WO 03/ 023709 PCT/ US02/11664 [0001] PIPELI NE ARCH TECTURE FOR MAXI MUM A
POSTERI ORI ( MAP) DECODERS [0002] FIELD OF THE | NVENTI ON [ 0003] The present
i nventi orwoaBarzeoto the field of processing error detectipom/usandices
correction algorithnms. Mre specifically, the present invention relates to
an efficie i pelined apgitect ' Ui @ posteriori
(MAP) al gollrblbpmm [0004]f’ 1“%"&]%{%\9 " u“l"” Sone error
correction algorithns, such a >~ use vari ations
of the MAP algorithmto recover a sequence of information bits from an
encoded bit sequence that has been corrupted by noise. The recursive nature
of the cal@obation required byFIHI® WPTHEJNMENTIONKes i npl enentation
costly. [00061}3 For exanple, Figure 1 illustrates the sequence output by the
MAP al gorili0RR3hs a flhadresent isFerdiongelatss tavther igld @@prasessingserreprigtestiont  of

b ovi ous. { SHIBFATHER AV FIERS 1 VG B Re P BF gosstt piveniqrrdteria g © 11e
function ofcfsRRnNENbellfRUCARRIERIE! for @i‘acessirgéplmﬁimaat%s&ﬂoﬁh ipyel i ne

di agram of Figure 1, an architecture i enments this algorithm

hat |
requi res a digdfithimsl ar ge enough to hold either all of the forward netrics or
all of the reverse netrics such that the other set of netrics can be

calculated while the output is calculated, which design | eads to a decoder

whose | ate IS proporti Xyt ' the size of the bl ock
t hat needsn@ﬁo%ﬁ_ decoded.ﬁwomkﬁgﬁﬁ;@ﬁwmﬁce the buffer required
by the MAP @bgsn" thmgohe e%?'b&‘r&ﬁoﬁﬁ{g%ﬁﬁﬁns%u&l% tRAFRrBb %éddehﬁ[?oﬁtﬁh{,ed the
sliding wi ndow al gorithm has been evel oped. By making a snall

appr oxi nat i wse variatidre of ¢hedvia® algrtrithma te edcowdratsequengce dfieforslation bigs fremdow

approach reduces the size of the required netric buffer. This is
acconpl i shedhcpgedibiyiserusgeq tet hascheen carrdpigd &% d8isentldeipFlgvg natrgok then

processing ca‘f&ﬁa}&io\g 1@8191\#% by the MAP algorithm makes implementation costly.

[0006] For example, Figure 1 illustrates the sequence output by the MAP
algorithm as a function of a set of Aforward@ metrics, and a set of Abackward@
metrics. However, each forward metric (), is a function of the previous forward
metric, (k-1) and each reverse metric (k-1), is a function of the next reverse metric, (k).
As illustrated in the timeline diagram of Figure 1, an architecture that implements this
algorithm requires a buffer large enough to hold either all of the forward metrics or all
of the reverse metrics such that the other set of metrics can be calculated while the
output is calculated, which design leads to a decoder whose latency is proportional to
approximately twice the size of the block that needs to be decoded.

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

each window.



WD 03/ 023709 PCT/ USO2/ 11664 [0008] Figure 2 illustrates a tineline of how
the sliding window cal culations are perfornmed when the data has been
di vi ded iwomstoearoni ndows. The length of the tail and | earPeTEISO®1B6€
typically very small conpared to the anmount of data to be processed. It is

I t hat .th i i.z€..i lativel.y | red to th
ci 2o of ¢ ndOOPET i nE TR IR B ER RS o B YR e R BRI 1
si gni fi cant hetfirimell SARAGhddAta hAEbeeh GO irlth 8wd Wihd®iws, eHé 1efEth bP okl t he
forward netric is significantly decreased. [0009] Therefore, an objective

of the presantlearnserarampicslly very sohal eompared kathe ampuntofdatadse be prosessedat ed
with inmplenmenting such algorjthps. [0010] SUMVARY OF THE .| NVENTI 0011]
In the pi peﬂqlﬁ@aawfxﬁi aaé@t&féﬁfleawwﬁégm %laalrve mggﬁﬁewwdit?%ﬁwe t,th he
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decr eased. g Pgé t{%lggﬁbtrh\%gart%{’#@ Islﬁﬁélt\?g eégsrn&g g%@%g?tyﬁ rg?&tﬁ r?g |er st
wi ndow, t hesiz&yfahs Buffet feljGised ©Mhol®teFomiHid awtad B sealificdndly@crehdede t he
forward metrics for the next wi ndow are cal cul ated. As each new forward

metric i s cl009 at ed Thargforecanaabjective ofthepregenttimeentipp iswaredueshath kitdneym t he
previ ous window is read . from nenory. so that the new reverse netric can be

cal cul ated.? L 3ssPciated implempertingsHeh 3eaitiBs wi ndow i s read from

menory on the sanme clock edge that the new forward netric for the next
windowis witten to the sanme nenory |ocation. By reading and witing the

forward nmetfoogg] to nenory i ISUMMARYORTHE INVENZEONf the forward netric
buffer does not need to be increased. The pipelined cal cul ati ons may al so

be performel@0it] t he dathg pipeliged M decoder arehitecira abiis prosentioveiionHihs
architecture. was devel oped for a. furbo.Decoder, any decoder that. uses a
Ver si on_of THUTKBIPGIPRERR A ERAEEST i FRESSBaHa e ERReA . A dow
archi t ect ur i ASGLEP AR FHRHACEONMICHIAR for (e BLANAANY, e MbALORS:
architecture would need to run at a significantly higher clock rate to
achi eve t hesashn®indbWr are glaitiflated OhiR] thBRbEFarDEHERCE ToiOtheGhext HAnDRAHIBIGS
[ 0013] The present invention will hereinafter be described in conjunction
W th calculated. As each new forward metric is calculated and stored into memory, the
forward metric from the previous window is read from memory so that the new reverse
metric can be calculated. Each forward metric from the previous window is read from
memory on the same clock edge that the new forward metric for the next window is
written to the same memory location. By reading and writing the forward metrics to
memory in this manner, the size of the forward metric buffer does not need to be
increased. The pipelined calculations may also be performed if the data is divided into
two windows. Although this architecture was developed for a Turbo Decoder, any
decoder that uses a version of the MAP algorithm can use it. The pipelined sliding

window architecture decreases processing time. The standard sliding window

architecture would need to run at a significantly higher clock rate to achieve the same

throughput.
[0012] BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present invention will hereinafter be described in conjunction with

the appended drawing figures, wherein like numerals designate like elements and:



t he appended drawi ng figures, wherein |ike nunerals designate |ike elenments
and: 2 WD 03/023709 PCT/ US02/ 11664 [0014] Figure 1 is one exanple of a
time |inewofosmgmne or art error correction algorithm archircaatsor/et66§ 0015]
Figure 2 is a second exanple of a tinme line of a prior art error correction

