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Digital wireless telecommunication systems such as digital cellular

and PCS telephone systems also use forward error correction. For example,

30  the IS-95 over-the-air interface standard, and its derivatives, such as IS-95B,

define a digital wireless communications system that uses convolutional

encoding to provide coding gain to increase the capacity of the system. A

system and method for processing RF signals substantially in accordance

with the use of the 1S-95 standard is described in U.S. Patent No. 5,103,459

35 entitled “System and Method for Generating Signal Waveforms in a CDMA

Cellular Telephone System” assigned to the assignee of the present

invention and incorporated herein by reference (‘459 patent).
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FIGS. 1A and 1B are block diagrams of turbo coders when configured
in accordance with one embodiment of the invention;
FIG. 2 is a block diagram of an interleaver when configured in
30 accordance with one embodiment of the invention;
FIGS. 3A and 3B are diagrams of PN code generators when configured
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35 FIG. 6 is a graph illustrating the performance of one embodiment of
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.35 is passed to the next MAP engine 312 for processing the next secWo‘Hl(%qm
. symbol estimates in the frane. For exanple, MAP engine 310.0 would pass the
initiali gf ate 330 to MAP engine 310.1. Typically, t P 1
5J UL g%%g@V\D 00159118 9 PCTI US00/ 40042 engi ne 310.0 doegeﬁ(ytslbﬁlgogwan
initialization state because the state of the coding at the start of the
frame is known. Additionally, the state of the encoder at the end of the
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RSMC 414 which increases efficiency. A systemand nmethod for perform ng k/fggm
. decodi ng that uses a partitioned frame buffer is described in copending
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[ NTERLEAVER MEMORY FOR MAP DECODER' filed on February 26, 1999 30 assi gned
to the assignee of the present inventior/ and incorporated herein by
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During the next tinme slot (2), FSMC 312 processes the first w ndow 0}5 JUL 2003
. synbol estimates (1L) and the RSMC 314.0 processes the second w ndow of 15
synbol (2L}. During the third tinme slot (3), RS Beéhokodhocesses
t he thi rdb(@%ﬁg\n ndow of synbol estimates, and RSMC 314. Ol\%er ocesses the
first window (1L) of synbol estinmates b ng properly initialized by the
processi ng of the second wi ndow of synbol estinmates during the second tine
slot, with the initialization being indi cated by the (1). The processing 20
contlnues unt| t he for\/\ﬁ;d, state metri and reverse state netrics ére
each

gener at ed SYRPALSHMRteashat is substantialiy Séfthtaﬁé at giared 4B # sectpbuter
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the 30 ge%rrtc{bvﬁ M@r%@shg§%¥&%gl I%Qﬁﬁta'teWm?@na{?P Ho‘?x.dr ste9t18f1 I'lﬁfffer 302.
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featurgs disc dher I.n t is..clained is: ~5J UL 2003 13
coal WSS O SR S BC il B adiifioRallTnaeBems, etk etic calfuarots
frequency (RRMC)Jrgene‘rate rreversei ngfate Rhetvignaforamthennwindows bliesynbal gnal
to a digit n,sgfgg a mapper for receiving the digital signal and for
prOV|d|ng a so deC|s|on data based on the digital signal; and a turbo

decoder for redd¥efarably tae FEMC Ad2iandothedREMG Al 4pepenate pyen Wismdovwof si on
data, wheg h{bdlh%titrﬂitlég e ersiemdtiie! pidesr QIMBI SRR tof QIIRE |5 Wildowv'get  of

