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-1- CODER UTI LI ZI NG SOFT | NFORMATI ON QUTPUT
TO M NI M ZE BQRORATES BACKGROUND OF THE | NVENTI ON 5
Technical Field of the Invention The present invention relates
to the coding and decodi ng of digitaj. data for transm ssion over a
communi cati ons channel and, in particular, to a system decoder
utilizing soft information outputs to mnimze 10 error rates in the
transmtted digital data. Description of Related Art

There exi st many appl ipgRiopRs e Bz1d GonP| tFBSRMATION oudiptrt al data
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i nperative that the reception of digital data be accorrpl i shed as

reliably as S ommuni cation of digital data is
difficult, mmﬂﬁﬁ§é§§éﬁ§.é€ fﬁERigygﬁh?Q tlons channels utilized for
dat a traﬁsn155|on [ g 2 5 7 Mt cing factors. For
cxaml . SUch e 078, g ene oGO A0p5L 0l eOSN SEAL) OBl
such f acteredivgul o ||@h94§taéncé%a%eréorheté‘|a@|5!“<}|ssdafa iavept a

transnmitted p%ﬂﬁﬁﬂﬂ&éﬁtf@ﬂéobhhﬁﬂéﬂ'éﬁﬂy ﬁﬁcﬁdﬁﬁicdihr, to a system
Consi der abl e attentlon hi heen di coverl ng et hods

for addressi n&FRAFhsBiAceSIFE FOLY mgorma\ﬁlhoé"n ‘P‘ﬁ)?‘&'é?l ¥ CadBbpahgedat a
transm 49i on aofroi tr#ses in théotranampkbeed diigdtwdl Iddteown in the art to
enpl oy forward E gEEEElﬁgﬁrggtggg SEEC# ﬁodes and ot her neans to

| ocate, 30 count nate these errors. The

data streamis thusThewodwiisth manoakpldeatiicnsa wherea|liange volumgs of

predefined COQﬂ@I@a?l egiaty | %ﬂﬁﬂ: ' %ea cedakagk ced LhaAl receivBa tigul gr
encodi ng schemne, code he random errQrs introduced

therein duri ipP ??%%H§£Yoﬁrr8|re tyee mannex; vely q%f‘““”r’b’c%&"eﬁonﬁnd

correctdd durdydkrewms, in par¥Ocl86487247t is imperative that the
PCT/US97/14260

PCT/US97/14260

reception of digital data be accomplished as reliably as
is possible. Reliable communication of digital data is
difficult, however, because the communications channels
utilized for data transmission are plagued by error

20 introducing factors. For example, such errors may be
attributable to transient conditions in the channel (like
noise or multi-path fading}. The influence of such
factors results in instances where the digital data is not
transmitted properly or cannct be reliably received.

25 Considerable attention has been directed toward
discovering methods for addressing the instances of errors
which typically accompany data transmission activities.
.Fof eiample, it is well known in the art to employ forward
error correction (FEC) codes and other means to locate,

30 counteract, correct and/or eliminate these errors. The
data stream is thus encoded in accordance with a plurality
of predefined codewords established in a codebook for that
particular encoding scheme. Once encoded, the random
errors introduced therein during transmission are

35 relatively easily located and corrected during a
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conpared agai nst each of the plurality of codewords in the codebook
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probability recel ved data“given a | cal
one wa<l traresadeyry comp¥iging an error control decoder utl izes the

output soft information to detect and correct introduced
errors. In another scenario used in the PRISM-TDMA
communications system, the inner decoder comprises an
improved multiband excitation (IMBE) error control decoder
25 generating estimates of the number of channel errors, and
the outer stage decoder comprises a speech decoder which
utilizes the output error estimates in determining whether
to discard data.
Soft information outputs have historically been
30 generated by the decoder in conjunction with the selection
of the closest codeword and its associated hard
information output. The reliability information
comprising the soft information output is calculated for
each individual symbol (bit)} within the hard information
35 output. Accordingly, in such decoders the reliability of
each symbol (bit} within the hard information output
vector is derived without taking into consideration either .