al gorithm jfecture in.which the forward and reverse rics._ar.e

cal'oul at ed 1007 °C 1 Fks \AF 588 s ARplchies e 0P 13 PSS POt S8 Pam of &
turbo decodgporitAmMitkifechdie, error correction architecture of the present
invention may reside; [0017] Figure 3a is a block diagramof an alternative
t urbo decod@dlfiher ei Figune2 iscedecondaxanmpie affa tinheliiooiepribraridrmorv@restionet ri cs
are reversed; and [0018] Fi.gure 4 is a tjne line of the error correction

ar chi t ect uraggwth{%dwe@ R WhiRBdhE FOsHard SIS CTREAITICE B R P RERE OF TrHE
DRAW NGS [ 00; ' .3 of the present invention is a block diagramof a
turbo Decodsgir%%%‘gln\%ﬁl{vgh t he pi peline decoder architecture of the present

invention n@y16Esi deFidute BNR a BldeR! didgémMiPa dedbod@icodéiCiti WaRkhUhe epiort he
present invention, the sliding window approach is nodified so that
processi ng ¢arresticmarchisectensrof dlecpresapi yeertiah npy gesideat es the timeline

acconpl i she t he present. i nyentj.on. ce the forward nmefrics haye been
cal oul at oo 0817k he- f FIGES S8 hadWekdrta pbraulstt ped B BE HHRRDR: ar o
cal cul ated ca}MOHlAtfbn B?tﬁe?f%%rﬂ aHHfrfde&% ar{léelgc% !&n}g r&fedrhftfiow are cal cul ated.

As each new T orwar nmetric 1s calc stored into nenory, the
forward metpoo¢s8f r om Fhgrd4 @vd s lineoNthe\srrios carésudioh aauiteeomy of thoplebailt t he
new reverse netric can be calculated. Each forward netric is read from
menory on tieewwie cl ock edge that the new forward netric is witten to
the sane nenory | ocation. By reading and witing the forward netrics to
menory in this manner, the size of the forward netric buffer does not need

to be increpyes DETAILED DESCRIPTION OF THE DRAWINGS

[0020] Figure 3 of the present invention is a block diagram of a turbo Decoder
in which the pipeline decoder architecture of the present invention may reside. Inthe
pipelined MAP decoder architecture of the present invention, the sliding window
approach is modified so that processing time can be decreased. Figure 4 illustrates the
timeline accomplished by the present invention. Once the forward metrics have been
calculated for the first window, the reverse metrics for each window are calculated
while the forward metrics for the next window are calculated. As each new forward
metric is calculated and stored into memory, the forward metric from the previous
window is read from memory so that the new reverse metric can be calculated. Each
forward metric is read from memory on the same clock edge that the new forward
metric is written to the same memory location. By reading and writing the forward
metrics to memory in this manner, the size of the forward metric buffer does not need
to be increased.

[0021] Figure 3 shows a block diagram of one embodiment of a turbo decoder
incorporating the principles and or techniques of the present invention.

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



[ 0021] Figure 3 shows a bl ock diagram of one enbodi nent of a turbo decoder

i ncorporating the principles and or techni ques of the present invention.

[ 0022] Thwotoanbsrodecoder 10 receives data froma transm t tcmgshacickd ty such
as, for exanple, a base stati on vvhi ch converts each data bit (Al @or A0Q@
into three bit
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data read out from an ex?rl nsic nenory 14, to be nore fully described,
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gama. () calculator 18 and is further stored in | ocal menory [ 0024] As

i's conventignipl data throbghate dlarealsylationsefor quawppsd & be amqrhéutly desml@d() and
gama () are defined. For a specific state and a specific tine step, has a
val ue t hat gk ﬁ]é??:v the probability that the coder is at that state at that

ifict k=1
L g S i
time. Gammaf)q i St isReda ﬁ‘?lo&il‘?nérﬁ@x?%Ot' on pr obab| I i ty that the coder wll

nove fromstate at a given t one allowed state at the next

subsequent foong] i ncr epEiBiconWnpibafl)in tlrbo ldecwists thrad quhnticies, allphag),dHees()i n a
trellis based on the state transition probabilities represented by gama
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val ue provi I nput 24b and out putted fromcal culation stage 2

value is 51m11ar to but works backwards in time. Gamma () is defined as the trans1t10n
probability that the coder will move from state at a given time to some allowed state at
the next subsequent time increment. Alpha () can be calculated for all states in a trellis
based on the state transition probabilities represented by gamma (). The gamma ()
calculation performed at stage 18 is stored in register 22. Calculation stages 24 and 26
respectively calculate each alpha and normalize the alpha calculations. Each alpha ()
value is calculated based on the input from register 22 as well as the previously
calculated alpha value provided at input 24b and outputted from calculation stage 26
through multiplexer 28 and register 30, which holds eight (8) calculated values. The
output of register 30 is coupled to the input of alpha memory 32 which stores the first
calculated alpha value at the first memory location 23a and also provides the calculated
alpha value to input 24b.

[0025] In order to initialize the calculation and, starting at the initial state, the
initial eight (8) alpha metrics are set to some initial value, which is applied at the

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



t hrough nul tipl exer 28 and register 30, which holds eight (8) calculated
val ues. The output of register 30 is coupled to the input of alpha nenory
32 whi ch womseg7dhe first cal cul ated al pha val ue at the PCTASSOMEwHS Yy

| ocation 23a and al so provides the cal culated al pha value to input 24b.
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which is apgylpgqa@tls§thfédlhm¢dallﬁiem¢20nput 28a of nultiplexer 28 in order
to enabl e the cal cul ation stages 24 and 4 WO 03/023709 PCT/ US02/ 11664 26
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cal cul ati on Stage 36. The tput of the gamma cal culation stage 36 iIs
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respectively perforned bg beta calculation stage 44 and beta nornalization
stage 46. |qaleylatianystage 3¢.arlhe cutruttof dhe gamms %Wt&ﬁe“%gm@ isj appligItPed to

input 42a of multipl ex li.zed beta |t|aIIy
applied to &HP? ﬁesé‘)%erngiaggégl iﬁ? Q‘%f‘ gﬂcgl?té%%s %%fefﬂ?g Of)m?d §¥ é%l ster 48
whi ch furt h&ﬁcxﬁﬁﬁd 2o éi@aﬁ@%&ta%‘rﬁﬂh@a‘h@ﬂ s'td@@% 'Ixﬂtlhl'l"ﬁtht stglgléoﬁ&mfﬂi'otf i pl exer
42. Extrinsic value cal cul ator stage 50 cal cul ates an extrinsic value for
each tine shiaig ore (W @ pkippliedito irtpat a2phAmuitiplexdr d. rEgi mirmaliz&l beteei ved
at input 58, the gamm value fromregister 38 received at mpgt 50b and

t he bet a OLﬁaéﬁHlatfq{@mlrplg@l,l)é arplieddo extrwsica@lug calculation stage 50 through output

register 48 which further applies the last calculated input to input 42b of multiplexer
42. Extrinsic value calculator stage 50 calculates an extrinsic value for each time state
k by looking at the alpha value for register 52 received at input 58, the gamma value
from register 38 received at input 50b and the beta output from register 48 received at
input 50c. Registers 48, 52 and 38 are provided to assure time registration of the
signals at the extrinsic value calculator stage 50. ‘

[0027] The intermediate value calculated by first value extrinsic calculator stage
50 is applied to register 54 which transfers its contents to the second stage 56 of the
extrinsic value calculator.

