3Be fingt apgrasignalonoda: dhe RAM fde T4 mupputss i s

connected tq a first input of a 2:1 58, Qu of the second 8:1

MIIX is conﬂ'@&cgﬁéf’%luﬁshgﬁj?ﬁpﬂl’cﬂlaaﬁ ‘W%@%@@%B&gﬁo An out put of the
of ‘the 2: 15 MxTBRRT Sa, kil BRI blebRitheOiroly Sudorolf o ot AR AU D
interl ea%/esada%c@fplé'd 1) thé.logxtMABCHegekrSZﬂ. e'fg@lohglmm deavdan 86 tempties glﬁmt r ol
i nputs of the DEMJX' s 130, 132, and 136, and the MJX's 154, 156, and 158.
The registevduadi Apd The vabety A uc dntheslcounledite the it dstedenysr 8. elka v

other clock cycle via the address lector 162.and/or the mpde contrqll er
108 of Fi g. OBputrigmy a%&gﬂg%ql%ae%?gi% e?@e'éﬁge%m it §XtERsie mempry 88 ¢ o

|t er | eaves B idiGudfader 7§ £Id FENRIH) B8 BRCaieliGe RAE 2074k Hrli eyl of

Fig. 4. The wite Interleaves 78, I nterl eaves e node
control | er {80y R4 H6re§ WY Ve RPUAE e thid dedlel P swithds 10Sthe SBBHRI Y
103. In operation, with reference to Figs. 4 and 6, a bit stream out put
fromtheo | ogpedvitbmbmoder 76 representing an LLR or an interleaved LLR
output fromthe wite 15 interleaves 78 is input to the 1:2 DEMJR 130. In
the first oper at BspeR iihedirst eperational mods, the,extripgic fprrortiondtr iszead fomnyput
to the 1:2 MUR 130. .LLR hits rrespondi t ol .ar Lt to a
sel ect ed onBCSFCIRS LU MFEIPEY gP(Zﬁg‘FP?%A Qggletméggﬁgg?e ]?‘FM ht? Fégﬁori nsi c
nmenmory 110 {xg 1bg-MAPidet&ier 96\4A8 tid/butPRIdST, the Ny RPAF Bétstier PPisHeipled td e i S
witten linearly and read interleaved, which represents interleaving.
Sinmilarly, Whithintadeaver andswattereorthe first extringicamgaiony &8} ealiethe secandde,

e o SRRl ed0 L B P TS, b 5 AL
" operational .ypdg. xﬁe%?orggﬁ‘ﬂ Mutﬁﬁ%ﬂtth@l@nb@ ?z,ghﬁ P«gﬁﬂi@d foltRe Rigt Geclihi,t L en

is based on a ['inear address ftepresenting position~of the given
data frane. 7dbg tlex®UX 92 anderoR XML {ilk 74 TieoutpereidomnheMIESY2ds caupled tot he
“output of the MJUX 158 represents the contents of the nenory el ement having
an address Hepseendxinngic mempnt 8} andsfergd fisreipon of the |inear address.
Before the extrinsic nenory 110 is read, two nmenory elenents are witten.




30 One nmenory el ement receives the LLR bits associated with a given synbol
and has a linear address with 0O as the least significant bit. Another
menmory el sveatodses a | inear WO 02/ 069503 20 PCT/ USA /sl . pSrugAdnpss wWith
1 as the least significant bit. After two nenory elenments are witten, then
two menory elenents are read. If the extrinsic nenory 110 is in a

dei nterl eaver sub-node, the address sel eg%or 162 controls the i nput DEMJX s
| 30, 132, and 136 so that LLR s associ at 5 with a given synbol are
witten interleaved, i.e., witten to a nenory el enent associated with the

i nterl eaved addr 3 wpde 98 the Yurho sleapdar. 70rpentawgs de altemate between dheriisst
- corresponds to deinterleved hit-position of the given data, frane.