probabl ity of the received data given a bit wth a | ogi cal val ue of
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The relative rebgabhhi 418 off feFdBidHN et iad . a certain
information bit position is determned by cal cul ati ng a val ue

proportional to the joint probability 30 that the received synbol and
the set of all SnmmmresinadIE INVENTIHONM tted codewords led to the

esti mat eg, or det ect Clﬁc?defa{g éngﬁaggés nﬁ\#&ﬂ%tl’%ncso ééﬁ?” ksa hen

made of e robabi respect t ur al wor ds
having a zero PnretSW@tt cenmmntmqﬂ orpdugedi t posiaddiht bed 350 at hbard

cal cul ated pr Oﬁﬁ?bkh’ét%nv‘ﬂoh'% Fé%fttlr&é%é hse L!Eé’éelved %WSXWQS {Si*\é' ng
a one in that certalnln ornafi on posi tion. The result o
conpari son proPdessade) 1nformat10n output comprising the relative
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t hreshol d, dat rej ect retransm ssl ons are or
10 BRI EF DESERFPthel\lreFewE%ﬁAmmésand the set of all hypothesized

_ transmitted codewords led to the estimated or detected
20 hard information output. A comparison is then made of the
calculated probabilities with respect to plural codewords
having a zero in that certain information bit position and
the calculated probabilities with respect to the plural
codewords having a one in that certain information bit
25 position. The result of the comparison provides an
indication of whether the harxrd information output in that
same information bit position is more likely a one or a
zerxo.
In another aspect of the present invention, the soft
30 information outputs are further processed in comparison
to a preset threshold. Responsive to instances where the
soft information outputs exceed the threshold, data block
rejections and/or retransmissions are ordered.

35 BRIEF DESCRIPTION OF THE DRAWINGS
, A more complete understanding of the method and
apparatus of the present invention may be acquired by
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present invention may be acquired by WO 98/ 07247

PCT/ US97/ 14260 98/072 - 4- r EFESRULA260,
the follow ng Detail ed Description when taken in conjunction with the
acconpanyi ng Draw ngs wherein: .4.FIGURE 1 is a block diagram of a
prior art cross- I nterl eaved codi ng system 5 FIGURE 2 is a
bl ock diagram of a prior art coding system havi ng soft

i nfformati on refdgmance tdetcbdi igllowingchetdilediRksscription wherFIt@Hi% 3is

a bl ock di ag{jﬂm génﬁzﬁck?%émeﬁ ktﬁé’déeggﬁngaﬁyl ?Sb?%ghg%h%h%rr%%.

i nventi on; Agram a particul ar
i mpl enent ation of THURBdiingSsy&stelpds ¢fiagregm3of a prior artGORRSE+s a

bl ock di agr arg,péeﬁlé%@lé@dyng Spktem; codi ng system of the present
I nventi k di agram of a codi ng system 15

0
i npl erre?ltl ng bl ockF:\‘%W‘%r@ & %Z?f%ﬁ%rﬁée%ﬁ f Prctd dMsEOT 2 ve to
soft infornatspstent pltavimnd soft  infEr@RESH7- 1auapetfundtelc@|atalngbl ock

di agrans of t .43 decoder of the present invention. 20 DETAI LED
DESCRI PTI ON &%ﬁ%%ﬁi@s _Reference is now made to FlI GURE 1,
wherein there is FIGUREovF # blosk diagram of a pinaryabiock coding

cross-interl E?%@@em of tﬁgd?f@séﬂétﬁ%éﬂtlgq the transmt side 12 of the
system encodi ng of a receilved Ol‘lgl nal data streamis 25

acconpliPshed in t FE&UREepd. ispjpstblogke dingram egfn a Pparsdsmiad on
line 14 is ermmpteehénmet:tmﬁ&bf eh&edso@mgdepstem of161GHREt 3;t he encoded

data stream out put n i,nt er| eav i nterlea er
data stream oul pute RukENg 1 1 1ocy AELSELEALS] o BionalspLitery
encoded by 30coding sexsweln of nbke preselt 2dventibs;encoded data stream
output on line pRfsukg ¢ hes atrﬂm?ektt&fiagloa«ﬁr of? a codlmp ons

channel 28. On the recelve side system 1 of the
transnilfted ddiRlemeriaidg blockedajijugeomnd rr"ée?’ean%‘t’alﬁ’%%‘évefupﬁél@nsgl nal

data stream 3fes omsnaé:cwpéd;stleﬂnbdnﬁ@ti@ﬁnwepaeéreaﬁandl ng decodi ng and
de-interleaving St?P&:ﬁé‘sav‘:S?Ep'are Y LN eP B8RO Y rams of the

decoder of the present invention.