[0028] As was mentioned hereinabove, register 34 transfers its contents to
register 58 which in turn transfers its contents to register 60, the contents of register 60
being subtracted from the extrinsic value appearing at the output of the second
extrinsic value calculation stage 56, this subtraction stage being performed at the

subtraction circuit 62.



I nput 50c. Registers 48, 52 and 38 are provided to assure tinme registration
of the signals at the extrinsic value cal cul ator stage 50. [0027] The

i nt er mediwoa3wad7oe cal cul ated by first value extrinsic calculmopriest age 50
is applied to register 54 which transfers its contents to the second stage

56 of th i nsi | ue. cal cul . : . i nabove,
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fromthe extrinsic value appearing at the output of the second extrinsic
val ue cal culeativorg th¢ agpulse se¢drnidextninsio adtulasionstagg §6 bdhegpgretidrovfiverguiit t he

subtraction circuit 62.. 3/ 023709 PCT/ US02/ 11664 0029] The extrinsic
val ue obt ai §fet AHHQ ciggt é‘b}’/"\ﬁ%g? Eﬁt'ffﬂ%li‘ LM t?‘bfl‘%feg’(]?Fllo- ‘n- ]hard- out (Sl HO
circuitry 6 ris - ' - erm ni L€ : eivin
Che out put OPSEEDong e thtrdieflod Rinbuch 2 FerRlCAUR P SpbEA fo Bfisch 8851 VI 1O

circuit G%hﬁh%ggﬁéscthé extirins@4aWel daldd@atidAtto Eafihkicinfengirgakert 148t Ak was
her ei nbel ow. [0030] The difference output at difference circuit 62 is

appl i ed to menfigtedrheggnabaive ciocalppémery 20nin additiomis; toring the detal puitsitandn t o
extrinsic nmenory 14 at .14b. As s. nenti oned herei nabhove, .l ocal ry 20,
T a1 oroREnde ey e dares e el ey lus t0dr e PE e G ogy Ther
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menory 14 where the extrinsic value calculation is to be stored, the
menory | ocawher theexiribsic Nglue aplshlatian isstodetsiaradithe memery locatien data being0031]

As was set for.ta her ei nabove vvi1t4h rgf erence to the exanple shown in Figure
2, half of 30RbedLP EHFBFC HMPEI*@ELES i ni ng al pha are perforned during the

Lie; ot rr;[alj ”g@y?g Ogvhgf é@t@% %«%rtlpﬁér‘éﬁﬂa%\ieo@itﬁfreféféﬁcé RV @k $RaMBle’ dhoSn(th are
Figure 2, half of the calculations for determining alpha are performed during the first
time window k/2.

[0032] Calculation of the reverse metrics () are performed during the last half
(k/2) of the first window. Alpha values are read out from alpha memory 32 in the
reverse order from which they are stored. The alpha values calculated during the
forward metric for window 2 (see Figure 4), are simultaneously stored into the memory
location from which the alpha values calculated during window 1 are read out for
purposes of calculating the extrinsic value, thereby reducing the memory capacity by
one half, in the embodiment of Figure 3. It should be noted that the newly calculated
alpha values are stored in reverse order from those calculated during the first window.
[0033] In each subsequent pair of window calculations, the number of
calculations performed being a function of the number of desired iterations for
calculating the extrinsic value, the order of read out and write in of alpha values in
alpha memory 32 is reversed so that, as previously calculated alpha values are read out

stored in the order of last memory location to first, the alpha values are read out in the

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



(k/2) of the first wi ndow. Al pha values are read out from al pha nenory 32
in the reverse order fromwhich they are stored. The al pha val ues

cal cul at eatodaw2atge t he forward nmetric for w ndow 2 (see FiPgUESOZ)1664r e
sinmul taneously stored into the menory |ocation fromwhich the al pha val ues
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val ues are stored in reverse order fromthose cal culated during the first

wi ndow. [ 0083%] I n emhwsmblﬁembedthqs@mabqyﬁ wihedoan extrimsicavalemdas theen nunber
of calculatio erforne beln t.he nu
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reverse order fromfirst menory location to [ast and the al pha val ues
det er m ned humbdref iterafionORY WABTOIMPET/ US02/ 11664 wi ndow 2 of the second

e forward netri val ues cal cul.at ed at, 24/ 26 re read
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e., upon t ecorrp et1on Irst interration, this extrinsit Value is
r ead out ofxa@rithing &l ainptivady, ¥ind 4vhencbose msadmdmhimstg)ld iedatatmingdata bns of the
next iteration. Conventional control circuitry, not shown for glur poses of

si npl i ci ty, Ali@ andwhradelavea certavptireshpldis detemmioptorhs aft)@e Thisestablis d>035] As

was descrlbe her ei nahove h_extri.nsi i s .det.er mi ned
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be a AO@ Txhnaexeaitatal msﬂnem}/ 84.alThe SISIappéuitry Gdowriegieatlebit ibtoanchenryer ged
together with the extrinsic value nmenory  |ocation, derived fromregister
74 and appl los#ianoinisihish eachciion 786 bithevidet phite Biergs eircuit multiplexer 78]

multiplexer circuit 80 and output memory read register 82 operate so as to utilize all 16
binary bits of each memory location by storing 16 data bits evaluated by the binary
state determining circuit 66.