S\ arty. - oRgratar Rions B i BELPPHERone! 18g YBE OB Gk Bvery
control | ed Byedehematbdrfifmsbes Of @eisbiond,Ghe Satpuhaf tHeh@FMAPldéSd)d"e_r%riﬁrtéppan i's
linearly read, i.e., the contents of a nenory to elenent having a l'inear

address as &wtthe hardalecision diesulli 82. Josiceordanasf with eng) embedithent of ihg rdisclosed

readi ng functi.onali of the,extningic nmegpr 10 i.s .the.inverse of the
writing TunciotGRaRd Jofabicind shite dBaRE 7B mbrtbags 1B ifeMGic S curinglg
i nter | eaved aftgr thb PretetermieidanMEHER bF itdraffonss tifd Ward Akcikien cRagit BY obipufy Aeaved
fromthe extrinsic 15 nenory, but the operations are perforned in inverse

order. The gedsiess Bel eThOTonlfiR FsemeiedGmateN BRI thé 'apidahedath id; Cinpit &6 |Baves
78, the node controller 108, and the read interleaves 106 of Fig. 4. The

addr ess sel esfrésponding eogooansoddresichi axpthe Iuitd groderadEofthbXranchiEM I Sf
controls signals to inplenment linear witing, interleaved wjitin | i near
readi ng, an#lfr andused Engangrate e valpes fecstyed dEip tiedePuistinng FECHb - afhenal
node. For exanple, in the first operational mpde) the extrinsic menory 110
acts asl!@n fHbedeeodrs LR s qfﬂh@il@{ﬂbdwmémaﬁcﬁ% Wﬁﬁdéalt%aﬁ/&ﬂm‘?n t he

second opergti anal de, the extri.n nojy acts as a deinterl eaver and
is witten ? Og?q’é'é?r}g@ the SQUEe ‘f‘(’of’?@q:?-ﬁ%ﬁ f!’saved address input fromthe
wite interleavepld®? tiBoadsboBes $RuAeHOtwd6a) e LBAMAPN@SEddrs, ThSe
manner in 25 which the extrinsic rrem)r\7/6| IOis witten to and read fromis

control | ed bgrreshendingiiets lagMAP decadsp76an the fimt enceatiopal mpdomad thootbens
S Eln R g YA BIRRETS P B E R Al T 107 0T 1O

4. 1t will ear e ski'TTed in a

circuit 94 may bPig apé bRtk dhgiym of thesspatd-efficient tuilbo dedodir 340fFigeESFé0 t he
present teachings using 30 sinple timng and cl ocking circuit rf;
Fur t her nor eSlafaHateRs GMRoseRthisUEh xRS, suplits, slocking cirpyits; peplities, agl and

0 o 12" ) RESGREN grglBY OHEF 2 ESHUR Uy sl
present teachings will know where and how to implement any requisite components
not shown. The turbo decoder design of the space-efficient decoder 34 eliminates the

20 need for two separate extrinsic memories, such as the two memories 80 and 88 of Fig.
3.

The space-efficient turbo decoder 34 includes the depuncturing circuit 72, the

RAM 74, and the log-MAP decoder 76. The output of the log-MAP decoder 76 is

. connected to the write interleaver 78, a first input of a first MUX 100, and the hard

25  decision circuit 82, and a Signal-to-Noise Ratio (SNR) estimation circuit 102. An

output of the SNR estimation circuit 102 is input to a microprocessor/controller 104,

which provides scaling feedback to the channel deinterleaver 32 of Fig. 1, which

provides input to the depuncturing circuit 72. An output of the write interleaver 78 is

connected to a second input of the first MUX 100, an output of which is input to a

30  dual port extrinsic memory 110. An output of the dual port extrinsic memory 110 is



read and wite the dual port extrinsic nmenory 110 of Fig. 6. The turbo code
interleaves 170 nmay be nodified by one skilled in the art for use as the
wite intwd®@aéen3 78 or the read interleaves 106 of Fig. 4ctause1/MHh
reference to Figs. 4 and 7, in the present enbodi nent, the turbo code
interl eaves 170 includes a row colum separator 172 that receives an input
address fromthe Log- MAP decoder 76. The gnput address represents the
bit-position of the given data frane. Thi i nput address is rn+n bits w de.
The upper n bits of a given address to synbol represent a colunm, while the
| oner m bi t Sonrgstessiona figst inpnt off Asecangdy AR4 aadh te an B1Put oha geadyinfesleaverow