MAP e |nes for ecoding a,.corr, s ondi n dlffere p op of, a frane
of syhbol Yt gr efsifst i JHUp it s?ﬁtgaswooqtgﬁa.m@ﬁ HEPRIRG of
synbol estsysmnes whﬁhqandmewfhe ennresﬁag’osbﬁa nﬁddl;es}gintettef énbneé rmeettmt her
porti on; r,di g

st i mat s (IR %ﬂ% SR SR Biatribhete BOfERTe Entlrd Hafls BHTRR nex:

si mul t ane@isiciopr (yipikatly e&velree.—)st Poocessings thel ed\tfrﬁ‘et?@ﬁlonpm tthisnenamner

corres pon@e@rw% 'a@ﬁouﬁ‘é&eb@'ﬁeﬁ?&? @b éttaee '\A‘tP tﬁegsta?es ng@tei%g RS tIRE
n ‘5 decodl n ti1on of divid frame of

initi S(t)l zat é

synbo ests??fh‘?%sm? %r%éﬁTBP p&e ﬁ{ﬁq s ‘Heﬁﬁbvﬂtfes‘s?tfg i€N&I28% i on
state tg ahatapltcﬁ;esmthéramlfmgmﬁm and ditectich dsfote pbgressigigndrel séchbﬂl ires
usmgte c e tializ a t

claiml th]léfeﬁé%sg:pd@#t}on 'S FE’%@ tt g‘glttkllrr%%pﬁ% Hye Sﬁqr%aovm (see%trt | Irctgtﬂs ate
and a knomvenﬂpm‘g state 3 The system as set forth in claiml wherein
some of said sqiufiplVRE; ”%h@t %et it irgbbiseaidtN8 YRéWRS ftH OB a| d

ysteira %isfmgéﬁiwﬁéaepﬁt%%e Ry 32, ich el o as ielipgddiatio; wp
engi nes pbé\tthfomafH lanidt reldraétstate mhatrcd eoggeidrate bRiriresigiinformation.
The extrinsic information can be used to perform another iteration of
decoding in accordance with the iterative decoding techniques of turbo
coding. The other reverse state metric calculator generates an initialization

30 state for use during the decoding of the next window of symbol estimates.

Additionally, in accordance with one embodiment of the invention,
FSMC 312 processes the end portion (last window) of the section it is
processing (i.e. the set of symbols stored in the corresponding section buffer
302). This last window processing generates an initialization state 330 that
35 is passed to the next MAP engine 312 for processing the next section of
symbol estimates in the frame. For example, MAP engine 310.0 would pass
the initialization state 330 to MAP engine 310.1. Typically, the first MAP



15 J UL 2003 14 5. The systemas set forth in claim1l wherein sorre cJ)PHDm
. said set of MAP engi nes generate initialization values fromportion of said
set of swbod/s|sti mates that is not said corresponding porRCDUSeN40842 d
synbol estinmates. 6. A MAP decoder corrprl sing: a frame buffer including a
plurality of section buffers for storing?a frame of symbol estimates, each
of the section buffers storing a different section of the franme of synbol
esti mates, where each of the sections is formed by dividing the frane of

synmbol estp ir@s Bl@Op&é{{sahbf YeRH éﬁ‘i‘Hn'PHilflfét‘f%xf\ Oétafeesé‘daﬁgé'%é Satd gﬁpﬂﬂéﬂ' ng

section of t ra StL mat es fromt tion érs an
out put t i ngc‘?qjﬂé‘gr %g‘*’vééi%&ft'i niTageRy 18 KNAWs i ¢ ioraByerthe nttatg of

recei vi ng eneddrespoRdend cfeasii Ramef id Prefbradip keawwao) vﬁs’&ie”ﬁé@%fftéﬂf&ww
map buffer ei ved. section

engi nes ge?\%&g‘?ég?gggﬁlﬁ?lt erfnrzégﬁ'a(ﬂ'?’%’ttaRr@CSV%ECW%irﬁbT%\‘e“faegQ%‘g%Wf’r{]ﬁﬁ% t he
recei véd sartt ibnanmdltepnmtvirdemﬁdthmenttofaihezmvemlm aa MAP enmgind] 3TEmtilimap
Cntial i oafibidfaf H8RCH) BRI e W W AdGF e tRe Wekfud REEI0R Y0 the,
map engi neframg| udeshauldobematedt that the rwmctca/tlcmeﬁ dor finitialtdatiomt {lasgt
forward stgfigdaRy ran%t%”@ﬁ%&&ﬁ/ﬁéégecoghg &egﬁhglﬂf%grsefcﬁbncﬁb‘i#ﬁta“ ng

reverse st te ma&?rl S a|m7 wherern eac
map engi ne aY‘ﬁ&‘P ghesamg) lengihy i hood ratio cal culator for calculating a

