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THE | NVENTI ON Fi el d of Invention: PCT/USOL/ 51434 10 This invention gt

~td wirel ess communications systenms. Specifically, the present invention

rel ates toW@ER69802f fi ci ent turbo decoders enpl oyed in w r FEEYSOIEAHH
Division Multiple Access (CDMA) communi cations systens. Description of the
Rel ated Art: 15 Cel lul ar tel ecomruni cati ons systens are characterized by a
plurality of nobile transceivers, such ag nobile phones, in communication
with one or nore base stations. Each transceiver includes a transmtter and

a receiver. In a typical Cgﬁl& ] Lo frequency (RF)
signal is 20 received by Aﬁﬁ'ﬁmmﬁ@ﬁiy‘ an RF section to
an Internediate Frequency (IF). Signal processing circuits performnoise
filtering and adjust the nmagnitude of the signal via analog autonatic gain
control (AGC) circuitry. An IF section then mxes 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

processi ng, such as turbo dg ' Vl‘ﬂﬁ g%ng ta. Simlarly, the
transm’ttgr receives a digi %ﬁ*ﬁmmﬁ%@%ase an Of;ﬂflocessor 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 internedi ate frequency. The gain of the transmt signal is

adjusted and_th F signal is 30 converted to RF in preparation for radio
transm ssi onﬁﬁ@ﬂ%@S WO 02/ 069503 PCT/ USOL/ 51434 2

10 This invention relates to wireless communications systems. Specifically, the
present invention relates to memory-efficient turbo decoders employed in wireless

Code Division Multiple Access (CDMA) communications systems.

Description of the Related Art:
15

Cellular telecommunications systems are characterized by a plurality 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.



The link between a transmtter and a receiver is a channel. To increase
system capacity, receivers in the nobile stations and base statiofig ARRSH0S
effectivel e at lower Signal-to-Interference Ratios gSIRS or the
SIR of thexgﬁﬁﬁﬁé%m%ust be increased. Special coding schen® T&ﬁébgﬂﬁén
enpl oyed to reduce the required SIR 5 Coding for comruni cations signals

I nvol ves the addition of redundant information to the signals. By
strategically addi ng redundancy to connunifations signals transmtted in
noi sy environnents, errors introduced by a“noi sy channel are reduced to a

desired | evel. As shown by Cl aude Shannon in 1948, if the information rate
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rates 25 at simplayed v meeispepdrarmenttanes-Tespesfosmanne is Wefficuls on #RPoSsiple to As
an essenti al LB of the turbo code, code interleavers and deinterl eavers
nmust be inser between the conponent code encoders and decoders,

respectively. The Peihfiovaiecpaforinahboof § ddRtess epmimtimicutions eystangh fa i)
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individual bits of a given codeword are separated and transmitted at different times.

Consequently, bits of a given code experience independent fading, where the bits

affected by an error burst belong to several codewords. At the receiver, received

signal samples are deinterleaved before decoding. Several types of interleavers exist,
20 including diagonal, convolutional, interblock, and block interleavers.

Turbo codes are serial or parallel concatenations of two or more constituent
codes that have been separated by one or more code interleavers. Turbo encoders and
decoders are oftén employed to improve error control and to reduce the required SIR.
Turbo codes are often decoded with an interative algorithm to achieve low error rates

25  at signal-to-noise (SNR) ratios approaching the Shannon limit. As an essential part of
the turbo code, code interleavers and deinterleavers mﬁst be inéerted between the
componeht code encoders and decoders, respectively. The performance 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. commiunications systems, turbo encoders often produce

parallel concatenations of a constituent convolutional code and one or more
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- The encoders typically include one or nore convolutional encoders connected
~through one or nore interleavers. The corresponding turbo . gnerally
i ncl udes i WRSIE3 out er Logarithmic Maxi mum A Posteriori é&ﬁ@gﬁﬁﬁg
decoders connected in a |loop having an interleaver 5 and a deinterl eaver.
The | oop inplenents an iterative algorithmto approximate a Log Likelihood
Ratio (LLR). Conventionally, if an LLR > G, the decoded bit is nost |Ilikely
1, and if the LLR < 1, the decoded bit is™nost |likely 0. Based on the LLRs,

the decoder outputs either a |l or 0. representing.a.hard,decision. The
recursive prdetedeavednysreigry of dhe eden; r;[é‘et ﬁ%cq(%ﬁﬁstﬁ’écaé | MEP9En QY OF - ToRis
Al gorithm and ingl udes { LQ i S t 4 I _onerk
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recursion. T‘EoﬁE%ﬁﬂ&iﬁgt habef Hesiden caenrpdllyc datludés titmdro addcouter sLogani¢hmic nor e
of the constituént decoders is often replaced with a _nultiplexer an t wo

extrinsic nedaiimsm A Rosteriotit(oghad?) despdars Fennepigdan iadeor haangn infrsleaysto
decoder | oop so that si ngl.e .15 decoder. may. repl ane .ar S
Whi e rmai Bt aieh AgerEleRtic iTGras? FRRBGRNE T AT a g GapBRainde ALY
Unfortunat el y.. schq tpIERO odebavatioRAlY, 68 Uinf ELRt > |(Bahé deysle@ it isniost
menories, on 11t<o store inforrmation fromone | oop section while the_decoder

is used for il QR thediRsed; therderoded/bis is mestdikelyThe Basad omitbe & Liksnihey
banks are often | arge 20 and _expepsive, vielding.large d _expensi v
wirel ess comdaendsaoPripyts ket ador Q—ﬁﬁ%,eseggﬂﬁég“a&gfi%‘??gvhﬁﬁéec ﬁlvq B o%gss
cost-effective - s L UEBg ®EGC B Rhinbng ifdhesIwat em
that does notemrpzt%%firﬁgﬁgﬁégﬁmeextﬁé?‘g'g{lséy%rermry banks. There exists a further
need for j§ Wins@irRes of thEmetricadaloniaors wae qerferpingyd fayward eecupsieneand theQthert
turbo decoder and a correspondi ng nethod for obviating the need 25 for dual
menories in PcdompAERbIEkVIRdIECHEOBders. There exists a further need for an
efficient dual por LO$ ﬂﬁ?‘@i AP RSt bff 3o 86cotletsh onB&r more of the
space-efficient tt}tr gﬁﬂﬂégé;gﬁdﬁgre 0 tcﬁe present invention. o .
constituent decoders is often replaced with a multiplexer and two extrinsic memories.

The multiplexer controls signaling through the turbo decoder loop so that a single
15  decoder may replace one or more decoders while maintaining the functional integrity
of the turbo decoder.

Unfortanately, such turbo decoders often require at least two extrinsic
memeories, 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 V;fiﬂl the space-efficient turbo

decoder of the present invention.
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need iin the art is addressed by the systemfor elimnating a redunda é

menory ban'ﬂvd)ﬂzl@@%dzg' ts] circuit while maintaining the overgglmjsﬂpgﬁbﬁnal
the

integrity of the digital circuit. In this illustrative enbodi nment,

di scl osed turbo decoder circuit is adapted for use in a turbo decoder of a
W rel ess communi cati ons system The disclosed turbo decoder includes a
first node of operation in which the turbqg decoder 1o uses a first
functional lo>p. The first functional |oop includes a nenory bank, a read
interleaver, a first multiplexer (MJI), a RAMfile, a | og-MAP decoder, a
wite interleaver, and a second MJX. The discl osed turbo decoder further

i ncludes a second node of OPFUMYWWEEEIWPI@N unctional loop is
used. The second functional | oop includes the nenory bank, the first MJX,

the RAMfile, the |l og- 15 MAP decoder, and the second MJX. In one
enbodi nent, the nenory bank is a dual port extrinsic nenory. The discl osed
turbo decoder circuit smﬁtches between the first node and the second node.