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

employed.



witten into a menory 84. The SIHO circuitry 64 wites each bit into a
menory |location in which each rowis 16 bits wide. The nerge circuit

mul ti pl exwo 03823709rul ti pl exer circuit 80 and out put nenoryPCgakz/egsst er 82
operate so as to utilize all 16 binary bits of each nenory |ocation by
storing 16 bits t | ar, 5@1@ 1.1 i tcuit 66.
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5, while stil|l, deriving al]l the benefits. of th nbodi ment. shown in Figure
T hamely tHdePGIPIgaAdhy cxamale P rordietal ¢k RoR CRPRE! 192 ReithEs a Boo
reduction i : : RHTaL ol 499 RS inPthe Wih@\ye 3 as
conpar ed Wi%?rﬁlbi&fsgse %géﬁtg iéué]ﬁtﬁl quéz“agér?ll y%%g%%%?‘ﬁ% heﬁgélréﬁ te eclt% of

t he presentsjid)ambeist viRddw S and leaiMiey sivesbeotdinit® theameum by dath #at ndeds
exanple, the data my be processed using three (3) w ndows, four (4)

W ndows, etfo,be\mwﬂﬁsqgovi de further reductions in nenory size. For

| e, ' f i lts i . i t hat i th
moor v si 2 008hbar cd AbopEb HEsRoNg HHEPES AB iFHOBW o8 G ORI BE0 7 o
03/ 023709 P&Iéa@()é{l%ﬁ%uﬁweé&l & %kﬁearﬂlvﬁalﬁeeédd'ey_sfﬂh@tc%&uMWntmhe! pel i ne
cal cul ati ons woufd be per orrrec? |1pt e data were divided into two w ndows.

Negl ecti ng foRwarsli metriof nayebe dabailnnéd feforenctoafer alndrenenst emietdés. t Bhd relbetss, t he
| at ency t hrough thedﬁi peline sli dzip_(r;lgt13 w ndow decoder in this exanple is
e

pr opor t i onanefrigs eould e galcylpisd J64 1kthe forpaed meiriep can b ¢adswigedwhtlew

hi t ect . Lat b d db h i th i nd ize, unb
of wi ndows, 1 AL AAIions 7u BRI G THS RS mplishecas sRofk: Reeds.
to be procesgafhle,[ élegfﬂohmé&g fbftr{agur@taamﬂ;aﬁ%icaga@oﬁmﬁ A1 4 LHMRS

devel oped for t'urbo ecoder, all convol ution codes can use an MAP
decoder. Thalagitotkalcilatiomblotk@4 is a beta normalization calculation block, memory 321

is a beta memory; calculation block 441 is an alpha calculation block and calculation
block 461 is an alpha normalization calculation block.
[0039] The operation of the embodiment of Figure 3a is otherwise substantially

the same as the embodiment of Figure 3.

* * *



forward netrics may be cal cul ated before or after the reverse netrics. The
reverse netrics could be calculated first, and then the forward netrics
can be cawouwBatyao whil e the output cal cul ati ons are perf@cmaso2/Tte66 can be
acconpli shed as shown, for exanple, by the enbodi nment of Figure 3a wherein
cal cul ation block 241 is a beta cal gyl ; calculation block 24 is a beta
normal i zation cal cul ati on bl ock, nenory is a beta nenory; calculation
bl ock 441 iwmpisalfimedéal cul ation bl ock and cal cul ation block 461 is an

al pha normalization cal cul ati on bl ock. [0039] The operation of the

embodi ment of Filgur e ABanetlpdofdresaldudaingu and reversehpekighuequradhtor

enbodi nent of _Figure 3. 8 WD 03/023709 PCT/US02/ 11664 Al M5  \\hat i s

clai med i s:Peffo Q%Pﬂdﬂltl?‘ﬁrcaé%’l?%lﬂnaﬁoi aﬁe"PBP I&?réﬁ@t?seﬁ?&%géwﬁgt §1grbaés,

required fo f i output calculation to determ ne binary states
of recei vedéoggﬁééé{h@sc&%rs‘rg?i sing the steps of: (a) performng the forward

metric cal cul ati(@ns iperfbiBing tikgopwardiettd caleuldtidnstin tvgy Ragesofheréia affestwar d
metric calculations are calculated in a first stage followed by a second
group of f ognasp af tstforward anestic selcelationsedre galevlnted|ime dusti stags febewedibxrage;

e T e SR AAP A
| cul ation; i t : _ . ! d
Ctage, Tol 1 ow n§ ¢ et e REuaRY Bl SRl el B0 RS gk e ”

forward netmemopafcd ukaivithisverse matrid vakies teperfaral the batpuocacdatomei ng
performed; (e) storing each of the forward nmetric cal cul ations perforned in
the first stagd€) anaeyfeyming the raveresimetric salgrlptonsdn thieseoad siapadellowingi ng t he

second st agt%e iﬁ%tostaage;
(d)  performing the second half of forward metric calculations as said reverse
calculations are being performed;
(e)  storing each of the forward metric calculations performed in the first
stage; and
(f)  writing each forward metric calculated during the second stage into a
memory location that a forward metric calculated during the first stage is being read

out for use in an output calculation.

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

metrics calculated in the second stage.

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

employing a common clock edge of a clock signal.

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

the second stage for performing output calculations utilizing the forward metrics



menory |l ocation that a forward netric calculated during the first stage is
being read out for use in an output calculation. 2. The nmethod of claiml
further cwopsiosi’ng the step of perform ng output cal cul atcansoriicks zi ng
the forward netrics calculated in the first stage and the reverse netrics
cal culated jn n et . I i ps (e)
and (1) ar - aines AT BShaTR sits B TR dREmRlrisE AL Bheg PR AYEET 13
The nmethod @focl aim2 further conprising performng reverse nmetrics in a
third stage follow ng said second stage for use with the forward netrics
calculated in the second stage for perform ng output cal cul ations
utilizing the forward netrics .9 03/ 023709 PCT/US02/ 11664 al cul at ed
during the secomd st éb’é‘eéwé quﬁecpggg,agg'lnﬁ@fs,spegqué\feg&{z% écﬁe‘BBtFﬁﬂij‘t‘PHe third
stage. 5. r I . 1.8S1 i e
oeation WiLER HeuE e ERr RPe ok RN LB b AL AR RINHe BOABETRT 1)y
be corrupt egbifyin tAE tra@snhiSsibh Ehdnhal) S6ipHiAS tHe WP, conprising the steps
of, (a) calculating, during a first tine interval, a forward nmetric val ue
for each data Ha} asacilaingchwingadistigneiatdrval, diorwardsvetrigealuedonsagh
transm ssio&‘n Igcation; (b) storing each far d netric.value in a first
menory; ( c)d91 B 2Rg it 3c4PIIRAQXINGHRTIRARIES T6F§1Y Oﬁ&t&%w}q{éoﬁ%}qnty bits in
a tocal  menory @s ! ReYindllo RishAfletic YhiveGAd Y ditthod, forvard metric
value fromthe fitst nenbry during a second tine interval for cal culating
an extrinsic val@gp, G®tingteath ZdcBiyed datadst endoadcompanyisg parittidd iparlotal bits
previously stored in nenory for calculating a reverse netric val ue during
sai d secondmemery anthey exgirecedyrdl; (f) during said second time interval,

caloul 2L & O ol B P R REoRERSLPRR LY 1
second time interval for calculating an extrinsic value;
(e) utilizing the data bit and associated parity bits previously stored in
memory for calculating a reverse metric value during said second time interval; and
()  during said second time interval, calculating a forward metric value for
data bits and associated parity bits received during the second time interval and storing

each forward metric value calculated during the second time interval in a memory

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

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

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

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

into memory for use in calculating the extrinsic value.