1109 Llilloel } h0|0d matsummi hj?aefrpraﬁ@r ?néﬁd)d efoer@ Fﬁdtﬁ{ge Mlem | paffed. 30E1<3nIVAP f
w ndow but FEERGHER. W8 B AR hne o) i Besinei, Benine B8 Pafiae, Lo’
secti on whipplizationoSdrigh ol¥p. di9/\ﬂ83@651\/ enfifleds "MEMORM AR@HITE&WREof
f:lhfc‘;lr ?”?OI?GFIEMQP' DE@UI%RQ%IM ?)n'Hg ?"é%%{ IQZ,PW NYsizhed | BNtV GEGEned Bf A

he present mventlon and 1ncorporated herem by reference. Additionally, a

15 system and method for implementing a sliding window MAP engine is
described in U.S. Patent No. 5,933,462, issued August 3, 1999, entitled “Soft
Decision Output Decoder for Decoding Convolutionally Encoded
Codewords” assigned to the assignee of the present invention and
incorporated herein by reference.

20 Fig. 7 is a block diagram of a highly simplified MAP decoder
configured in accordance with a second embodiment of the invention. The
embodiment of Fig. 7, does not provide the same performance as that of Fig.
6, but significant improvement in the data rate processing ability is still
provided. Frame buffer 400 holds a frame of symbol estimates. Frame

25 buffer 400 is comprised of a set of section buffers 402, which in turn are
comprised of section banks 404.A and 404.B. MAP engines 410 receive
symbol estimates from corresponding section buffers 402 via multiplexers
408. MAP engine 410.0 is shown in detail.

Within a MAP engine 410.0, forward state metric calculator (FSMC)

30 412 generates forward state metrics in response to symbol estimates received
from section buffer 402. The forward state metrics are stored in metric buffer
416. Reverse state metric calculator (RSMC) 413 generates reverse state
metrics which are applied to log-likelihood ratio calculator (LLR) 418. LLR
418 performs a log-likelihood ratio calculation on the forward and reverse

35 state metrics and outputs soft decision data (typically extrinsic data) that can
be used to conduct another decoding iteration or to generate hard decisions.
The other MAP engines 410 and section buffers 402 operate in a similar



1 5 JUL 2003 15 a franme buffer including a plurality of section buff1esr§mf@|ﬂ3'
. storing a frane of synbol estimates, each of the section buffers storing a

di fferenty (?3‘?_@ 1 of the franme of synbol estimates, where ?E?HJS% dolie

sections | orimed by dividing the frane of synbol estimates; fu rality
of map engines for receiving a correspongi ng section of the frarre synbol
estimates fromthe section buffers and decodi ng the received section,
wherein each of the map engl nes generates an initialization state by

decoding a Iast ort| n t ecei ved, sectiop and prOV|des t he
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claim each o ngi nes includes a forward state netric
cal cul at or W@F‘SLS‘F ﬂ? S %\ﬁé‘%&"@t ate metrics and a reverse state metric
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In the embodiment of the invention shown in Fig. 7, section buffers
402 are divided into two banks 404 that may be written or read from
25 simultaneously. This allows simultaneous processing by FSMC 412 and
RSMC 414 which increases efficiency. A system and method for performing
MAP decoding that uses a partitioned frame buffer is described in copending
U.S. Patent Application Serial No. 09/259,665 entitled "PARTITIONED
INTERLEAVER MEMORY FOR MAP DECODER" filed on February 26, 1999
30 assigned to the assignee of the present invention and incorporated herein by
reference. The system described in this patent partitions the memory into
three banks, however, the same principles of operation are applicable. In
one embodiment of the invention shown in Fig. 7, every even (2L, 4L, 2*jL)
window of symbol estimates is stored in one bank 404 and every odd
35 window (IL, 3L ...2(j+1)L) of symbol estimates is stored in the other bank
404. Storing in this fashion allows FSMC 412 and RSMC 414 to access
different portions of the section simultaneously. Other distributions of the
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to by FSMC 412 and RSMC 414 should be apparent and are consistent with

the use of the present invention.