The di scl gsed net hgd PR t d1fthindhng WoreAtthdanB'Si C
menories rn a turb d‘gcgid%r y se &k ve 3’&3&’&8 yﬁﬁgﬁg si ngl enéext rcl nsi c

menory for  ZfHem§s Baaklina cﬁgi@ﬁrcﬁﬂcmtdﬁﬁMﬁmnfmng |ﬂancra]é(fumalmala1mtbgfnby of wo
di fferent operational nodes. BRI EF DESCRI PTI ON OF EEE)QA EIGB 25, Fi dis
a bl ock di agrthcrﬂngﬁtahcmmtelhst@ elbmanvwzamb@qh@e@ystb%ﬁise F qdgr crrcuit

accordance wi.th the teachin cl keidlat arhed
di agram of a E&H?ﬁgﬁq f%&f f bZongg%ﬁgr adag*lﬁlgl Fg Qomgzghu&ggo% ﬁs %ﬁe
conmmuni ca i Onfschosel Qb8 debdder uicludasg first ined@obbperkticti mowhirhdhe tirbe dewder onal
turbo decoder. 0 4 APR 2005 WO 02/ 069503
10 uses a first functional lo>p. The first functional loop includes 2 memory bank, a read
interleaver, a first multiplexer MUX), a RAM file, 2 log-MAP decoder, a write
interleaver, and a second MUX. The disclosed turbo decoder further includes a
second mode of operatin in which a second functional loop is used. The second
functional loop includes the memory bank, the first MUX, the RAM file, the log-

15 MAP decoder, and the stcond MUX.
In one embodiment, the memory bank is a dual port extrinsic memory. The
disclosed turbo decoder sircuit switches between the first mode and the second mode.
The disclosed muthod and apparatus eliminates the need for an two extrinsic
memories in a turbo decoder by selectively employing a single extrinsic memory for

20  use in two separate devoder functional sections and for two different operational

modes.

BRIEIF DESCRIPTION OF THE DRAWINGS

25

Fig. 1 is a block diagram of a wireless communications system constructed in

accordance with the teachings disclosed herein.
Fig. 2 is a more -Jetailed diagram of a conventional turbo encoder adapted for

30  use with the communicaions system of Fig. 1.

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




PCTI USO01/ 51434 5 Fig. 4 is a nore, letailed block diagramof the 04 APR 2005
space~efficient turbo decoder of Fig. 1 having only one extrinsic nenory.
"Fig. 5is a timng, diagramillustrating the read and wite tinming of the

t ur bo decB’&’e‘P’“&?&ii g. 4. 5 Fig. 6 is a nore detailed di agr%éﬁ’ﬁ]\w’?sﬂé“
space-efficient extrinsic nmenory of Fig. 4. Fig. 7 is a diagramof a
conventional CDVA 2000 turbo code interleaver enployed to read and w ite
the dual port extrinsic nmenory of Fig. 6. 10 DETAILED DESCRI PTI ON CF

EMBODI MENTS Whil e the presertfly disclosed nethod and apparatus is described
herein with 15 reference to illustrative: enbodi ment 561%,0[ Qaré’i ﬁul ad[e
applications, it dhput s dmormdsailaddelack Aisgrammel {he\apacs-sificicnt figho ApeRder af
thereto. Tho ving ordinary skill in the art and access to the teachings
provi ded her ﬁ&%%&@é&gﬁ?%ﬁ”‘&aﬁﬁ?%ﬂ‘aﬂ- nodi fi cations, applicatic ns, and

embodi ments wi thi rpig\bhf ?sSEQil?ﬁnt! hieeh @nstrARg the 90l and weltel Siming b kehtuiie
u

prese it invention d be of significant utility. 20 Fig. 1 1s a block
| i agr am of a detoddresBigcdmmuni cations system 10 constructed in accordance

with the teachings_disclosed herejn.. For clarit valrl ous conpaonents uch
as antennds, powerFigupH aé%?rea%%ﬂsarfaa%%@?@,S¥é%$ﬁ'rf‘f"'}°é'f§3‘ I¢ memoty H@t
shown in Fi%. ]Z1 however these art well know to those skilled in the art.
As such, one SKiTled in the art will know how to i mpl ement such conponents.
25 The system 10 iFjjcY udl@esdiagtanargm tonvegticeali CEMAR 2000 mrbecedevinterlawer ce
14. The transm tting device 12 incluydes an_information_source 16, a source
encoder 18, emmpoyedite sepdandrwite the dﬁéoﬂﬁémqmﬁm"%oﬁ'@t %lrdes a turbo

encoder 22, a channel i-nterleaver 24, and a no lulator 26. An output of the
i nformati on source 16 is input to the source encoder 18. An output of the
source engoder 18 is input to the turbo 30 encoder 22 of the transi utter

20. An output of the turbo encoder 22 is input to the 0 4 APR 2005 WO

02/ 069503 ‘

DETAI} ED DESCRIPTION OF EMBODIMENTS

While the preser tly disclosed method and apparatus is described herein with

15 reference to illustrativi: embodiments for particular applications, it should be
understood that the inve:tion is not limited thereto. Those having ordinary skill in the
art and access to th: teachings provided herein will recognize additional
modifications, applicatic ns, and embodiments within the scoi:e thereof and additional
fields in which the prese 1t invention would be of significant utility.

20 Fig. 1 is a block liagram of a v;fireless communications system 10 constructed
in accordance with the izachings disclosed herein. For clarity, various components,
such as antennas, power supplies, clocking circuits, amplifiers, etc., are not shown in
Fig. 1, however these ant. 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 icludes a transmitting device 12 and a receiving device 14.
The transmitting device 12 includes an information source 16, a source encoder 18,
and a transmitter 20. ‘The transmitter 20 includes a turbo encoder 22, a channel

interleaver 24, and a mo lulator 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 transiaitter 20. An output of the turbo encoder 22 is input to the
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interleaver 24 is input to the nodulator 26. The receiving de vice 14

i hcl udes a ' 28 connected to a source decoder 36, j l:&ieQnnect ec
to an infopﬁggﬁ%%ﬁgink 38. The receiver 28 includes a 5 dgﬂggﬁﬁg?%%QBO, a
channel deinterleaver 32, and a special space-efficient turbo decoder 34,
which is constructed in accordance with the teachings disclosed herein. An
i nput of the denmodu ator 30 is connected o an output of the nodulator 26 of
the transmtting device 12 v a a wirel ess channel 40. An output of the
denodul ator 30 is, .connect to, an [ nput f .the .channel dejinterleaver, 32.
An out put of chmel w&ﬁﬁ%qver E‘;%dei’?'ﬂ é’P#pé‘g\Pé rtﬁgzc]]agn%loi,rﬁ?r%@y ‘érdﬁll; dg AP 19 £P%f
the turbo deg&ﬁg&mﬁﬁm An out put of the turbo decoder 34 is inpu: to the
sour ce decodeér , an output of which is input to the information sink 38.
The turbo decoder T4 rededving &l vieptliddnelbdescateceiyef 28 dbamscteddotasurcehdatoder

dei nterl eaver 32 as discussed nore fully bel qw. %%FratLon, formation

] ) I n he
source 16 pr86i achy &5 cennackKale apr FFBHOR 1Bk 13§ 1 °t!’?éelé’%?ée‘n€mﬁ%|@r 18.
The inforpation urc 6 . [ ' S . eypad
or mice of&horqglfm‘g‘f atgﬁgtq%e? @ét]'iés%edlﬁ&g@gﬁ?’ a%tedt g@ﬁ?f%ﬁ%csésfgglregg tare]:}riljcoder

18 digital 'y gekyeer 98Swhizhas Bahbiittdd Rvicderdialive With theftedctinigs aischsed herelh. i nt o
a predetermned electronic format that is suitable for use with the turbo

encoder 22. Ascinpueteofethe ddmoduzias 39dia spnnacieddaoamoytput ¢fthe modulpter 2feehithes of

t he source encoder,. 18, 20 applicatign-spegs fi b -one
skilled in tﬂ'én%P‘fmf%d%%eta{fN@ ‘558@33 ‘%P“ﬁag‘ﬁ;e%ﬁé%gﬁ’f @g%ﬁleoc% iﬁga?%}u ot of
the source epgafefedld 4if RS QF the Thbhdet Wirddridhives Bal Ahaputhiftthe dhannathi ch
represent either 1 or 0. I'n thecé)resent enbodi ment, the turbo encoder 22

encodes tihe Weinterighverrd2oisaconnedsed tonare inpap ok thenturbry decoger 34| An eWRBelWst | on

of 25 Recursiv ste l.c. G.invelutiaonal S 0 I '

t ur bo- enc odeﬂlrg‘? cod&l?&& Fhifee POOI?‘F YR gﬁ%oggr %h%neS@%tv%r lﬁ‘ﬁﬁ ?#ﬁéhgﬁ)a%’ﬁ el

i nterl eaver ZffomeRioSink BOPTL=Rinbs débdted 305RovEes apvitmal faling tdedbacktd thect i on
a so that bits at an th location are noved to a location a(t) in accord,

ni ce with thehgeeldrintedenyeni? as diseussehmorerfulylbelayer 24 may be inpl ement ed
as a blo kinterl gauel il hd dr6RtRiod 3bhrck T6DrvidBDéide RpRAK of BikieP¥ata to

15 the source encoder 18. '’he information source 16 may be a human, an input device,

such as a keypad or miciophone, or another data source, such as network. The source

encoder 18 digitally encc des information provided by the information source 16 into a

predetermined electronic format that is suitable for use with the turbo encoder 22.