10



each forward netric value calculated during the second tine interval in a
menory |ocation fromwhich a forward netric value is read out during step
(d). 6. TWeomeeitod of claim5 wherein the data bit and as®ctiwvrdieparity
bits read into the local nmenory during step (c) are read out of the | ocal
menory in rever 0 i Wl A6 NS 28 Bl lifisa 7+ The
met hod of cl ai m%g \/\hggglynneft%e&?gﬁdg{}l ‘gﬁéerg fsgﬁi&)'vsg?f&l metri c&val Bes arlegaread

out of mMenogamma caluRtise oafsaidndatd bil@nd iassostitahpdrite bitspriar do oaitulatingal ues
are read into nmenory for use in calculating the extrinsic value. 10 WO
03/ 023709 Horwagopgtic galpe dgringseid dsstiisee wierkdlai m 5 wherein step (a) further
conprises performng a ganma cal cul ati on on said data bit and associ at ed
parity bits prior to calculating a forward netric value during said first

time interval. 9 Th?ﬁﬁkﬂ% cgfcla%%ifﬁhéerfce Pi@fntg%gl%ﬁfaiti_ﬁéMiﬂ?&l@kﬁiﬁ&i@c”9 an
val ue base d

initial extrinsic on a given forwa metri € val ue, a given
reverse metvalde vakdien agilea fogivweedmettat aliz, & ghen oniceseanktparaluy abd 4 givei. The
met hod of claim9 wherein the extrinsic value is stored in an extrinsic
nmenory. 11.dafhbit gesokigteddfariéy Bitm 9 wherein the step of storing the extrinsic
value includes storing the intrinsic value in a nenory |ocation |inked
with the data bit wutilized to calculate the extrinsic val ue being stored.

12. The nethod qfy cl &g d&hbd! ok ReLimCO WHdrSihNGe teRBiricePalal iS%ia&rid B the
data bit and associated parity bits fromthe [ocal nenory; and performng

a gamma cal extiiadi¢c orenmny.t he data bit and associated parity bits during the
second tine interval for use in the extrinsic value calculation. 13. The
met hod of claim 12 further conprising subtracting a data bit and

associ ated parity bi I i . dtine
interval from tlﬁe [ ;I?l?i aeiq}g%cg#écll%é} %%ae}ue eog{golg?gl&ﬁﬂgékﬁ% @f?g@gl c
val ue. includes storing the intrinsic value in a memory location linked with the data bit

utilized to calculate the extrinsic value being stored.

12.  The method of claim 10 further comprising the step of extracting the data
bit and associated parity bits from the local memory; and
performing a gamma calculation on the data bit and associated parity bits during the

second time interval for use in the extrinsic value calculation.

13.  The method of claim 12 further comprising subtracting a data bit and
associated parity bits read out of the local memory during the second time interval

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

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

storing the hard decision output in a memory.

11



14. The method of claim 12 further conprising determning a binary state of
the output data of the extrinsic value cal cul ator to nake a hard deci sion
regar di ngwolms/02dtonary state; and storing the hard deci si orcamtsperiicsh a
menory. 11 WO 03/023709 PCT/US02/11664 15. A nethod for operating a turbo

ey 0 03/ 023709 1664 __ ating a turb
whi ch may be. corPupt e, A PpASGATR GyES delocd® dEChE A ik Yeath 2 81

metric cal ci¢baipaiied by abdRiaSdCFARS bIS ahd WHIdHhEY BaLSrrupbérdintpridi weoup of
forward netric calculations are calculated in a first time interval
fol | oned bystepssdcond tinme interval; (b) storing each of the forward netric

cal cul ations performed during the first _interval; (c) reading.each forward
metric val ue cal®ll aPeORIRg Ffme‘ir’Pé:f‘lCPPaﬁ‘BnS WﬁW@%H%ﬂeS%’Y%WgrEW&Sf or use

together w \Lﬁer@inro%\é%{écﬁﬁ) JFbtafd éﬁ%ﬁrﬁca{léﬁlﬁﬁ)&lg glle%ﬁicﬂﬁttﬁgn a?ffgtrtféﬁbtsi;hfeﬁaql ue,

(d) performng reverse netric c at1ons, during secon me 1 nterval

and after cmBledboa seéoridiené itweald metric cal cul ations perforned during
the first time interval; and (e) witing each forward netric val ue

cal cul at ed duri ) t hetosieg earh afitlraforward arelrig calqvlasions perfasmpd dudeg thefirstr om
which a forward netric value calculated during the first tinme interval is
read out omeéYFBry. 16. A turbo decoder for calculating forward and reverse

metrics requi reggj OF reaRfilof Q4cH fwwardcﬂeﬁw @alpemggc;ala@@& aﬁfmg%@mﬁrtymét ates

of received sig s conprising the steps o generatTtng a nmenory
| ocati on i Ninfvafidrh REnoriEBDiise;to gdherneitieh vévegseshgrialvalednpaicalatigg dat a bit s
and associated parity bits
extrinsic value;
(d) performing reverse metric calculations, during the second time interval
and after completion of the forward metric calculations performed during the first time
interval; and
(¢)  writing each forward metric value calculated during the second time

interval into a memory location from which a forward metric value calculated during

the first time interval is read out of memory.

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

(@)  generating a memory location in an extrinsic memory;

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

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

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

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

memory;

12



whi ch may be corrupted by noise or the like; (c) storing the data bit,
associ ated parity bits, a nenory location and a starting extrinsic val ue;
(d) cal cuwetosmogs7ed first set of forward netric val ues baseacorussaidedat a
bit, associated parity bits and starting extrinsic value; (e) storing the

forward netric va ue : t [ . ' '

03/ 023709 PCT/ u@z/ 1I‘%@1‘¥gu P%) gﬁg‘gﬁ‘feﬁgﬂﬁ%ﬁlﬁﬁﬁﬁrﬁ%{éﬁ orh Wamgr}gy%itgor%i ‘%:ngau ue
from menor yiolgeihetwth atre@@tdi@Etrid vatuedn el alati6n 04 extrivisit weluepn cal cul ation of
an extrinsic value; (g) enploying steps (a) B (c) for calculating a second
set of forward (@iztriempmin@@ewﬁ%bB(ﬂh@rlcé vlagag Aseqand sotofifesvaide bei ng

cal cul ated; and (h) stari each of .the second. set, of forward netric val ues
ina nenorymPHE?a‘gail%ﬁ'T eréﬁgf?’efsﬁéneéﬂﬁﬁg%ﬁsear?rl?ewgicé}‘fukﬁeéf’)&%t he first set of

forvard meiric gl USkds o fiedoll ;S tofivf@hiiabiiges fifa a rever se

metric val ue. The e aim 16 tfurther conprising; reading the
forward metmemoyplodesoronhichis e samy ondinrvehieh o1 afitikefirst seoof foirivafd methiey wer e
read into nenory for calculation of reverse netric values. 18. A turbo
decoder f or vaa¢scisread; auy farasadn eplerdationcef a igyerspmetria/edlde (R) netrics
required for performng a calculation to determ ne binary states of
received signals conprising the steps of: (a) receiving signals conprising

data bits each hgyi nga$eacdPoEdaiRfie furthlt ESmprishd:ch signal s may be
corrupted by noise or the like; (b) generating a hnenory location in an

extrinsi c nmenor yrehding dtedbiward ametrie xalnensitof welineey ir{ ©yerse ordenfrom Whickt dat a

bit, associated parity bits, nenory |l ocation and a , starting extrinsic
val ue in a Wiy gterergaggdigto memory for calculation of reverse metric values.