- bits, i.e.) e |ower its, . i r. - e

(LU 176, H08° M8 ol b 1ol rlerBlavel WEAS Eontflea e BBl FEMC oo
to a row colsedadoAiN nes. WiBoutpieot HE stéSndMUXItID4 s Bipus to eiteRIIMT 74or Aeach
- colum, to a nultiplier 180. 15 The n colum bits output fromthe

row col urm segsiercondioller cirenite]l G8hisugonnected ta gertrol terminglpiof the fiess MUKo 100

i ved | ' i d t. col it S
Cheret o o S 1ABud M. R e b PoffdhirbicReatPl: Pld Spadota RBMEGer .
the output @fichine08EdRiroltIMUN SWitdhngs e bqdetitively dndepdeidichli§ stidh abd Bigde N

colum bits to the row col um conbines Z78 in response thereto. The
row col umm 26thedntbiordesoder$4dgtyrendirpizand sseans apsratiopalanedssrasidischesegmore 10,
where the ug&)‘ir rﬂ)bits represent the bit reversed mbits output fromthe
bit reverse S?'QF, ¥hd the lower n bits represent the output of the

mul tiplier 180. Bad SRS theufupbt dessiler t3aeisr famésHallimsigdlabidelee iBoar e
sel ected by a bad address determ nation circuit 184 and then _ discaraea. 25

The ext 19 nsidecadend? of Figp 3 oHomeyers therssridgnsof Fig. 3 Hupineludestherwrite intgrleaven| ar
. | d ' : | . i i d
hdar eseos v 1k 058 REHSIAuAtly, 00 i stoofd Gobudd RefiRp 8 the e i eaver

| OXXXK, and 96,ltfe 2XXMUK e aid\the anlstieassioetor W4 ik raphdceth awith 4 EiecusicineFig o thapst
significant bits. For other_ interl|eavin chenes (e,qg,, for WCDMA), one
skilled in inedgs tth%ﬁ’ﬁ‘“‘e%‘?fleﬁ"%omblé@eemﬁ? h’i@%ﬁ)%aﬁmm Pat SX[THISKT MEMPIh g
property su that { i | pyse d i reyat i n a
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the clains appended heret6 and should not be Iimted to 5 the particul ar
met hods and1@(ppThatseeondi Bwctionet 1aegriai the dixelosedi degpdps 34\WATFig. 9 imichudesheED | S:

First and saedne oReiBok MR FeRldRr 1gsane RAM Y ToETo R pllder WY 07 ©
functi opml hsbiheffiest MSEX 100.t he first operational node, the first |oop
The first functional loop is employed in a first operational mode. In the first
operation mode, the dual port extrinsic memory 110 is read by the read interleaver
106, whose output is selected as the output of the second MUX 104 under the control
of the mode controller 108. Hence, similar to the turbo decoder 70 of Fig. 3, in the
25  first operational mode of the decoder 34, the output of the read interleaver 106 is fed
back to the RAM 74. The output from the RAM file 74 is coupled to the log-MAP
decoder 76. The output from the log-MAP decoder 76 is coupled to the first MUX
100. The mode controller 108 causes the MUX 100 to select the output from the

write interleaver 78. Accordingly, the output from the write interleaver 78 is coupled

30  to, and stored in, the dual port extrinsic memory 110. Similar to the operation of the



4 including: (1) a wite interleaves having an input and an output; 6 (2) a
dual port extrinsic nenory having an i nput and an output, the input being
coupl ed twadmeysst e i nterl eaves output; 8 (3) a read intardmesesiavi ng an
i nput and an output, the input being coupled to the output of the dual port
extrinsic nenory; 10 (4) a buffer circuit having an input and an out put,
the input of the buffer being coupled to %he out put of the read

interl eaves; and 12 (5) a | og- VAP decodet havi ng an i nput and an out put,

t he i nput belng coupled to the output of the buffer and the output of the

| og- MAP 14 d@é@iﬁéﬁob%ﬂﬁg 3¢ bt Sastaperationgimede, ithiy etpeAfdbe logrAthyecadecond
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mul ti pl exes being coupled to the input of dual port extrinsic nenory;

and WO oz/cgmpmdm#ﬂ@é@qwgqnsﬂlmer@ febweéwmeﬁfrmgr%mw@gn@s Qand &4 Thist he
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bet ween 1b he sivifigs Thinedviggds sigoidicamnd t he second functi onal Ioop 3. The

turbo decoder circuit of Claim?2, further c risin econd nul ti pl exes,
2 the second nul {# ghesesond operaions] BAs, the g,lfgﬁacqnitrpﬁfzr ‘i&i"%‘@%ﬁlﬁ 556608 t he
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port extri néieCinfeeleaved, e)ﬂﬁﬁislct batpatiZpuf tlfefddahpoﬁeﬂﬁhmdmbﬁmw tikk fedibagk
coupled to the input of the buffer circuit. 4. A space-efficient turbo
decoder conpy theiR@M file(H). '§h¢ ouput fi@lmubﬁ'l&fo ﬂé@édélcounled\ntt? the inputenfitbaves,