20 DETAILED DESCRIPTION OF THE DRAWINGS
Reference is now made to FIGURE 1, wherein there is
shown a block diagram of a prior art cross-interleaved
coding system 10. On the transmit side 12 of the system
10, encoding of a received original data stream is
25 accomplished in three steps. First, the data stream
received on line 14 is encoded by a first, outer encoder
16. Next, the encoded data stream output on line 18 is
in;er;eaved by an interleaver 20. Finally, the
interleaved data stream output on line 22 is encoded by
30 a second, inner encoder 24. The encoded data stream
output on 1line 26 is then transmitted over a
communications channel 28. On the receive side 30 of the
system 10, decoding of the transmitted data stream
received on line 26' to recover the original data stream
35 is accomplished by performing corresponding decoding and

de-interleaving steps in a complementary three-step order
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-5- ut|||2|n an i nner decoder 32, a de-interleaver n
outer decoder¥ ggpect ively. Ref erence i s now made to “?I'Eﬁlﬁg
2, wherein there S shown a bl ock diagramof a prior art coding
system 38 5 havi ng soft information outquut decoding capabilities. On
the transmt side 40, the system 38, |like the system 10 of FIGURE 1,

i ncl udes an outer encoder 42, an interleaver 44, and an inner encoder

46. The data sttiédfedugpan dmner dedddex 42 frandehéntezieriviessife, 4ands
carried by a 19n ﬁﬁegwaé‘éé&}é?”?sché@%%éc@@vel?n t he receive side 52, the
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soft i nfbr mat FEHMU FﬁEf‘QnSeS PH‘RF 0.t h&n eFecgive side jZ.odkh
channel errorssysbhem 3egr liﬂoa)deldedayetsmr g@amof FIGURE pLf dncllmméﬂan

along with the, sof %hlg%‘%&rg} @, , n?erqeo% %6359‘% utson Line 62, ¢ teu’fer

de-interl eaved B edver passed oOn to the 0
decoder 58. Thée.eoder i58c e e dprotes s hhor fhei mhacmepht srangmihsedusiatdy
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in particul ar, | p,ident| corfect efrors in the
stream 13 mfo’l“ﬂé H@EOBBFPBESt?ypl cally functions to cal cul ate 35

reliability informatheniegsy idddidhesofirtéer fahtelions to Gdrbtader
each i ndi vi dual %nbczl (bi t‘%i ] thi thethard I_nf %rnnatlii%n Ongout.
This is achi evE8*by t8ki n§*the 7 Eorma 16D o8PGPY. € in
PCT/ US97/ 14260conjunction with the decoding operat@on performed on the

data stream received on line 48' after transmission over
20 the communications channel 50. For example, the inner
decoder 54 may comprise an equalizer, with the soft
information outputs derived from path metric differences.
In another example, the inner decoder 54 may comprise an
improved multiband excitation (IMBE) decoder, with the

25 soft information outputs estimating the number of
introduced channel errors. The inner decoded data stream
output on line 64, along with the soft information
outputs, output on line 62, are de-interleaved by the de-
interleaver 56 and passed on to the outer decoder $8. The

30 received soft information outputs are then used by the
outer decoder 58 to assist in the decoding operation and,

in particular, to help identify and correct errors in the

- data stream.

The decoder 54 typically functions to calculate

35 reliability information comprising the soft information
output for each individual symbol (bit) within the hard
information output. This is achieved by taking the
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bei ng used e transmt sid stem 100 may further

i ncl ude a nurahawibfa flieak éi@@é‘aﬂ‘goéné}/ BFn?ﬁYeW@ﬁkﬁ fgdang SY%FGWeﬂpg as
general ly refgfretet pdsdd?. invehtheungh The syéwxﬁrabed Bfcheidy a

t d bef the d t hat .ot h
Pco 15 anarranenit qinEodte, af s reneiTe MGF dbhme 1 ShelCArranige
wel | . side The2¢cotkd eyspetn 1dO: dnalwies ren (ki) bbnaayybbd\olckBS
encoder 106 o Soqdf aftiym ﬁ{)& 1frf[§.r B‘i%k BfCWQSEthgQES regelcreane%' 114

whi ch nmay i ntFoducé a nu ucli ng an n-di nensi onal
vector recei veineod@Rori® encoded bmgspéwzwd of "n” code digits in

PCT/ US97/ 1426Pen th (wheren.n n>k) for output on 1in& 110. The data

r=(r[er [ rferr]) . ,on,line 116. there(;elve SI e 104,
t he sy&P]em 10‘% %ﬁEF éé“zgznﬁ?(‘l num%‘q)kef"f’ho%?lc %fnfrcﬁw K
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imensional vector e. Each codeword 1ncludes m check

digits (wherein m=n-k) among the code digits, with the

25 check digits being useful in later detecting (and perhaps

correcting) t number of channel errors introduced into the

(n,k) code, where t depends on the particular code being

used. The transmit side 102 of the system 100 may further

include a number of other encoding and/or interleaving

30 elements as generally referred to at 112. Although

illustrated as being positioned before the enccder 106,

it will be understood that other encoding and/or
interleaving elements may be positioned after as well.