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

(a)  receiving signals comprising data bits each having associated parity bits,
which signals may be corrupted by noise or the like;

(b)  generating a memory location in an extrinsic memory for storing an
extrinsic value;

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

(d) calculating a first forward metric value based on said data bit, associated
parity bits and starting extrinsic value;

()  storing the forward metric value calculated in a forward metric memory;

()  reading the calculated forward metric value from the forward metric
memory for use together with a reverse metric in calculating an extrinsic value;

(g) employing steps (a) B (c) for calculating a first forward metric value of a
second set of forward metric values while the reverse metric value is being calculated;
and

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

13



(d) calculating a first forward netric value based on said data bit,
associated parity bits and starting extrinsic value; (e) storing the
forward nwormso237e¢ ue cal culated in a forward netric nenor PCT/USDY/1weadi ng
the calculated forward nmetric value fromthe forward nmetric nenory for use

enpl oying SR BYFEIELFERIDE o APRGH BEARA BBnEFLIAEE bfc UP R e o a

second set of forwirdanélrio®ulues isvehdiost fohidedinichieulative bf gn ematinsic vilakue is bei ng
calculated; and (h) storing the first forward netric value of the second

set of 13 WD 03/023709 PCT/US02/ 11664 forward netric values in the sane
menory | ocation gs one, in ich one of the first set of forward tric
Vel ves i read ofb 1 ar o Rl B Sseink Topvif badypramelrisfRlited B o
turbo decod in£ 2LALL RGO JREMRRIbARY SAYESSEATRI digals EsthibiGtl.f O
perform ng gér(f:(grﬁ‘léﬁgat?lon to det erﬁrﬁhﬁne 1b| ary stat%s of lglzdcel ved signals
conpri sing: an #xdxtiinsié memoe@ry; first means for generating a nenory

| ocation in the extrinsic nenory; second neans for receiving signals
conpri si ng dat a fiyst easdhr eeperaigeacseBpPEt leeptiondn theeXHRsic MEMORY:nay be
corrupted by noi se o({ the like:. third means .f.or stﬁrti nag i_xhe dat a btﬁtd

associ ated pari t%?c%r? @e%ﬁorﬁgﬁyvgls%%FSWPrISIflgﬂ?t? L H aYIBEa?gfle ating a
first set Of()arftg'BY’@%idTﬁhé Be YGHriiRSd BRa6Ee BPhEdKE. data bit, associated
parity bits and an initial starting extrinsic value; fifth neans for
storing the forwhirdnreahs fo stoahg tHeataebit, assactatad\parity bistand menmepbocgtiosi xt h
neans for reading the calculated forward nmetric fromsaid forward nmetric
menory for use, fougbmeans {grepleylaipgafuy speeffopvard metts xalnes basgd an saidt ri nsi ¢

I (L Rt
and fifth means for storing the forward metric calculated in a forward metric
memory;
sixth means for reading the calculated forward metric from said forward metric
memory for use, together with a reverse metric, in calculating an extrinsic value;
said first, second and third means calculating a second set of forward metric
values while the reverse metric values are being calculated; and
said fifth means including means for storing one of the second set of forward
metric values in the same memory location of the forward metric memory as one in

which one of the first set of forward metric values is read out for use in calculation of

an extrinsic value.

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

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

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

calculated; and
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said fifth neans including neans for storing one of the second set of
forward netric values in the sane nenory |ocation of the forward netric
menory asworngd/o2ated whi ch one of the first set of forward nmPCTiuSOvalenes i S
read out for use in calculation of an extrinsic value. 20. A storing

techni que for use i ng@ il B Aseodntyf O rrabihbd Milar Hek divdnghabever se

nmetrics reqwre or per rmng a-ca cula rmne nary S ates of

recei ved si@héleby @GRy datdulged hawatEprtraf valﬁ@bf sdid séoogd %riﬁup’ Blst@e@p aof
forward netric values in said nenory in a given order; é readi ng out
B

stored net rinemesy loestidmfrem vdridtetheddst caleulatedineitiavele o s#ifl segond gzoupuisat ed:
and 14 WD 03/023709 PCT/ US02/ 11664 (c) storing a second group of forward
metric val U&84PH-a given order, whereby a first calculated forward metric
val ue of said second group is stored in a nenory |ocation fromwhich the
| ast cal cul ated netric value of said second group is read out. 21. The

storing techni qud. of The sfobingQedhuidubef cladf20ifaitig coamprisinigat i ng a reverse
nmetric val ue based on the forward netric value read out of nenory. 22.

Appar at us fealculating m reversgr metrigevadere baged ronc tiecliorsard Hgetrisr vadredread Put dfer se
nmetrics required for performng a calculation to determne binary states of
recei ved sT§NAs conprising: a first nemory for storing a data bit and
associated parity bits; a forward nmetric nmenory; nmeans for calculating a
first group of forward netric val ues based on said data bit and associ ated
parity bits; nmea@s fdppataarsifogusean dnfrbe décoderfopcaibulbtirgfarwantend ravessal ues in
said nenory in a
metrics required for performing a calculation to determine binary states of received
signals comprising:
a first memory for storing a data bit and associated parity bits;
a forward metric memory;
means for calculating a first group of forward metric values based on said data
bit and associated parity bits;
means for storing said first group of forward metric values in said memory ina
given order;
means for reading out the first group of stored metric values from said memory
in an order of last calculated to first calculated,
means for controlling said means for calculating to calculate a second group of
forward metric values following calculation of said first group of metric values; and
means for storing the second group of forward metric values in a given order in
said forward metric memory, whereby a first calculated forward metric value of said
second group is stored in a memory location in which the last calculated metric value

of said first group is read out.