Source encoders are gen rally known in the art. The details of the source encoder 18

20  are application-specific ¢nd may be chosen by one skilled in the art to meet the needs
of a given application.

The output of th¢ source encoder 18 represents a stream of digital binary bits

dy, which represent either 1 or 0. In the present embodiment, the turbo encoder 22

encodes the bits dy ino a turbo code representing a parallel concatenation of

25  Recursive Systematic Convolutional (RSC) codes. The resulting turbo-encoded bits

are input to the channel :nterleaver 24. The channel interleaver 24 reorders input bits

via a pseudo random per. nutation function ¢ so that bits at an i" location are moved to

a location 0i{f) in accord: mce with the pseudo random rule . The interleaver 24 may

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

30 row and reads out the data column by column.
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PCT/ US01/ 51434 7 The re-ordered b is are input to the nodul ator 26, which
" prepares t jgital turbo-encoded interleaved signal for .SSj.on over
the wrel e@@ﬂ?hﬁ%ﬁ& 40. The nodul ator 26 includes t aseba‘;réﬁﬁ%’mls I 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 preparatign for radio transm ssion across

the i hannel 40. The nodul ator 26 al so perforns functions such Pseudo Noise

(PN) sprea ling, wherein in-ghase and quadrature si gnal .conponents are
mi xed with correspgbaderegdared binhere Bpyt (hthsrapawlator sk Poichprepires the digital

i ssion, Th | 6. al i | '
S onal 4o Cwinbnrenet i nEhevdiod fol FibeReRln BherthE ML chie 00 e ¢,
antenna (not nﬁaﬁm}p{ 26T R 1RE RN 03P Riketsh@ot SEGVY) Wlichewp-eshviA dighal ves

W reless signals output fromthe nodul al or 26 of the receivi ﬁ% evi ce
12 and transbhdcbast aipnalssoutwe bynithee charmet Miateriedven @4 tonItheigaalssandt s peBiE i ¢

enbodi ment, the wireless signals 42 are . Code Diyision Miltiple ces
(GO "1 Gnars e iophsheva) Kb apasT el sipants RSt FiehBndufrratioso

I ncl udes a cha | | [ k ' : an. |
| Pt o basebatdnassf ebifRy e, Hfind 407\ Shd RiRUIERGr 76 Beb AEnpy fiCbRY Aok ye
recei ver : sPgeutio/Ndiss GO® spesadingevhbrein ingplese endjudhiatiee ©fnad compbrerntomre

receivers. Each stage es imates_the recejved si _na{qqf rom each user of_the
system 10.  mh¥ed with cerpgpoading P BMCHPRS WRIERAT ST (FRPISHORY 3Pt he
overal |l receiyv | . oSt loh 80481 WhRh if 8GeinMB-af rom
t he user of Pho?ﬂ{afogrnfsdmg{iﬁiagggg}elﬁcs%ﬁ% %? ?{et ﬁ%ﬁqgﬁg{éc back in,1 yielding a
resi dual 1@i gaédoss the ehmitieC ) aiad tearsiritteramtenna (otiskownle. The denodul at e 30

dorodul at ed si gnalThe CSmORBIaEH aiihel DecFAERIMECRIGe K5 O WeCIE ARas 2
deinter| eavehudihe gghp&a%fﬂnsamr b@%f%@é@éix@ﬁ%ﬁcﬁb& 18| shdVikahshiiedP RIS k1 ON

function e c, S he inverse of the perfrutation function a of the
channel wireless channel 40. In ‘he present specific embodiment, the wireless signals 42 are
Code Division Multiple Access (CDMA) signals, and the system 10 is a CDMA

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

followed by RF-to-IF an 1 IF-to-baseband circuitry (not shown). As is well known in

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

receivers. Each stage es imates the received signal from each vser of the system I0.

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

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

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

The demodulato: 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 ~he inverse of the permutation function o of the channel

interleaver 24. In the pr:sent embodiment, the channel deinterleaver 32 outputs a bit

sequence representing | paralle] concatenation of constituent RSC codes with

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

30 decoder 34 decodes the ¢ einterleaved bit stream using the well-known Logarithmic A
Posteriori (Log-MAP) al torithm.




interl eaver 24. In the present enbodi nent, the channel deinterl eavgy ?g& 003
outputs a bit sequence representing a parallel concatenation of c n‘b | Ejent

RSC codes wd srueo68gi tional noise and inte Terence terns addger/p¥oldi$ss
wi rel ess channel 40. The turbo 30 decoder 34 decodes the < el r{tggr]?eaved bit

stream using the well-known Logarithmc A Posteriori (Log-MAP) alorithm O
4 APR 2005 WO 02/ 069503 PCT/ US01/51434 8 Unli ke conventic nal turbo decoders
that require two or nore separate extrinsigc nenories and/or two of nore

separate Log- MAP decoders, the turbo decoder 34 is space-efficient, in that

It [ | ) trinsi d | ne Log- VAP ..
Consequent .t he UKB SotsRbisap SHpo kg At teoi vBb: M sEEEE i

than its conye iddeenal/or WOt & Mafel sepdirteS] BEINIAPT ®dE4s,! e thitbederBdec 9% ts Of
the associated recelving device 14 of the digital conmmunications system 10.

The decoded spgeaifficéntoirn fhat itfrequiresivaly omdextdesiodesm@y and cnly ese LogeMAR t he

digital signal dk input to the turbo encoder 22 of the transmttin evi ce
12. The decdawagesi gaanseapent&st%nwm tq%?‘ﬁ‘de%‘bd@ﬁly hed Mage 3 dilgss

d d 36. | | ; ) ' ' [ ' ' 38.
Fo. 2 o pbpasive iy GRORRIAR Aol bk TR sl ) T R o

adapt ed for age6iatdirbcdi ViR dewoe N4 efthedligit koi@ianichtiohs §ysgem 10. The fol | owi ng
review of the conventional turbg encc der 22 is intended to facilitate an
under st andi ng pr eTapdbsodedi sighasdd ompuhfidmathd nabpdeeddes 34 iSarTértinhate o thencod
X 22 includes a first delay 50, a second delay 52, and an interleaver (it)
54, each (f dhimhsigraiedympuhe: diegiturbo ehiades 22eafimhdkramsmittipgtdevine bt plie  Yak
of the first delay 50. g input to a puncturing circuit 56. An output of the
second del ade&led signalpd} i thea fiithestdecordedhmd fognatigdoiethe sopiee deredars36 mput
to the puncturing circuit 56. An output o' the interleaver 54 is input to a
second e oderepa@tionfursutpg by theinforpaation sitkpifk to the puncturing circuit 56.

Ine PUNCEUr 19 s SRR AR bRt CobBRGIPIIRh chiof 23UAA! O

encoder 60 aff [3SGwit #R0&InEmu rications system 10 of Fig. 1. The following review of the
conventional turbo enccder 22 is intended to facilitate an understanding presently
disclosed method and ap aratus.

15 The turbo encod:r 22 includes a first delay 50, a second delay 52, and an
interleaver (1) 54, each «f which receive the digital bit stream di as input. An output
yox of the first delay 50 :s input to a puncturing circuit 56. An output of the second
delay 52 is input to a first encoder 58, whose output yix is input to the puncturing
circuit 56. An output o the interleaver 54 is input to a second encoder 60, whose

20 output yy is input to the puncturing circuit 56. The puncturing circuit 56 provides
output to the channel in erleaver 24 of Fig. 1. In the present embodiment, the first
encoder 58 and the secor. d encoder 60 are RSC encoders.