a read interleaves, and a first nenory,; a first nmultiplexes and a

second Adl t 98- M@@sdﬁ‘éﬁdeéeﬁﬁecﬁcﬁﬁﬂd}n%&p%sﬁoﬁd\’l edqudF’é 76 restimatesy da GBS t he
read i nterl eaves i nse to the. co g so,6 tha decoder,
the wite i ﬁﬂ‘éﬁ“%é&é ﬁﬁﬁéegrg%tq M ’é’rtqr "e‘LLﬁg (rjlﬂl odg ?‘gltroﬁﬂﬁﬁllg&%/c?‘}?ﬁ"r ement
the logarit m&cmlm Wﬁl&‘rt 'tlﬂi',r d)utﬁlhtgﬁrthé B MATD8eMAED 76. SConsBGuent]
space-efficient turbo decoder of Claim4, further including a cont rolyi er

for 2 gener titd owput afthe dog-MAR darodes 7608 twrittent Wethfbldllgl peth @xml@nmemory

I I h fi
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algorithm % suﬁnsdomm @faéﬂaﬁme bf tHeutilho dteodHeID GFIFIpr 3 $i Ne: seaor(daapeaaubhannel
deinterleaver in communication with a first nenory; (b) a logarithmc

maxi mum a p8®deriori decoder (log-MAP) connected at an 4 output of the

Menmory, an outpug, Gfe &G bedaddial d6GRIGhe GARESHIE Ll P8 NAEhe MR QP 19203

extrinsic memory 110 act as an interleaver, i.e., a first functional section, while the

dual port extrinsic memory 110 and the read interleaver 106 act as a deinterleaver,
25 i.e., a second functional section. For the purposes of the present discussion, the term
functional section refers to sections differing by function. Note that, in accordance
with the above definition, a single circuit that implements two different functions,
may be considered as having a first functional section and a second functional section

corresponding to the first function and the second function, respectively.



25 PCT/ USOL/ al~3~ decision circuit, an output of the hard decision circuit
provi ding an output of 6 the space-efficient turbo decoder; {c) a wite

i nterl eave @mavsgt ed at an out put of the | og- MAP decoder ,pcaimysddtsigsly s of
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| o decoder, an output of the first nulti E)Jéexes connected to an input of a
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S510%&' () - xbétwetn 10 andQ itefitions before hard decision circuit 82 samples the output of the
5  log-MAP decoder 76. However, the number iterations is application-specific and may
be determined dynamically with reference to a quality metric, such as a Cyclic
Redundancy Check (CRC) metric. Accordingly, other embodiments may perform
more or less iterations, and the number of iterations may be adjusted within the
decoder to suit the particular implementation.

10 Fig. 5 is a timing diagram illustrating the read and write timing of the turbo
decoder 34 of Fig. 4. In a given clock cycle of a clock signal sequence 120, the
contents of two memory addresses of the dual port extrinsic memory 110 of Fig. 4 are
read, while in the subsequent clock cycle, the contents of two memory addresses are
written.

15 Fig. 6 is a more detailed diagram of the space-efficient dual port extrinsic
memory 110 of Fig. 4. The dual port extrinsic memory 110 includes a first 1:2
Demultiplexer (DEMUX) 130 that receives input from the write interleaver 78 or the
log-MAP decoder 76 of Fig. 4 when the extrinsic memory 110 is in the first
operational mode or the second operational mode, respectively. A first output of the

20  first 1:2 DEMUX 130 is connected to an input of a first 1:8 DEMUX 132. A second
output of the first 1:2 DEMUX 130 is connected to an input of an input register 134.
An output of the input register 134 is connected to an input of a second 1:8 DEMUX
136. Eight parallel outputs of the first 1:8 DEMUX are connected to 8 parallel
outputs of the second 1:8 DEMUX 136, which are each connected to inputs of

25  different memory elements that include a first memory element 138, a second
memory element 140, a third memory element 142, a fourth memory element 144, a
fifth memory element 146, a sixth memory element 148, a seventh memory element
150, and an eighth memory element 152. Each of the eight memory elements 138
through 152 are connected to one of eight parallel input lines of a first 8:1 MUX 154,