In an alternative embodiment of the invention, a MAP buffer similar

5 to that shown in Fig. 6 may be employed in the system of Fig. 7. In this

configuration, section buffer 402 is comprised of a single bank, rather than

partitioned. Also, the number of window RAMs in the MAP buffer would

be three, rather than the four shown in Fig. 6, because one less state metric
calculator is used.

10 Conversely, the partitioned memory of Fig 7, where the section
buffers are divided, could also be employed in the embodiment of Fig. 6. For
example, MAP buffers 304 could be removed, and section buffers 302 (Fig. 6)
partitioned into three banks for simultaneous access by FSMC 312 and
RSMCs 314.0 and 312.1. In this embodiment, the operation of the section

15  buffer 402 would be similar to the frame buffer described in copending U.S.
Patent Application Serial No. 09/259,665 entitled "PARTITIONED
INTERLEAVER MEMORY FOR MAP DECODER".

In a still more simplified embodiment of the invention, a single state
metric calculator, capable of generating both forward and reverse state

20 metrics could be used in each MAP engine. Once again, this reduces the rate
at which data can be processed relative the other embodiments, but still
provides highly parallel operation when combined with the use of multiple
MAP engines working on different sections of a frame.

While the use of a sliding window MAP engine as described in the

25 various embodiments is preferred, because it reduces the size of any metric
buffers such as metric buffers 416 or 316, they are not necessary. For
example, a set of MAP engines that decode entire sections of symbol in one
direction before starting to decode the section in the other direction are
consistent with the use of some aspects of the invention.

30 In a typical transmit system, the frame buffers 200 and 400 are used as
channel deinterleaver memory as well, with the deinterleaving being done
by writing data in, or reading data out, using the interleaved address
sequence. Additionally, in other embodiments each section buffer may
contain overlapping portions (sections) of the frame. These overlapping

35 sections allow each MAP engine to initialize itself, and therefore removes
the need to transfer initialization states between MAP engines.
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During a first time slot (1), the MAP engine 310 processes the Mth

10  (last) window of symbol estimates using the FSMC 312. The state of FSMC
312 is then forwarded to the next MAP engine 310 as the initialization state
330.

During the next time slot (2), FSMC 312 processes the first window of
symbol estimates (1L) and the RSMC 314.0 processes the second window of

15  symbol estimates (2L). During the third time slot (3), RSMC 314.1 processes
the third (3L) window of symbol estimates, and RSMC 314.0 processes the
first window (1L) of symbol estimates being properly initialized by the
processing of the second window of symbol estimates during the second
time slot, with the initialization being indicated by the (I). The processing

20 continues until the forward state metrics and reverse state metrics are
generated for each window in the section of the frame. As noted above,
each MAP engine performs this type of processing on each section, allowing
the frame to be processed in its entirety in an extremely rapid, highly
parallel, fashion.

25 Thus, a novel and improved technique for performing highly parallel
MAP decoding has been described. The previous description of the preferred
embodiments is provided to enable any person skilled in the art to make or
use the present invention. The various modifications to these
embodiments will be readily apparent to those skilled in the art, and the

30 generic principles defined herein mav be applied to other embodiments
without the use of the inventive faculty. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and novel features
disclosed herein.

35
What is claimed is:
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to a digital signal;

a mapper for receiving the digital signal and for providing a soft decision data
based on the digital signal; and

a turbo decoder for receiving the soft decision data and providing a hard decision
data, wherein the turbo decoder includes

a MAP decoder comprising:

a set of MAP engines, each for decoding a corresponding different portion of a
frame of symbol estimates where each portion is formed by dividing the frame of symbol
estimates and each portion is substantially different from another portion;

~aset of memory elements for dividing the frame of symbol estimates into the
different portions, each of the memory elements simultaneously providing at least one of
said different portions to a corresponding MAP engine,
wherein each of the MAP engines generates an initialization state by decoding a last
portion of the divided frame of symbol estimates from the memory elements and provides
the initialization state to an adjacent map engine, and the adjacent map engine initializes

using the received initialization state.