23.  The apparatus of claim 22 further comprising:

second means for calculating, during calculation of said first group of
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given order; neans for reading out the first group of stored netric val ues
fromsaid nenory in an order of last calculated to first cal cul ated; neans
for contrwblodigs7sai d neans for cal cul ating to cal cul at e arsgasnzigsoup of
forward netric values follow ng cal culation of said first group of netric

rar | ~group o |
2 gi ven or cororg Rer v b Ak mEERAARORANT of e SRR PIERGNE 00 1"

forward metgdriy bab HAdQut 5PdHd fisseaatbrgroup is stored in a nenory |ocation
in which the last calculated netric value of said first group is read out.

23. The apparatus of claim 22 further conprising: second neans for

cal cul ating, durjng calculation of said. first oup of 15 WD Q3/.023709
PCT/ US02/ 11664 Hor i thetsth ff e orparfep SLRSiBrsP ety JEIBideTon t he
data bit a | [ it : . j i . 24. A
met hod for n%é@&?r% ?Irllgoq‘ft%dr%\?\%? %ﬁg @e@%@ggﬁﬁt&%}é?@%qéf rrre 1\4@2{@?@%%% orm ng

an out put C@Jn@pﬂmg'ghe ste@sdﬁ,tern‘i ne binary states of received signals,
conprising the steps of: (a) performng the reverse netric calculations in
two stages, wher(e} n pedormjngihe sversemeiiecatetlationsda twa stages ryghesgia one
calculated in a first stage followed by a secon ou f reverse tric
cal cul at i on$°BRPHEVESEF gﬁﬁgqcéxicqlqpogs e&&éﬁ&@%@aé?“itggag%fo&%iwﬁggéaéﬁco f the
reverse net ﬁp%i"{'&/@}s@trﬁ Hé@@&%@éﬁﬁﬂid aliarfd {54 sec§ﬁ@&?'e;( c) reading the
reverse nettic val ues cal cul ate uring the first stage om nenory for
use in the out pub) cakwuingtdach of ltt) repersé aietiic1 galtulatiby pafanrdtinithe first

cal cul ations after conpletion of the first stage of reverse netric

cal cul ati ondagead before the second stage of reverse netric cal cul ations;

and (¢) reading the reverse metric values calculated during the first stage from

memory for use in the output calculation;

(d)  performing the forward metric calculations after completion of the first
stage of reverse metric calculations and before the second stage of reverse metric
calculations; and

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

for use in an output calculation.

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

metrics calculated in the second stage.

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

employing a common clock edge of a clock signal.

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

in the second stage; and
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(e) witing each reverse netric calculated during the second stage into a
menory |l ocation that a reverse netric calculated during the first stage is
bei ng readO0®man2370or use in an output cal culation. 25. ThePo#tusot1wb4 cl ai m
24 further conprising the step of perform ng output calculations utilizing

h ' | i A ma : i
catcu ated it s DuiRei Rl el bReuiliZiRk i RUEE R0 Syl WRbaeflP 1L O

(c) and (e)dwi tH@Mc@ﬁleﬁd%e ﬂimh@wrwardanagmae@aml@t@ug@m?&he&hﬁh o@ke.si gnal .
27. The nmethod of claim2b further conprising performng forward netrics

in athird stage follow ng said second stage responsive to the reverse
metrics calculated in the second, stage; and 16 WD 023709 PCT/ US02/ 11664
per f ornmi ng out put® Ca%@?@pﬂgﬁ@%pﬁmgfgﬁ?&l{lﬁgopé?ﬁg}\geg?fjm AirEmQtg) ‘ogadion

| cul at ed ' . : tr | at ed
Gur i ng the T HERJRIbAS BRE G BB e A S o Bl B Ve

from a renpidisd @aBE irabmivdions bhannel, velaprislag ehelstdps ofnd associ ated parity bits
and which may be corrupted by noise in the transm ssion channel,

conprisi ng the dakpscdfulating, dusingalfist tinge indkivalng reversermetricivalueifot eachal | a
reverse netric, value for each. dat.a hit and jts acconpanyi arity bits
Fecei ved 1 rii B AP S ROBTBAY S A FORIS TR o B CaB o u ar R et 1 ¢
value in a first Ying Cadh RVEsE RuGAFud RGFidPhefiRR bit and

acconpanyi ng par(P?gngtlrotlggi n a Iogap& rrermlrly asltﬁef arg’ received; (d)

readi ng out a rgyer setofnpleach watived amrit diel dccompamgn® pyrifyditsis e local

calculating an extrinsic value; (e) utilizing the data bit and associ at ed
parity bitsmpmety abeyarstreecdedin the |ocal nenory for calculating a

]; g\r/\gfgg rrn‘g': ; : g &a* 3g.h?a§?n%dél§t;a gel{/reirsggmgtrig ev%?urédfr(grin € iﬁ%te&\ér%lory f;oarI quléligt ing a
calculating an extrinsic value;
(e)  utilizing the data bit and associated parity bits previously stored in the
local memory for calculating a forward metric value; and
(f)  during a second time interval, calculating a reverse metric value for data
bits and associated parity bits received during the second time interval and storing each

reverse metric value calculated during the second time interval in a memory location of

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

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

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

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

reverse metric values calculated in the second time interval are read into memory.
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bits and associated parity bits received during the second tine interval
and storing each reverse netric value cal culated during the second tine
interval woos/opEmory |ocation of the first nenory in whi @cTANEYBESE
nmetric value is read out during step (d). 29. The nethod of claim28

uher e n the dat & L 4ot B8S05 B DRI Yok ERAR IR A iR, Moy

during step (c) Tare rea nreverse or r use

in cal cul atpded bRa gevdnfoRwdrd mYeki&!QaludQ: givétErenBsb akudd val@hma 28ivehasgi n the

reverse netric values calculated in the first tine interval are read out
of nmenory ibit amlasseaatel pahty Wwtsder in which the reverse netric val ues
calculated in the second tine interval are read into nenory. 17 WO

03/ 023709 PCT/ US02/11664 31. The nethod of claim 29 further conprising

cal culating an exlri st;‘gfetch?d i &?&ﬁ&in%“ggng"d"gﬂ QPR HefiRS rr%@&i’e%' R

a
given reverse netfic’value and a give and associ at parity

bits. 32. Apdirirhmh éNcule@nsud dbleRdink GindRY staRBdf FeR¥iRes SighBls| dohsprisadi red for
perform ng cal cul ations to determ ne binary states of recelved signals,

conprising: (a)aper berfoimigga firstrgoumebiopwartd mefrigealgulationd durorg cul at i ons
during a fir§t stage;, (b) storing the first group of forward netric val ues
in a menory? lfséftaﬁ rformng reverse netric calculations during a second

stage fol ' owi ng ppal diclinb3he fifsP@ftup (ffordRrd AL hidks i GHMIGLOUP. Of Tor vard

metric cal cul ati'ons as everse“netric values are calculated”during the
second stage; (&) reapdifognihgioversd mattic calcviatiogsiuwingaakcbrid st fll@vipgout  of
| ocations in nenory for use with the reverse netric val ues cal cul at ed
during sai dsaidEesop@eet age for perfornming cal cul ations to determne binary

states of said Qgceive nal s: ,and st or,i ng .cal ¢ tions of said

second group of Dr wif orr?iilpg iac’secdnd grou I)I) forward metri¢ cachfaﬁons as

reverse metric values are calculated during the second stage;

() reading forward metric values of said first group out of
locations in memory for use with the reverse metric values calculated during said
second stage for performing calculations to determine binary states of said received
signals; and

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

received signals.