30 where each of the parallel input lines of the first 8:1 MUX 154 are connected to
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8% z E g 5{ 6 mﬁ é’% %‘ﬁ %, 'Hg g&&/% (ét)glg)lg éﬁ%@é@e%aﬁ interleaver 106 of Fig.
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1 10% & () - =3hetv0R26ERQ 08 of Fig. 4. The address selector 162 receives input from the write
10 interleaver 78, the read interleaver 106, and the mode controller 108 of Fig. 4. The
write interleaver 78, the read interleaver 106, and the mode controller 108 provide
control inputs to the dual port extrinsic memory 103.
In operation, with reference to Figs. 4 and 6, a bit stream output from the log-
MAP decoder 76 representing an LLR or an interleaved LLR output from the write
15 interleaver 78 is input to the 1:2 DEMUX 130. In the first operational mode, the
output of the log-MAP decoder 76 is input to the 1:2 DEMUX 130. LLR bits
corresponding to a symbol are written to a selected one of the eight memory elements
138 through 152.
If the extrinsic memory 110 is in an interleaver sub-mode, the extrinsic
20 memory 110 is written linearly and read interleaved, which represents interleaving.
Similarly, when the extrinsic memory 110 is in a deinterleaver sub-mode, the extrinsic
memory 110 is written interleaved and read linearly, which corresponds to
deinterleaving.
In the interleaver sub-mode of the first operational mode, the memory element
25  to which the LLR bits are written is based on a linear address representing the bit-
position of the given data frame. The extrinsic memory 110 is then read interleaved,
i.e., the output of the MUX 158 represents the contents of the memory element having
an address representing the interleaved version of the linear address.
Before the extrinsic memory 110 is read, two memory elements are written.
30  One memory element receives the LLR bits associated with a given symbol and has a

linear address with O as the least significant bit. Another memory element has a linear
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symbol corresponds to deinterleved bit-position of the given data frame. Similarly, the
switching of the output MUX's 154, 156, and 158 is controlled by the address selector
162 so that the extrinsic memory 110 is linearly read, i.e., the contents of a memory

10  element having a linear address as determined by the bit-position of the given data
frame.

The reading functionality of the extrinsic memory 110 is the inverse of the
writing functionality of the extrinsic memory 110. For example, writing interleaved
to the extrinsic memory 110 is similar to reading interleaved from the extrinsic

15 memory, but the operations are performed in inverse order.

The address selector 162 receives input from the write interleaver 78, the
mode controller 108, and the read interleaver 106 of Fig. 4. The address selector 162
employs these inputs to generate MUX and DEMUX controls signals to implement
linear writing, interleaved writing, linear reading, and/or interleaved reading in

20  accordance with the operational mode. For example, in the first operational mode, the
extrinsic memory 110 acts as an interleaver and is linearly written and read
interleaved. In the second operational mode, the extrinsic memory acts as a
deinterleaver and is written interleaved (based on the interleaved address input from
the write interleaver to the address selector 162) and read linearly. The manner in

25  which the extrinsic memory 110 is written to and read from is controlled by the
address selector 162 based on the operational mode as determined by control input
received from the mode controller 108 of Fig. 4.

It will be clear to those skilled in the art that the mode selector circuit 94 may
be implemented by one skilled in the art with access to the present teachings using

30 simple timing and clocking circuitry. Furthermore, read and write interleavers, such

as the interleavers 78 and 90 are known in the art.
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from the Log—MA decoder 76. The mput addxess represents the bit-position of the

given data frame.
The input address is m-+n bits wide. The upper n bits of a given address

10  symbol represent a column, while the lower m bits represent a row. The row/column
separator 172 outputs m row bits, i.e., the lower m bits, to a bit reverser 174 and a
Look-Up Table (LUT) 176. The bit reverser 174 reverses the m bits and provides the
output to a row/column combiner 178. The LUT 176 outputs # bits, one bit for each
column, to a multiplier 180.

15 The n column bits output from the row/column separator 172 are input to an
adder 182, which adds 1 to the received n column bits and provides n output column
bits in response thereto to an input of the multiplier 180. The multiplier 180
multiplies the output of the adder 182 with the output of the LUT 176 and outputs n
column bits to the row/column combiner 178 in response thereto. The row/column

20 combiner 178 outputs m+n bits to the extrinsic memory 110, where the upper m bits
represent the bit reversed m bits output from the bit reverser 174, and the lower n bits
represent the output of the multiplier 180. Bad addresses output from the row/column
combiner 178 are selected by a bad address determination circuit 184 and then
discarded.