The coded output vector ¢ of the (n,k) binary block

35 encoder 106 is transmitted through a communications

channel 114 which may introduce a number of exrrors

producing an n-dimensional vector received codeword



to d due to the introduced channel errors. The decodi ng operation

performed by the decoder 118 conputes the Eucl i dean di st
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Y[err],...,Y[err]) in the appropriate codebook, wherein 10 Y[err] is in
[err]1l form for i=1to 2[err]. 1In the sL@ndard maxi mum | i kel i hood
decoder 118, the codeword y closest tor is chosen, and its

correspondi ng hard information bits
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120. The receiyg, Sé}d&é{?ﬁ@é e et eMA0 iRY mgm{oaé (n, kf'%!flﬁfc?y
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correspondi ng f0data didiase mclmelx@@hattcllautputh% I oK b Sjﬂac 1aata
In addltlon to the har |nfornat{on bits x outpuyt decod

118 on | Pne 12819t JRGTET P Pheke X3 - - - eﬁgtggt n?SFFsFEFEgl gya
informati on veedod Quépud the 1n5£oaabeﬁrhhﬂhneﬂ g, Ths[&ecbalﬁg

i ne 124. ' , L
codewords vy toaﬁg%g?ﬁ té&fﬁ%ég byTr%lecho ce Ethlla(ra?vo g%l%%%r a‘dE‘Sff
bet ween conple&ucyldﬁaZSdlSQﬁRFqcﬂ[twwrk)hﬁ#%@@%tFoﬁﬂﬁuﬁ%ﬂﬁI tadewomti on
out put o q,gai 'y&%’,yljt:;rﬁ Lind néy Y) tastd W dsrdgvinal bedé’@éolehq%é?am

s

L as s et ween d Tour results i1 satisfacto
i nf or matifon oWputsSviP ues. ?%W Pret i-on 1t tthe StghQQ%ﬁl%ﬁxfWuWor

j=1 tg K, ttge Eﬁkeﬁkhaogaﬁddddﬁiech.lml Otae cod(;evfd:qfdst;trﬁen?@[eetr ]t,ot andia ]
secon se ery coge r cl ude ] e IIrsf.se err
o the | cth 1 nPhoRER: oebty ftd ' CorrearphRind Patlnat LOTBRELEN SS1ER,
(0). Conversel®s (x,, %, xa .codexbraire prodiamtbdis rcheharmat ond-met Gheliheif
the j-th 1é6‘fOrﬁé'?gcéi{recgﬁa‘ésﬁﬁﬁdb@ the Al dﬁ@rrﬁ‘ay}'rsfﬁﬁﬁhé})

soft ormati on_ out put vector st

det er mi néd b imelude ogemumbesof oothey: encoding apg/9g) girpugrleaving
PCT/U597/1426Qelements as generally referred -So at [82R]  positioned

before and/or after the decoder 118, corresponding to

those included at 112 in the transmit side 102.
In addition to the hard information bits x output
20 from the decoder 118 on line 120, the decoder further
generates a soft (or side) information wvector output
8=(s,,8,,83,...,8;) on line 124. In accordance therewith,
a set C of the L closest codewords y to r is identified.
The choice of L involves a tradeoff between complexity of
25 the following calculation and soft information output
quality. Preliminary testing has indicated that choosing
L as small as between two and four results in satisfactoxry
soft information output values. For each information bit
location j, for j=1 to k, the set C is partitioned into
30 a first set €¢%”, and a second set C''!,
included in the first set C%% if the j-th information bit

A codeword y is

corresponding to that codeword is zero (0). Conversely,
a codeword is included in the second set CY%Y if the j-th
information bit corresponding to that codeword is one (1).