Iﬂ operation, the “irst delay 50 delays the digital input sequence dx and outputs
a corresponding shifted tligital sequence ygx .to the puncturing circuit 56. The second

25 delay 52 delays the digiial input sequence dy and provides the corresponding shifted
output to the first encoler 58. The first encoder 58 encodes the delayed digital
sequence using convolwional coding techniques. The encoder 58 then outputs the

corresponding encoded signal y;x to the puncturing circuit 56. Similarly, the second

encoder 60 encodes the (ligital interleaved sequence output by the interleaver 54 with




In operation, the irst delay 50 del ays the di gital input sequence dﬁ 3&1
outputs a corresponding shifted digital sequence yok.to the punct 4 B 1005

andprovi QB0 CRERTE T oopondi ng hi fed outpul o the 1irst ERBSHET s “Te

first encoder 58 encodes the delayed digital sequence using convol utional
codi ng techni ques. The encoder 58 then outputs the correspondi ng encoded :
ignal Ylk to the puncturing circuit 56. Signlarly, the second encoder 60
encodes the digital interleaved sequence cdutput by the interleaver 54 with O
4 APR 2005 WD 02/ 069503 9 PCT/ USOL1/ 51434 a predeterm ped _permutation
function it. aTpedeteosinsd PErmMEaEED AIPGHSN tFe %Fég‘b‘&ﬁdpﬁgm@ﬂc%@&}%i%al

y2k to the puncturing circuit.56, The _puncturingd.ci it 56 sequences the
paral | el si gﬁﬁF@Wﬁﬂ‘%gfﬂﬁ? egﬁmk}@kitﬂp‘% %uncglﬂ?g%él%g{etgﬁénce, i .e., turbo code
that is provided %eygﬁcﬁﬁag%ﬁkui& BEAEhRANES ﬂ%‘ba@ille'fis%nals%;&yllk]'ﬁﬁd Parigtold i ng

circuit 56 may al so just the code rate of the output signal to nmeet the
needs of a gisigl sRéiceat.e.oturbd bedd thabis poeiiidto 2 dironel interlepver 24 ofsFig. 1/ 3

rate turbo encoder, wherein daia sequence f Kk input. bit re ed fo

code vvolrjdi oft. Jipe PW%BBSF:WES mﬁsyﬁéj%? J‘c‘%éﬁepﬁﬁﬂé"tlrﬁ u‘?fdﬁ)elcp‘?tl?ﬂ'st‘g%%?@eﬁg 1/ 3
t de, h t . i .2 G ;

banct ur i ng. | T s SRR SR ppplEhdorl pmo RubBEnEaRe a2 UAR FEC N Al Ditte

convent i onal 168 BNEddet, vikabincRtheseqaetdes af kanpndits ard mappdd torootihevoirds ef 3ARSC
encoder 58. The Viterbi algorithm conputes, a Maxinum Li k‘fl 'h]hood (t{;/L)

sol ution, whisphbolepThseutrit of themmeturing AiEgBit o048 4 Jehrate 69de: NgREYRTIRe ARt a
bits mgiven recei ved sequ e i than MAP if we knows the a
priori infor ﬁ%?ﬂ?ﬁ BcT&? |§Q|Eh ?ynﬁoo%n)albfg%, A 15 ML is essentially equal

to the Mp al gori tiing) well h@otwar Viemdhe cOgirittmi & bRereatédTed deeodepa iconventional
information, and use it for MAP decodli ng. To decode the turbg%ge oq?,d gj gnal
eﬂﬁlﬁf 1terbi

42 output fr comtdhetionabieddes suches agodeiogtput from the firs ReGicngodsy
cquations (1)t RGOUAR (s 3 EalifeBERE IRERhYoM BlIY.5 b1k, Wfich iphendREOARE: 70
probable sequence of transmitted data bits m given a received sequence y. ML is
worse than MAP if we knows the a priori information (no a priori information, then
15 ML is essentially equal to the MAP algorithm), the turbo decoding is to estimate a
priori information, and use it for MAP decoding.
To decode the turbo-encoded signal 42 output from the modulator 26 of Fig. 1,
the following system of equations (1) through (4) are iteratively solved via the turbo
decoder 70: ' ‘

20

Ay =log( P[f.i" =1|yo,y,,22]} (1]
Pld, =0|¥,.Y1,2,)

sz =10g{P[§k =1|Yo’Y2-z1]]f 2]
Pld, =01¥,,y,.%,]

25  where a tilde over a variable represents its interleaved value: and
A,, s the first Log-Likelihood Ratio (LLR) associated with the estimate d, of

the received data;




Al =log rP[ak =11Y0, Y1, Z2I | P[dk = 01 YO, Y1, ZZl P[d= 11YO, Y2, 711

|l og Pl.ak =O | YO YZ ZI| 25 where a tilde over a variable representsﬂlltt%DR 2305
mterleave%&ﬁ{&? and [1] [2] Ali is the first Log-Likelihood Ratio (LLR)
associ at ed ¥ estimate dk of the received data; 0 4 APRTASGHSIASS
021069503 10 PCT/ US01/ 51333 A2k is the Log-Likelihood Ratio (LLR) associ ated
with the interleaved version dk of the estimate dk ; y, is a sequence of
observed systematic bits yok output fromtfpe delay 50 of Fig. 2; 5 yo
represents the interleaved version of y0; Y, is a sequence of parity bits
Yl k output fromthe first constituent encoder 58 of Fig. 2; y2is a
sequence of pari tf.bils heyae-bikepheod Ré%(h@ké‘@@ﬁéfeédﬂﬂl ﬂlﬁdéﬁﬁfleévmfbm:mm
10 i, represents an _interleaved version of a sequence of bits z, k

representlng so caljl edyextinsl ¢ information output fromthe Iog MAP
decoder 76 when in g ?i rstsmrHl e, "hs di scussed nore fully bel ow, and

Gecader 76 whon' 1 ho & eceafiich dlcousalvel Y Blafl of¢ Su YR B Bl ey RHYC

defined in equatlorl;l&_li. as the Iogarlthm of the ratio of two conditional

5 ¥, represents the interleaved version of y,;
y,is a sequence of parity bits y;x output from the first constituent encoder 58 of
Fig. 2;
¥, is a sequence of parity bits yx output from the second constituent encoder
60;
10 Z, represents an interleaved version of a sequence of bits z,, representing so

called extrinsic information cutput from the log-MAP decoder 76 when in a
first mode, as discussed more fully below; and

z,represents a vector of extrinsic information z,, output from the log-MAP
decoder 76 when in a second mode, as discussed more fully below.

15
A,, is defined in equation (1) as the logarithm of the ratio of two conditional

probabilities. The numerator represents the probability that th'e' feceived data bit
estimate d.'“Jt represents 1 given thaty,, y,, and z,were received. The denominator
represents the probability that the received data bit estimate d . represents O given that

20 ¥,, Y, and z, were received.
Similarly, sz is defined in equation (2) as the logarithm of the ratio of two

conditional probabilities. = The numerator represents the probability that the

interleaved version of the received data d , represents 1 given that ¥,,¥,, and Z,

were received. The denominator represents the probability that the interleaved

25  version of the received data d . Tepresents O, given that ¥,,y,, and Z, were received.



probabilities. The nunerator represents the probability that the reﬁﬁi}‘ﬁ%%
data bit estimate dk represents 1 given that yo, y" and z2 were reckf :