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

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

group of reverse metric calculations being calculated in a second stage;
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values during a time that the reverse netric values are being calculated in
the second stage, whereby each forward netric val ue cal cul ated during the
second stwge3iogs7stored in the same |ocation that a forwaPdTnsSvriwedal ue

calculated during the first stage is being read out for use in performng

| cul ati d i ne. bi f [ ' ' .
Appar atus for  cAMe R RasPRap btk R ey 8 Ao bTEE R pd st

perform ng @p.Lutput calculation to determ ne binary states of received
signals, conprising: nmeans for performing the reverse netric cal cul ations
in two stages, whemsifor madingghomyeokt mevie valesretlcilatedalurinigahe fingt stage
calculated in a first stage followed by a second group of reverse netric
cal cul at i onSoOBaNFPORYALE Uscandhe Pwpﬁt‘@éféliﬂmn'stage; 18 WD 03/ 023709

PCT/ US02/ 11664 MEANTo SErifd A8 (588 Bl S BURERSRIPLIRGCA3Y Sithe | o0

performed in t hé™§a eans Tor readi e revers ric val ues

cal cul at ed g igk dMevdrkd mbtricaRlatibhPMIBUIGE Yhef REoBRagbirRrRUARHE
cal cul ation; nmeans for performng the forward nmetric cal cul ations after

conpl eti on aiflculiteonsfandst st age of reverse netric cal cul ations and before

t he second stage of reverse neijric calculationsg; and neans for witing
each reverse net$ans £ Wifing 44 B?Yrefsreié“etnﬂ%cag%‘%tﬁa during the;sggond stagrippy

location that a f Y&t S&niRLEY s&rﬁl&ﬁ'fdlc@ ﬁﬁteﬁ%ggﬁg er}ﬁstfsia!géﬁs b%h%g?ad;:cﬁg |bﬁ1l gg

read out for use n an output calculation. e apparatus o

further conpgiusé MBn®RApE chRulatienf orm ng output cal culations utilizing the
reverse netrics calculated in the first stage and the forward netrics

calculated in the second stage. 35. The apparatus of claim 33 further
conprising nmeans, for performng . far g‘ﬂ trics in athird stage .follow ng
sai d second stag¥r e;[glﬁr’f’??@rg]“{so"ftﬂ%‘mrm@% @r cOmprising means for pefltiming

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

forward metrics calculated in the second stage.

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

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

third stage.

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

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

a first memory for storing each reverse metric value;

a local memory for storing each received data bit and accompanying parity bits;
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metrics calculated in the second stage; and neans for perform ng output
calculations utilizing the reverse netric values calculated during the
second stwgasanstos he forward netric val ues cal cul at ed duripeg/usog1i66hi rd
stage. 36. Apparatus for decoding a transm ssion received froma renote

| ocation which incluydes data bits and assogi d rd bi nd _whi ch may
be corrupted by m%sggr Iieﬁéilpﬁé’ut)? éwgﬁe&q%%%v%f‘}ghrﬁg}t?lgé‘fé#%??rgﬁgr&g:rﬁ%ealﬂs for
cal cul at i ngeq dlkti}arPexttinsit valug® interval, a reverse netric value for each
data bit and 1ts acconpanying parity bits received froma transm ssion

| ocation; a firmtansdomutilizingthsdaia bimandemsdriated/parsebitgirevioushastoeed imtheocal
menory for storing each received data bit, and acconpanying parity bits; 19
WO 03/ 02370crareioenfor egeulatinga frwert Meliggaly out a reverse netric val ue

oM e Tt RO o BT Do) BB AL e R

par i reviously stored in the

| ocal nmenor ¥ad Bits & &80 tbdfarity bt WaHedBlringthe 3tEndBAR Snteld bl dndGtopingecond
time interval, for calculating a reverse netric value for data bits and

associ at ed gmhireyerké tetnievaiue edlcdlatadndprinigeths seomd timergntervekbimvaimearatyst or i ng
each reverse netric, value cal cul at.ed during the second ti interv in a
menory | oclcatnn fithe Hest mepory ‘r‘l’éﬁﬂ%afer’(e%ﬁ' 1%Vaj'é‘?/’élr%3éi %NEW?I@S\%(EL is

read out during step (d). 37. Apparatus of claim 36 including neans for
reading out of the local nenory the data bit and associated parity bits

read into the | orl mqj(;ﬁfayusi of clauerseincRligr mtats o8 eedding alicoft theilogalt he
extrinsic value by read-only neans. 38. The apparatus of claim 37 further
conpri si ng meposy therdatmbit andadsaejated pasir bifsrsadniathgdotsd sweanasy imreyessen

forward netric value, a, given reverse netric vajue and a given data bit
and associ aP'dgr %&W?W‘Eﬁkﬁg‘?ﬂ%.ﬁe STHRS(E efbé’rre%dé?@ﬁlnéetainﬁg forward and

reverse netrics required for

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

a given data bit and associated parity bits.

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

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

means for performing reverse metric calculations during a second stage
following said first stage;

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

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

for performing calculations to determine binary states of said received signals; and
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perform ng cal culations to determ ne binary states of received signals,
conprising: neans for performng a first group of forward netric

cal cul atiwos@des7ong a first stage; menory means for stori pgTiuse2Aiesst group
of forward nmetric val ues; neans for performng reverse nmetric cal cul ations

during a second s ol.l owi.n aid first st erformng a
second group ofIP@?@QPHMHB?gF@C@@fgﬁﬂgFF@ﬁ§°§§?589%gg ﬁgf FEAEEs are
cal cul ated gusi uﬁqlae%ha%%@mel%& {8ric VBAASark ‘Béln%gﬁﬁhﬁ%df ﬁrﬂ‘i@%éoﬁ@_‘stﬁ%& val ues
of said first oup out of locations in said nory f use wth the

reverse met wherebabashforwdrd matiedaldeicdlagatsdiddrisgthendcaidagge if worep @i ther m ng
calculations to determ ne binary states of said received signals; and 20
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val ue cal cul;gtgd during the second stage is stored in the sane |ocation
that a forward netric value calculated during the first stage is being read
out for use in performng calculations to determ ne binary states of said
received signals. 21
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