25 The extrinsic memory 102 of Fig 6 employs the property of this particular
interleaved address generation, namely, every two consecutive interleaved addresses
will have one of the following addresses: 00XXXX, 01XXXX, 10XXXX, and
11XXXX. These two addresses will not have the same two most significant bits. For
other interleaving schemes (e.g., for W-CDMA), one skilled in the art can easily

30 determine the appropriate interleaving property such that two consecutive interleaved

addresses are different in a certain way, such as by a look-up-table mapping.



1 109& ()-@®! 109 ()- ! 3 (10%& ()- :10%& ()-1"10%& ()-kl; mmmGndEbC
10Y"sY 109%& ()- 109%& () -

109&' () -, WAHRLZ0B- ~ #109%&' () - F@! 10%& () - sGinoCpFpppdELC Wi ssor1kefss () -

,, 109 () -*109& ()-)"109%& ()-" 109%& ()- #109%&' ()-p7qqr4s5s6s7sDsxnmbC

10Y"s  10% 0& ()- 10 10 10L9"10%& ()-2 109%& ()- 1"109%& ()-y/

109%&' () - DsGsWt t AuudErbC 2

10Y"'s@ 10% o0& ()-@! 10% 0& ()-""10% o0& (?-@! 10% o0& ()-F" 10% o0& ()-10% o0&
() -uuudvwBydEnbC _10Y"s ! ) . . )

10% 0& () - #10% o&ltose hevingoyrdinayy) skillimthe st Ind ac6635J& thy PraFamsdsashings vl yyy S

- zz{dEnbC 10Y" 0% & 0p-0&" ()t e k0% A& ()= - 10% Q&al-) -
v) {10% 0& () Yeg 5 o&ad?&‘%%—’f F’ﬂcﬁ)ﬁéf‘g%’(1‘”%5’9”%8391’@fo@ﬁ&e“%‘iqdi%‘%ﬁ%}g‘g 1B -
10' 0 10' 0 1mfa8e UdUoe&d (metbodLlartd agpatitud. } NeddrdingBh @ will be understood that the
£ 10Y"s@10% & ()-"10% & ()-S, ! 10% & s)_-! F(10% (& ()- f o
3109% & () - f anvansipr:iy Jefined splelyi by therclaimg sprendsd Beae B odigniterl i@
efined salel v byt d begpts ld@ot b

10% & ()« 1 ' ()5 &100 &' () - C9: Y :

, 1og/4 &'(%)5- , gffélg‘%%%"ﬂ%’?‘{g’%é/}%’c%@& %g%%d(h)efem,'$ 10% & ()-,1" 10%& ()-

: ACAEbC 10Y"s, 5 10% & ()-, F4 10% & ()-,2 109% & ()-0"10% & ()-,S/ 10% & ()-
- 109% & ()-CbC 10Y"'s.' 10% & ()-Y's10% & ()-10% & ()-s10% & ()- 10( 10(
10(, 7° 10% & AcorimpglWHAT IS CW‘U&@ S10% & ()- S"10% & ()- @

110% & ()-@®' 10% & ()- @' 10% & () - XN| dEbC




10Y"ss! 10% & ()-#10% & ()-Y'10% & ()-#10% & ()-, 10% & ()-,y!10% & ()-|r
-wdEbC 10Y"s ,10% & ()- +nml0% & ()-y) 10% & ()-'"10% & ()-$ 10% & () -
#10% & ()woNelbtysnsl0Y's 610% & ()-410% & ()-93 100 & ()-1 per/Usor/si4ss
10% & ()-/"10% & ()-F. 10% & ()-bbC 10Y"sF"s10% & ()-910% & ()- 10% & () -
10\ 10\ 10\9 10% & ()-8"10% & ()-+d\udEbC 10Y"s9 10% & ()-L"10% & () -
10% & ()- F ' 10%& ()-,10% & ()-G ! 10% &x() - Fu[ dEbC 10Y"ss*
10% & ()-("10% & ()-1" 10% & ()- "10% & (3 f 10% & ()-"10% & ()- @C
10Y"'s10%<& () - 109%<& ()- 10( 10( 10(&8" 1&1(’@‘ ()-2
10% & ()-0"10% & () - DGdEbC 10Y"sSY L
10%<& () - &H#10%<& () -S@ 10%<&' ()-"10%& ()- f& 10%& ()-1"10%& ()-"qcdEbC
10Y"'s@ 10%& ()-@! 10%& ()-#10%<& () -