- The denom nator represents the probability that the received data bit

estimate dXOPe¥B8Ents 0 given that 20 YO, y,, and z2 wer PFAGEGS
Simlarly, A2,, is defined in equation (2) as the logarithmof the ratio of
two conditional probabilities. The nunerator represents, the probability
that the interl eaved version of the recei Yjad data dk represents 1 given that
"y0, y2, and i, were received. The denom nator represents the probability
that the interleaved 25 version of the received data dk represents 0, given
that ye , y., andBxtringe mfomcationddts 1), and\RR 2008atedt0 tie06lORS N pPETdUS) 1651434
11 5 Extrinsic information bits Zl k and Z2k are related to the LLR s A k and
A2k of equatquationé (1) andd2] By theyfollbwirfgdquetidnsgespgotatdlygns respectivel y: Zik -
Al k - Yok -Z2k Z2k - A2k - YOk - Zik, where the variables are defined as
provi ded above. [3] [4] The estimate dk of the received data is obtained by
hard limting the output of the |o0g-NAP decoder 76 via the hard deci sj,on
circuit 82 in accordance with the “®g 4w Xni rfgrrequation: (1 ifA2k>0L8k - 10
if A2k < 0 [5] The LLR s of equations.(1) and (2) are conputed iteratively
via the turbo 15 decoder 70 usi ngut Hdaneldo KApwn Log- MAP al gorithm i ch
is described nore fully in a prelimnary report published by Virginia Tech
on Septenber 1998 and witten by MC. Valenti entitled "lterative Detection

and Decodi ng@grrﬂvsﬁ%&%%@ebﬁ%%ar?ﬁ?ﬂ?%g?%h%éé abc;U%? Iterative process is

performed on
The estimate d, of the received data is obtained by hard limiting the output of
the log-MAP decoder 76 via the hard decision circvit 82 in accordance with the

10 following equation:

[5]

k

i = 1 if A, >0
10 if A, <0

The LLR's of equations (1) and (2) are computed iteratively via the turbo

15 decoder 70 using the well known Log-MAP algorithm, which is described more fully

in a preliminary report published by Virginia Tech on September 1998 and written by

M.C. Valenti entitled “Tterative Detecﬁon and Decodihg for Wireless

Communications”. 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,, ¥,, and y,, as defined above. This depunctured

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



provi ded by the depuncturing circuit 72. The w ndow of informationﬂi4s P ;
circul.ated 20 through the decoder 70 several tines before the next V\A'%CBOW f
data is read fromthe depuncturing circuit 72. In one enbodi ment of the

di scl osed M¥Q P¥9%¥d apparatus, the windowis equal to 32 RETASI/HAEZH 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 fromthe channel deinterleaver, such as
the deinterleaver 32 of Fig. 1, using application-specific nmethods that are

9‘8: | yif“’ﬁaﬁi Do “sz%éaﬁeq%%r 28 B B Hhidetd of B combeing Br e hincliPeal 16, A BratRa
Fi 74, i ; ' :
ile ' gﬂnﬁ?f;ﬁnaﬂéo 5%1@59%;“5%& Iﬁﬁgﬂlt%})gcg W02 Q8230304 3he MUX 92,

PCT/ US01/ 514 e decoder e thou as conprising two

| oops. A firshe HANCEiloOT4) allogMARCIaedes 26) £xirite i6letleav@rN8y 288, andexttiasic
i nterl eaver 90, the MJUX 92, the RAMfile 74, a | og- MAP decoder 76, a wite

i nterl eaver 78emandd%n Aegeqonddprctionahinop igeludes theextansicmemasy 38, thsolUX

i ncl udes the rinsi I 8,4t VX 92, ,the RAMfile 7 t he

| og- M- decodds ted A alE B s BB adies 15, 36 windrliemtsBel 7071 s in a
first operational wWadgthd REcHREPIN i B RIr@YshetdiRnal Mbad, the!AeédRPaInplRRRKe
section. In contrast, when the decoder 70 I's in the second operational

nmode, the sedomidfifnehiohalohmp $eobpn.selnt canirass wehgr theedecoibe 70i issin thensecohd
first operational, node qQccurs, ta?‘lconte ts of the RANiéile,é_éf?re.clocked
into a Log | PPRIAHOR ¢, the SCopRg Ipngh OB SEEHAN 15 SMPLeNea; BetPE@E A1
of equation ( i ' tRASSy el ratj IhRg t he
data provi degﬁ%)&op%ﬁ%idﬁ%h%?? ﬁH;{luS§’C| rcwt?{tt‘?gfg{r? a@%@tdé?%wﬁg%@% ?lilgp

val ue forioz (MAPcdecbiar 76.i The log-PIARY deveder 26 estiritentie T R ' A [yBPegleniot €1) 76
to use to generate a current value for z). 1n one enbodinent, the initial
val ue for z iduringrthe fifst Pass ofitapfitst | apgratidRald emald ewsimiS thes datappitovidedt bye the i t e
interleaver 78. The wiite _interleaver 78 éc?'“iiig]d i{)}lec nbi atio:‘]']_lwit.h t he
first extrindUBCHERBISIT®E 76 30Gpf RFEdRicrmiped dpidial ¢3 T 2NERFOAGh 1B HE

out put from thebadMPrdRr AL $s-XAP HORRILE 768 1% to generate a current value for z).

In one embodiment, the initial value for z is zero.

15 The output log-MAP decoder 76 is input to the write interleaver 78. The write
interleaver 78 is used in combination with the first extrinsic memory 88 to implement
an interleaving function on the output from the log-MAP decoder 76. Concurrently,
the output from the log-MAP decoder 76 is stored in the second extrinsic memory 80.

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 providc"c_l with the data stored in the
first extrinsic memory 88. The output of the first extrinsic memory 88 represents

interleaved extrinsic information 7, ={z,,}. The log-MAP decoder 76 calculates the

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

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



the output fromthe | og- MAP decoder 76 is stored in the second EXtUilrnﬂjR('?gUS
menory 80. The turbo decoder then transitions to a second operational node.
“In the 20 ecan perational node, the MJX 92 selects the outhut fromthe
first extr\ s‘]@’ mory 88. The write interleaver 78 and t HECFPPEEIEY i nsic
menory 88 conprise an interleaving function. The MJX 92 coupl es the out put
of the first extrinsic nenory 88 to the RAMfile 74, which stores that
data. The output fromthe RAMfile 74 is jgoupled to the | og-MAP decoder 76.
Therefore, it can be seen that in the second 25 node of operation, the

| og- MAP decoder 76,4is prowvided.w th tored,i e LI Xt hinsic
menory 88. The out‘ab%?r ‘%ﬂ?ﬁﬁﬁ'gngfd Wsstec%‘ié"& eﬁ%ﬁoﬁnmgythgguﬁagpqegé%eﬁ?? s%vﬁches
interleaved @4tg iidIhe it Sfer@ionaNmbde= Thahk first Sp@atiihl Mdedacnees séibetor

cal cul ates the value A2k 'in accordance with fornula [2] provided above. The
out put Azk f rcimuit B¢ selectytheutpetoafceread irtéricaver®) acthe optpandf teMUXK 921, Thhe
second extrinsic mem)é% 80. O AP 0051%\0 0%/ 069?83 PCT/ USO1 514?1»4 13
After conpl etesRRd:sxENRUE SIS 0N g read dicrigayer PY Amplai dACIHBTEANIRE hes

back to t | IS t] | : ' i . F ]
ol octor Sci FlHono; TH8) AP of BT medd syt 30 RPRNENS AR AontinlF

output of the Mg 9. A-E*ésrdh?ﬁoéﬂﬁﬁéié et oY FD 1Y réddl BOfh thBeeddfericaver
i nterl eaver 90 |rrp'f enent a deinterleaving 5 function. The output of the read

interleaver 99 nAPEIRPENbP tiexX MUTKSIZT td HHeOR MM if18 747 21t=shO@kKbe notbaCRoWEVG] VY,
extrinsic information z2 is read fromthe read interleaver 90 and out put by

the MUX 92 t durihg tiRafirstipass pfithe) first pperrtionsd mesdeclwhielh Wag slescribgd rabave); Hae

fi f the fi ' ' i bed , abh
val e of 2 | YebBer i e BRIt sl S p BB QB TR G el
Ther ef or gy t REephP LUt the fopliP hERdkP96 MY 6 cadRing Palud B duigie fogs tld i ng

value z output fronfthe read interleaver 90 are not used in the first

iteration of rdagejmiaterder WOPARCASES usedgNaUE firsi Htefdtidons 6F Whel deasdin®fprbésf i r st
operational node, the RAMfile 74 outputs the stored values of y., y2, and

z2 to the | oflowemexida dorepecpad prss eff thndirsicepesational mege: the RAMsfileotfepuliphtsnal
node, the oufput fromthe. RAMfil 1 4.18S | ed to, the | og- MAP decoder
76. The | og- t%&égg?éﬁ” 9%?30%1&“@52% %etﬁe‘l/gﬁ-m%c'&%?r_?q.he value of Alk is
then coupled to t E]neeftt\ﬁértc%sé, r&hﬁﬁé BVt Z}?erat}-&n%l mode, the output from the RAM file