2. The system as set forth in claim 1 wherein said frame of symbol estimates has a

known starting state and a known ending state.

3. The system as set forth in claim 1 wherein some of said set of MAP engines
generate initiailization values from said substantially different portion of said set of

symbol estimates.

4, The system as set forth in claim 3 wherein each of said some of said set of MAP

engines provide said initialization data to another MAP engine.



U& ()-3jczccccldea?Md! I ~0! ", $10%&' ()-1!,$10% j & ()-1"109%& () - L@O%&'T(S) 3310%53
) - 109 () - e

gghi EKl WU3MA! £, $10% : & ()-1!10, $10% ()-1!p , $10%0D& ()- 1! N, $109%& ()- 1!y
C$L109ME! () - 11~ , $109RR&' () - 11 ; memeneMYm mkmuV7! | " 10% U&' () - &S10%
U& ()-&10% U& ()-'10% U& ()- 10HH 10HH
10HH! t °, $109%4HH& () - 1k no~pgr sxV4uV7! | k0s$109UxU&' () - !t s$L0%IUE () -
l ys$1098U& (The sEteh0fs §¢t UsHth )in Flaiins 1 0¥bddein some of said set of MAP engines

% Lo Tl Ve TR PR SRy o BRI ' HGh

vvuSn Tl JORMELof b l(e)stlﬂaﬁf’@/&_ ()- 109 ()-!!10% ()-10%M & ()-
wx, x{ xyy, {a sT5| 0%«& ()-i1"1090M& ()-i " 109VE ()-i 1098v& () -
109V’ () - Mm%v&() {{{U|g|||||dYNCll 10|v| 10M

A AR Rt SOME 7

109%v& () - m' 19 fiiie(buftér etdding 3 Woféech&l@%ﬁeré )fors]tmngdzEﬁ‘hiﬁb bf $RHB& () -
10%v&' ()-10%W& ()- _"10%v& ( "10%VE' () - &LO%VE' ( % dEYNC! !
(Y"1 Omt@aj:es;eg_@bmm@)segtl /gmg{fqri stonng a different sectlon of the frame of symbol

Y 0%&%&3&@%@ dadti BF hQ @i ohd MYWdlv1&9Mh%%e of symbol estimates;

a plurality of map buffers for receiving a corresponding section of the frame
symbol estimates from the section buffers and outputting the received section; and

a plurality of map engines for receiving a corresponding section of the frame
symbol estimates from the map buffers and decoding the received section,
wherein each of the map engines generates an initialization state by decoding a last portion
of the received section and provides the initialization state to an adjacent map engine, and

the adjacent map engine initializes using the received initialization state.

7. The MAP decoder of claim 6, wherein each of the map engines includes a forward
state metric calculator for calculating forward state metrics and a reverse state metric

calculator for calculating reverse state metrics.

8. The MAP decoder of claim 7, wherein each of the map engines includes a log
likelihood ratio calculator for calculating a log likelihood ratio of the forward and reverse

state metrics.

9. The MAP decoder of claim 6, wherein each of the map buffers includes a plurality
of window buffers where a first group of window buffers outputs the received section
while a second group of window buffers reads in a new section of the frame of symbol

estimates from a corresponding section buffer.

10. A circuit for performing MAP decoding comprising:
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symbol estimates from the section buffers and decoding the received section,
wherein each of the map engines generates an initialization state by decoding a last portion
of the received section and provides the initialization state to an adjacent map engine, and

the adjacent map engine initializes using the received initialization state.

11.  The circuit of claim 10, wherein each of the map engines includes a forward state
metric calculator for calculating forward state metrics and a reverse state metric calculator

for calculating reverse state metric.

12.  The circuit of claim 11, wherein each of the map engines includes a metric buffer

for storing the forward state metrics.

13.  The circuit of claim 12, wherein each of the map engines includes a log likelihood
ratio calculator for calculating a log likelihood ratio based on the forward state metrics
stored in the metric buffer and the reverse state metrics received from the reverse state

metric calculator.