10%<&' () - 10%<& (uybBASedig JirauitkaFmg d fitét a@l 16%md opprafonal 1fseeRHf dpe@tjon,
10%<& () -'"10%& () - @LO%& () - S$s10%<& () - k\ dELC
10Y" s6' 12)0/&1%1)113@&0%&' ()-@3 10%& ()-@ 10%<& () -

/" 109%<& ()-F. 10%m& . ( E%% WorSlse S4 04 % ( 10<
10< 10<@ 10%& () 2 %‘S%&' TodP e 10 ﬁi‘(’g "ja?) it @%%%%/ iﬂ‘%t tbap
110% & (9 - & 10% & (1)1e],udmfg€)% & ()-@10% & ()-31dEbC 10Y"'s10% & ()- 10% & ()-
10% & ()- 10% & () - 0%&%2 #0%§%£’£Q a\dEbC@ggY'sS
10% & ()-'"10% & () - & 3 pog cqveL B EANINPULHHS 40 OPLPULI 1096 & () - Dut dEbC
10Y"s8" 0% & ()- ' 6 1&%&%&9 port extrinsic memory having an input and an output, the input
being coupled to the write interleaver output;
8 (3) a read interleaver having an input and an output, the input being
coupled to the output of the dual port extrinsic memory;
10 (4) abuffer circuit having an input and an output, the input of the buffer
being coupled to the output of the read interleaver; and
12 (5) alog-MAP decoder having an input and an output, the input being
coupled to the output of the buffer and the output of the log-MAP
14 decoder being coupled to the write interleaver; and

(b) a second functional loop for use in the second operational mode, the first

16 loop including:
(1) the dual port extrinsic memory;

18 (2) the buffer circuit, the input of the buffer circuit being coupled to the
output of the dual port extrinsic memory; and

20 (3) the log-MAP decoder, the input of the log-MAP decoder being
coupled to the output of the buffer circuit, and the output of the log-

22 MAP decoder being coupled to the input to the dual port extrinsic
memory.

2. The turbo decoder circuit of Claim 1, further comprising:
2 (a) a multiplexer having an output and a first and second input, the first input
being coupled to write interleaver, the second input being coupled to the
4 output of the log-MAP decoder, and the output of the multiplexer being

coupled to the input of the dual port extrinsic memory; and
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1088 1088 and the second functional loop.

3. The turbo decoder circuit of Claim 2, further comprising a second multiplexer,
2 the second multiplexer having an output and a first and second input, the first input
being coupled to output of the read interleaver, the second input of the second
4  multiplexer being coupled to the output of the dual port extrinsic memory, and the

output of the second multiplexer being coupled to the input of the buffer circuit.

4. A space-efficient turbo decoder comprising:
2 (a) a loop including a decoder, a write interleaver, a read interleaver, and a
first memory; and
4 (b) a first multiplexer and a second multiplexer for selectively bypassing the
write interleaver or the read interleaver in response to the control signal so
6 that the decoder, the write interleaver, the read interleaver, and the first
) memory implement the logarithmic maximum a posteriori algorithm (Log-
8 MAP).
5. The space-efficient turbo decoder of Claim 4, further including a controller for

2 generating a control signal to control the first and second multiplexers.

6. The system of Claim 3, wherein the first memory is the only extrinsic memory

2 employed by the loop to implement the Log-MAP algorithm.

7. A space-efficient turbo decoder comprising:
2 (a) achannel deinterleaver in communication with a first memory;
(b) a logarithmic maximum a posteriori decoder (log-MAP) connected at an

4 output of the memory, an output of the log-MAP decoder connected to a hard
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10 decoder, an output of the first multiplexer connected to an input of a second
memory;
12 (d) a read interleaver connected at an output of the second memory, an output of

the read interleaver connected to a first input of a second multiplexer, a
14 second input of the second multiplexer connected to an output of the second
memory, an output of the second multiplexer connected to an input of the

16 first memory; and
(e) a controller for selectively enabling inputs of the multiplexers to so that the
18 log-MAP decoder, the write interleaver, the second memory, and the read

interleaver implement the Log-MAP algorithm.