15 74 is coupled to the log-MAP decoder 76. The log-MAP decoder 76 computes the

vatue of A,,. The value of A, is then coupled to the write interleaver 78. The

output from the write interleaver 78 is then coupled to the first extrinsic memory 88.
The write interleaver 78 and the memory 88 generate the value Z,. The first extrinsic
memory 88 stores the value Z; until the turbo decoder 70 switches to the second

20  operational mode. .
Hence, in the first operational mode, the extrinsic information z, is read from
the second extrinsic memory 80 and coupled by the MUX 92 and the RAM file 74 to
the log-MAP decoder 76 and the output of the log MAP decoder 76 is coupled to the
write interleaver and written to the first extrinsic memory 88. In the second
25  operational mode, the deinterleaved extrinsic information 2, output from the first
extrinsic memory 88 is output from the MUX 92 and coupled to the log-MAP decoder
76 by the MUX 92 and the RAM file 74. The output from the MUX 92 is coupled to

the second extrinsic memory 80 and stored therein.




output fromthe wite interleaver 78 is then coupled to the first %Erpﬂzmﬁ
menory 88. The wite interleaver 78 and the nenory 88 generate the vgl

i,. The fi %ofﬁ(ﬁgéﬂgmi c nmenory 88 stores the value i, unti Eéﬁﬁ%ﬂb&%gpfi -

decoder 70 sw to the second 20 operational node. Hen

operational node, the extrinsic information z2 is read from the second
extrinsic nenory 80 and coupled by the MJX 92 and the RAMfile 74 to the

| og- MAP decoder 76 and the output of the lldg MAP decoder 76 is coupled to
the wite interleaver and witten to the first extrinsic menory 88. In the

second 25 operati ofal pigades hBGurtR aéc%ﬁéxega%nﬁffﬁersitesmrmé Qe RRlenOthe first

output fromthe first extrinsic nmenory 88 is output fromthe MJX 92 and
coupl ed to t hgetatignilAthaiiec adérthe 7&@coyd tdperatioalo tnoda dfar heacRANEfatibe: 7 Evefhe

output fromthe MJX 92 is coupled to the second extrinsi nory .80 an
stored t her eipsedetermingRnurgber WW}%QQ’G?WF/@%%IME‘} &%@k&mﬁpmgt he
turbo decoder_ 7 ontknues to a rpa A t ' LAl | de
and the se_corp& tgf)gfl%é ﬁl]ec?r‘lsé?n %ﬂgl ?%r ﬂfe%‘%ﬁpﬁé\?g’?ﬁho%g E@/‘I’rgr ymergﬁbgé}g% gﬁ%ﬁ%%dgo
nunber of sit GhhddBfid atggﬁraﬁlﬂ e tupbo (decoded FOMMR RGOl terdfions tAaeBRENglRY t he
hard decision circuit . I'n accordance with one enbodi ment of the disc|osed
5 met hod and aftepthegiredsterniined oumbberd dtegasions the betdalesisionceircuit & oupats hard
Accordingly, after the predeterm ned nunber of iterations, the hard

deci si on ci r datisiod2 dyt pdihe betput die@nsestimatellof. ththeriginalpdataj di anpuisto tha e of

the original data dk input to the corresponding turbo encoder, such as the
t urbo encoderoggspohdingeturbo ansdder, stich 2s gle turbg en¢odgn d2 (pfdhe tRngfatar di2eof he

out put ck of THhd HErEredde mEnneat ke 55ed i Al e s e,
o mor e 18- HBo et apghd o Fechast: st eeties? E TR B4 St 10
76 in the SedBmebaaraa ool PR SERERE T (CIPRTC R0yl deramof the
space-efficient tjaer dagdalecaderofrefiriged twoF@f more Log-MAP decoders, one
corresponding to the log-MAP decoder 76 in the first operational mode, and the other
corresponding the log-MAP decoder 76 in the second operational mode.
15 Fig. 4 is a block diagram of the space-efficient turbo decoder 34 of Fig. 1. For
clarity, various components, such as power supplies, clc ing circuits, amplifiers, and
so on, are omitted from Fig. 4. However, one skilled in the art with access to the
present teachings will know where and how to implement any rt_aquisite 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/controiler 104,
which provides scaling feedback to the channe! 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



clarity, various conponents, such as power supplies, clo king circuits,
anplifiers, and so on, are omtted fromFig. 4. However, one skllkﬂfﬁmmﬁhe
"art with access to the present teachings wll know where and how t o

i mpl ement WL sit e conponents not shown. The turbo de%ﬂ@?‘"&lé?"gn of

t he space-efficient decoder 34 elimnates the 20 need for two separate
extrinsic nenories, such as the two nenories 80 and 88 of Fig. 3. The
space-efficient turbo decoder 34 includeskhe depuncturing circuit 72, the
RAM 74, and the | og- VAP decoder 76. The out put of the | og- MAP decoder 76 is

connected to the w | terI er u and
the hard 25 d’é‘EP%qt‘Ethcb?lﬁg ,l{lp aaﬁ?amgi %a}lmt%ﬂﬁﬁlagénﬂgtc’f a%@ﬁ%&(ﬂ%&%’r
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to the channekcoi@l MEX | a4y eAn dRtput oFltlg: sel‘:pnd\MUK 1t svinphatstoi IlhleAMﬂﬁhe‘\
depuncturing circuit 72. An output of the wite nterqﬁ’ﬁlaqfer ected
to a second imgsie cartralies cirepis d Oisccammgeted o sonpek tegm! the r?'h t 30
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input of a segenf 1WREchEHIsAMUN ewRbhing Ry sclebtively andl periddicdlBaseitch fH6mode

out put of the read interleaver 106 is connected to a second input of the

second MUX 1@ftheturimudenodend4 betweerefitsh and/agcondapsrationsh modes as discysasd mere A
node controlle ircuit 108 is connected to control termnals of the first
MUX 100, 5 tﬁgﬁ%§@8ﬁh MUX 104, and the dual port extrinsic menory 110. The

mode control | er Hbéraﬁ@@ of O 1etbs dMSderVB4 GifttibRalBe beildrviel theafigibo
periodically switch the node of the turbo decoder 34 between first and

second oper atdecoder 70wd&g.ds Howeves.ghelssadion of Fig. Byhnemdudeswthewme inderleaychf
Lhe T 00, SCHEL it SR R e e A i
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I nterl eaver 90 the 2:1 MJX 92, and the node sel ector 94 is replaced with a
circuit in Fluyzludbstthatwme interleaver 78, the first MUX 100, the dual port extrinsic memory
110, the read interleaver 106, the second MUX 104, and the mode controller 109.
15  Accordingly, a first functional loop in the disclosed decoder 34 of Fig. 4 includes the
dual port extrinsic memory 110, the read interleaver 106, the second MUX 104, the
RAM file 74, the log-MAP decoder 76, the write interleaver 78, and the first MUX
100. The second functional loop in the disclosed decoder 34 of Fig. 4 includes the
dual port memory, the second MUX 104, the RAM file 74, the log-MAP decoder 76,
20  and the first MUX 100.
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
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the read interleaver 106, the second MJX 104, the RAMfile 74, the | og- VAP
decoder 76, the wite interleaver 78, and the first MJX 100. The second
functional loop in the disclosed decoder 3% of Fig. 4 includes the dual
port nenory, the second MUX 104, the RAMfile 74, the | og- MAP decoder 76,
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mllinmeter space
to the RAM file 74. The output from the RAM file 74 is coupled to the input of the

15 log-MAP decoder 76. Accordingly, the log-MAP decoder 76 estimates Ku (see

eqguation (2)), which represents an interleaved LLR. The mode controller 108 causes
the second MUX 104 to select the output of the log-MAP decoder 76. Consequently,
the output of the log-MAP decoder 76 is written to the dual port extrinsic memory
110. Hence, the operation of the decoder 34 of Fig. 4 in the sccénd operational mode

20  is similar to the operation of the turbo decoder 70 of Fig. 3 in the second operational
mode.

In the first operational mode, the write interleaver 78 and the dual port
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 ie.,a sccoﬁd 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.
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equation (2)), which represents an interl @¢aved LLR. The node controller 108
causes the second MUX 104 to select the output of the |og-MAP decoder 76.
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102 empl oys tt:lba%nglu%npttl'ﬂriea%];r Lj‘aeotl f}%‘ "f‘f‘ﬁ’;ﬂ%‘éﬁ C.%1%51topriately adjusts channel interleaving
functions in response thereto. Those skilled in the art will appreciate that the channel
interleaving feedback path comprising the SNR estimation circuit 102 and the
microprocessor/controller 104 may be omitted. _

Although the present discussion pertains to 1/3 rate turbo decoders, those
skilled in the art will appreciate that the disclosed method and apparatus may be
adapted for use with different rate turbo decoders. Those skilled in the art with access
to the present teachings will appreciate that the turbo decoder of Fig. 4 may easily be
scaled or adjusted to accommodate a different decoder rate or the needs of a given
application.

In the present specific embodiment, the read interleaver 90 and the write
interleaver 78 are constructed in accordance with the CDMA 2000
Telecommunications Industry Association (TIA) standard. The interleavers 78 and 90
perform memory address calculations for data entering and exiting the extrinsic
memory 110 these calculations are provided as control input to the dual port extrinsic
memory 110.

After every certain number of iterations, such as ten iterations, the hard
decision circuit 82 hard limits the output of the log-MAP decoder 76 in accordance

with equation (5) or a similar equation. The output of the hard decision circuit 82 is




76 to calculate a Signal-to-Noise Ratio (SNR) in accordance with nethods
known.in the art. The resulting SNR is provided to the 04 APR 7005
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application-specific and may be determ ned by one skilled in the art to
neet the needs of a given application. The scaling values are fed back to
the channel interleaver 3,2 of Fig. 1, wHich appropriately adjusts channel
interleaving functions in response thereto. Those skilled in the art wll
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In one enbodi nent, the nunber of turbo decoder iterations is fixed and is
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 ﬁode, 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 1:3 DEMUX
136. Eight parallel outputs of the first 1:8 DEMUX are connected to 8 parallel
outputs of the second 1:3 DEMUX 136, which are each connected to inputs of

25 different memory elements that include a first memary element 138, 2 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




between 10 and 20 iterations before hard decision circuit 82 sanples the
output of the 5 | og- MAP decoder 76. However, the nunber iterations#d4PR 2005
applicati on-sﬂpeci fic and may be determ ned dynamcally with reference to a
qual ity neYPi%%Eitn as a Cyclic Redundancy Check (CRC) ndtGT/ES01/51434
Accordingly, other enbodi ments may perform nore or |less iterations, and the
nunber of iterations nay be adjusted within the decoder to suit the
particular inplenentation. 10 Fig. 5is ajgimng diagramillustrating the
read and wite timng of the turbo decoder 34 of Fig. 4. In a given clock
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02/ 069503 PCTI Usoixlgmq@gog,gm reference to Figs. 4 and 6, a bit stream outpt m the og-
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 1.3ased 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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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 intesleaved 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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136 so that LLR s associated 5 with a given synbol are witten interl eaved,
l.e., witten to a nenory el enent associated with the interl eaved address of
the given synbol. The address of a given 2kynbol corresponds to deinterleved
bit-position of the given data frane. Simlarly, the swtching of the

output M.UX's 154g;.156;s ARderhadof & (IOMA 2bd@a:BY cédieinadithes Sl 70edfslbpéd 1ol 62

so that the extrinsic nmenory 110 is linearly read, i.e., the contents of a
menory to el esmEninchaxtitaghe duahgeort ssttineis mesmatpt dOmoh&ig.b§. t Bae Burbopeede i on
of the given data frape. The reading. functionality, of e extrinsic nory
710'1's The | insesaero 70 say e FIRATE it Son SREY oy et dh b as (Do

110. For exampl bd | i : xtrinsic menory 110 is
simlar to rﬁ&?ﬁ?&%%ﬁgﬁgﬁéﬂ?&ﬁ%\ﬁ hlgkgg?ﬂr?g'#gi ¢ 15 nenory, but the
operationg are penyighk fefrende it FRegsset adi@] in tHeeprastait eadbodimhent; the thild cadeei ves
i nput fromthe wite interleaver 78, the node controller 108,, and qﬁcﬂe read

i nterl eaver io&leaveriyl includeses sueelienns saparaterr 174 that E¢R51SY AN IRBYLAGHEHt s to
te MJUX d trol ' | | ol ' g I 1
Pnter i eaved ot Magos MAR defadky: 60 Theapd Adesg Miltisents BE HicYsidien G the

accor dance w'g{vlgnugﬁfpg@g_ational node. For exanple, in the first operational
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110 is witten to and read fromis controlled by the address selector 162

based on t heLopielUp Tabla(LWE)&76s The bitaverses 199 revsnies she mrhatscand e er r om
the node CO“B{n%u o a rloQ;v cglfumlﬁl Smbtner 178. The LUT 176 outputs n 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 receivc& 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 7
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: 0OXXXX, 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.




It will be clear to those skilled in the art that the nbde selector circuit
94 may be inplenmented by one skilled in the art with access to tl, APRHENt

t'eachi ngs i sinple timng and clocking circuitry. F re, read
and wite m%%%@er s, such as the interleavers 78 and 90%&@&%% in the
art. 0 4 APR 7005 WO 02/ 069503 PCT/US01/51434 21 Fig. 7 is a diagramof a
CDVA 2000 turbo code interleaver 170 enployed to read and wite the dual
port extrinsic nmenory 110 of Fig. 6. The td¥ bo code interleaver 170 may be
nodi fied by one skilled in the art for use as the wite interleaver 78 or
the read interl eavehoskQavife dridfhary skifl iVthé aft @he hedreetd hefpresent fadiiflgy will N

the present enbodi nent, the turbo code interleaver 170 includes a

row col um segaogtizer addi@onah anodificasionssapplichtignst andl embedimeants withite theotpoheP
decoder 76. The inpu{ address. represents the bi.t-position of .the j ven data
rane. The. i nplte AbRHeses Meihok g epBua e ARBIBERaR illps Sndfetgod Hafihe
address 10 s e RLARRS lﬁ%' i i : a
row. The row &orumm lggéepar go (I)ér}y?g out".ﬂ g{%ﬂ%ﬂ%@%ﬁ@a@@@%ﬁgﬂxgﬁm@g&%
bits, to & bihepeiticnRemeihtdls and apparhie distlvsddlrein( LUT) 176. The bit reverser
174 reverses the mbits and provides the output to a row colum conbi ner
178. The LUT 176 outputs n bits, one bit for each colum, to a rmultiplier
180. 15 The n,col by ” he row col unm separator 172 are input
to an adder é@f&%cmgﬁgwgfﬁécei ved n columm bits and provides n
out put columm bits in response thereto to an input of the nultiplier 180.
The multiplier 180 nultiplies the output of the adder 182 with the output
of the LUT 176 and outputs n columm bits to the row colum conbi ner 178 in
response thereto. The row colum 20 conbiner 178 outputs mtn bits to the
extrinsic nenory 110, where the upper mbits represent the bit reversed m
bits output fromthe bit reverser 174, and the lower n bits represent the
output of the nultiplier 180. Bad addresses output fromthe row col um
conbiner 178 are selected by a bad address determ nation circuit 184 and

t hen



di scarded. 25 The extrinsic nmenory 102 of Fig 6 enploys the properé3 of this
particular interleaved address generation, nanely, every two cons ZlﬁPR\Zﬂﬂﬁ
interl eaved addresses will have one of the follow ng addresses: OOXXXX,

A XXXX, 10XXXX, and 11XXXX. These two,.gddresses will not have the sanme two
nost significant bits. For other int er2 eavi ng schenes (e.g., for WCDW),
one skilled in the art can easily 30 determ ne the appropriate interleaving
property such that two consecutive IQF‘ rleaved addresses are different in a
certain way, such as by a | ook-up-ta ppi ng. WD 02/ 069503 22 0 4 APR
1005 PCT/ US01/ 51434 Those having ordinary skill in the art and access to
the present teachings wll recognize additional nodifications, )

appl i catilons, Atutbedsowiing arenitvhavinga fing and speondatperdiiondl mollo seapsratitiod and
apparatus. Accordingly, it will be understood that the invention is defined
sol el y by°PRESUEai ms appended hereto and should not be linmted to 5 the

particul ar mt(ﬂpqsfu%ﬂ%nﬂ:l%ﬁﬂlaldé? ok SRk qf afle TRECOPeratiGmP THbdY e AMHABop S
CLAIMED IS: 0 4 APR 1005 23 CLAIMs 1. A turbo decoding circuit having a

first andndedisgd operational node of operation, conprising: (a) a first
nct] onal 1 00p fof be S ARANE Lbr sk oRerab gl e, (he firet Toop
Coupl o Lo the wi T8 P a P et eaar havins an
i nput and an deinmdoppicddo theputitehricrigavecoutpied t o t he out put of the dual port
Ie)ri:)lrj![ ni:c Ct EETTBL%/]C eEél} aare%ldf In(taerrle%ifércﬁzin}ingh%}/li 1r1]1 utagn. " u%ut%ﬂ , 1 g i%gﬁtpgéihgt he
coupled to the output of the dual port extrinsic memory;
(4) a buffer circuit having an input and an output, the input of the buffer
being coupled to the output of the read interleaver; and
(5) a log-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 decoder being
coupled to the write interleaver; and
(b) a second functional loop for use in the second operational mode, the fir second
loop including:
(1) the dual port extrinsic memory;
(2) the buffer circuit, the input of the buffer circuit being coupled to the
output of the dual port extrinsic memory; and
(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-MAP decoder being

coupled to the input to the dual port extrinsic memory.

2. The turbo decoder circuit of claim 1, further comprising:

(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 output of the log-MAP
decoder, and the output of the multiplexer being coupled to the input of the dual port
extrinsic memory; and

(b) a timing circuit coupled to the multiplexer;




being coupled to the output of the read interleaver; and (5) a | og- VAP
decoder having an input and an output, the input being coupled to &thaPR 2005
out put of the buffer and the output of the | og- MAP decoder being coupled to
the wite interleaver; and (b) a secong4functional | oop for use in the
second operational node, the fir secon | oop including: (1) the dual port
extrinsic nenory; (2) the buffer circuit, the input of the buffer circuit

oo e ot aaterin i e et O St B SR BB ol 1
out put  ofanli iRe Bah& lopeiatiedltmodd By %ﬂfﬁcﬁiﬁ% Piiwh thé ‘ﬁrétqanét’mﬁaﬁgﬁ)?d@lﬂ thei ng

coupled to the input to the dual Pport extrinsic nenory. 2. T ur bo decoder
ci rcuit okcanddimetionaklopp.ner conprising: (a) a multiplexer having an out put
and a first and second input, the first input being coupled to wite

I nterl eaver, the second input being coupled to the output of the |og-MAP

decoder, zand g Qoo ctiﬂégjrg(?ﬂclziiﬂ'ze)fﬁﬁhé?%ﬁﬂﬁgﬁgm &goﬁ@n{ulll?plé)(bﬁ,ghe of the

dual port extrinsic menory; (b) a’timng circui't coupled to t

mul ti pl execandOmaltipRRef GOGNE 4nwhepati md & dirstudndi gicond inpadthe Hest inpithbeiog r cui t
establish the first o ational node _and the secand operati gnal de by

Swd tohi nGOBBEMR ARSI stol RieelERisR 4he Pesopd amrt ohihe SEashar R BriSe | oop.
3. The t ubhord85 WELulput G¥ithe BhalChcH BkeinsicUnbiEy, GAINAE Dhiblt 3fIRE9nd

mul ti pl exe?fﬁet he sgg nd mu ?i p?géer @%a\?lmng an&é’ﬁt put andﬁ%l first ang second
i nput, t heuifiplesér bemuoupdddrtg thecimppll efdhd¢ buffertgoonitof the read interl eaver, the
second i nput of the second nultiplexer being coupled to the output of the
dual port extrinsic menory, and the output of the second nultiplexer being

coupl ed tzﬁet hemenwen%ftcmmbﬁ,; WBbrefl fHeUidst n‘fbmoﬁg?s Wes Bﬁ?p??mﬁéi@irﬁ@n?ory

wherein t first ‘nenory 1st only extrinsic nory e oyed by the | oop
to i npl erepiloyedébyl the Riopttd implemexi the fo garifosicenaximiimad prstériommal gérithm.
space-efficient turbo decoder conprising:
5. A space-efficient turbo decoder comprising:
(a) a loop mcluding a decoder, a write interleaver, a read interleaver, and a first
memory, configured to implement a logarithmic maximum a posteriori algorithm; and
(b) a first multiplexer, coupled between the decoder and the first memory, and a
second multiplexer, coupled to an output of the read interleaver, for selectively bypassing
the write interleaver or the read mterleaver in response to a control signal so that the

decoder, the write interleaver, the read interleaver; and the first memory implement the

logarithmic maximum a posteriori algorithm.

6. The space-efficient turbo decoder of claim 5, further including a controller for

generating a control signal to contro! the first and second multiplexers.

7. A space-efficient turbo decoder comprising:

(2) a channel deinterleaver in communication with a first memory;

(b) a logarithmic maximum a posteriori decoder (log-MAP) connected at an output
of the memory, an output of the log-MAP decoder connected to a hard decision circuit, an
output of the hard decsion circuit providing an output of the space-efficient turbo decoder,

(c) a write interleaver connected at an output of the log-MAP decoder, an output of

the write interleaver connected to a first input of a first multiplexer, a second input of the



(a) a loop including a decoder, a wite interleaver, a read interl @xgﬁ gnd
a first nenory, configured to inplenment a logarithm c maxinum a dﬁ ?@ i
algorithm and (b) a first nultiplexer, coupled between the decoder and the
first nmenory, and a second rrultiplexerz,5 coupled to an output of the read
interleaver, for selectively bypassing““the wite interleaver or the read
interleaver in response to a control signal so that the decoder, the wite

interl , d interl ) d.the fi ' t. t
| ogar i ¢ ritet WP Sopefll o Suphpt broealiAp G gt BRI RL S P bo
decoder qhuleipRkER Rrnédéd e ihpet I B8R maNbAo! | er for generating a control

signal to control the first and second nultiplexers. 7. A space-efficient
t urbo decoder (dpapeddsintayleayer)comnetiethatedn detpnt eff the seeond memorymani wémitefi wi t h

a firsi nory;. a |logarithm Xi mum a posteriqri decoder. (| 0g: VAP)
connet edhareal intiasEt COBEU e hRD P Bhe OB eIk § S oRASRILOEr
connecte {-Si | i t h L ircuit
o ovi di ng A mIRGIXEFERIEEA B3 1 Htput Blkhe SHRH m ot o P GBS HR0nE

i nt er | eaveultipkrercainaedcted tcaan oypup of theffirsthwaemory, Mierade dredeg;MAR deadgrnfthef t he

wite interl| eaver connected tQ a first ipput of g first multiplexer, a
second i NP siterigaeery the ppagon o@e@ersfaimc{] the) ey | 1Btesleaves nagc ceRfigredy o out put
of the Iqg; IRFAP of the first nultiplexer connected to an
i nput of qglpgée%%gggq%mry?%?g%%gad interl eaver connected at an out put of

t he second neney ¥ comtrolteartfptiteledtivelyhemabiwmgl inipntsesfl tha\naultiplenere Gb ahlattthe foghi r st

i nput of a second multiplexer, a second i nput of the second nulitplexer

connect edMAE drcasigh.pthe 3mite Hateslsavsid thredesdnd memeny.pand ghe1sad satesigaver

mul tipl ex t _lﬁﬁjp by of the first menory, wherein the | og- VAP
decoder,%ﬁﬁéﬁﬁé\?\lﬁlﬂﬁeﬁﬁn erlél \b/er, ‘the second nenory, and the read interl eaver
are configured to inplenent a | og-MAP algorithm and (e) a controller for
sel ectively enabling inputs of the nmultiplexers so that the | og- MAP
decoder, the wite interleaver, the second nenory, and the read interl eaver
i npl ement the Log- MAP al gorithm