35 The soft information output vector & thus may
determined by the decoder 118 as follows:



wherein: [err] represents the variance of additive white

Gaussi an nqj se; ] =11to k, to index across thgm~i j on
bi t '%8998/07247I ocations; and 5 i =1 ton, f%hﬂlg%ﬁexd
across all of the codewor ds. In both the nunerator
and the denom nator of Equation 1, 8ke exponential portion produces a
val ue that is proportional to the joint probability of having received
10 the vector r and of a certain codeword y havi ng been transmtted.
Sai d anot her way, the exponential portion produces a value that is
proportional to the probability of receiving the vector r given a
certain codeword y havi ng beenstr m tt &fYY \The numerator thus sums
the 15 calcul ated joint probabilitie t a@en28y | he exponenti al

portion) for all the codewords y ing¢lye€@® n the fjrst set

Cerr](i.e., those included cod - $ roin the j-t(1)
information bit position). In the d¢no ator 2w | a summmation is made of
the cal culated joint probabilities 20 (t@kens’by} t he exponential portion)

.for all the codewords y included,é@ebhe secorfd set Clerr](i.e., those
i ncl uded codewords y having a oné in the j-th information bit
position). The likelihood of having either a zero or a one for the

hard information output x bit at issue is 25 taken by dividing the

nuner at or by om _pat r i ratd o, kb $. at er .than one
if the pr obaﬁh%%e§qg'f & P‘%%x\'/?gn%?%szgp S ﬁ?\él’lf#é&jg?t %tf: n?%?lrr%%?%nw%ﬁltte
exceeds the pr obatliaugsiast RSy a one. Conversely, the resulting

WO 98/ 07247 j = 1 to k, to index acrossPEheUPR£6:AE0490n bit
- 9- ratio is less than one if_the probability of having a one

in the j-th informati ont¥FatIBRBed®®he probability of havi ng a zero.
By takifig the logarithm when the valueto indek SdErddsi aldr eaifer thigan
zero (s[err]>0), this r@oaélswéxbgst a zero 5 (0) is nore likely for the
correspondi ng hard infornation - bit X[err]. Conversely, when the

val ue of s[erkr] bofh &dwe twmerator and otlie| denpmdnateni ofnBguatilat 1a one

(1) is nore lgheel YetSbnentiall hBoeRibRS PYRYdMEdR! thi Py QIHBLI eRARI t p err].
cauation (1) cal 2% NI 1l orelanitil) of hoVidt receivea
[err] proportional to t 3 P Y g receive
10 the vector r and of a certain codeword y having been
transmitted. Said another way, the exponential portion
produces a value that is proportional to the probability
of receiving the vector r given a certain codeword y
having been transmitted. The numerator thus sums the
15 calculated joint probabilities (taken by the exponential
portion) for all the codewords y included in the first set
c#? (i.e., those included codewords y having a zero in
the j-th information bit position). In the denominator,
a summation is made of the calculated joint probabilities
20 (taken by the exponential portion) for all the codewords

(-1 (i.e., those included

y included in the second set C
codewords y having a one in the j-th information bit
position). The likelihood of having either a zero or a
one for the hard information output x bit at issue is
25 taken by dividing the numerator by the denominator. The
resulting ratio is greater than one if the probability of
having a zero in the j-th information bit exceeds the

probability of having a one. Conversely, the resulting



The cormon portion of the first and second terns of Equation 2, |ike

with the exponenti al port I on of Equation 1, produces a v '
proporti onal YO Bz ﬂ oi nt probability of having recei veda*’#gwggﬁ‘%#os
and of a 15 certain codeword y having been transmtted. The first
termthen cal cul ates the negative of the clgsest Euclidean di stance
bet ween the received data vector r and a hypot heti cal codeword y
having a | ogical value of zero in the j-th information bit position
(i.e., those codenior dss Aess tih'cml wated 1fi phehprobabiddityevfCheving a e
second term in e8! GULE empAdindl f5PShi EUG Bdc@%}, rid 2pEBplBLIgey (e
recei ved data vector and a ypot t1cal evvor havi ng a“’l ogi cal

val ue of one | RAHAY - ?hZFﬁ'PornﬁtY difMping the %%?%FB‘H (When thigosmlue
codewords incl e, i dst geeaceendhaat z2%o (sglem] thi¥hmeane t\h&h:U% Hero

h
slerr] 150" eagh, SRAS 3hahel hzOkne corrobBiaaTRaNRaLRA B 200 () |
tCﬁIn\S/e;nsaglng, tm?lt Xy - th‘env&lnmelg'f, sig}mfn]tl:(h'e Ivagflet hmfncserjni(ﬂs{ae:s;]]t%&)gd
i nf or mat i gﬁobl(tijf fr Tl(ﬁ% rhéarli@ t?hég & %né: (1% §sCRb Eg H?.?c%élyg Por

30 vantage~of USI

approxi mat i on d¢heEqantesponding (Bardsinfigrmabliern Pati Znce, V\/m ch woul d
have to_be esth il €doft herwi ggn s agwﬂ%eu@kmdfamug restt sd n
WO 98/ 07247 PCT/ US97/ 14260

-10- 10 4 sf(‘?é-lli‘?fbg,- which is irrelevant. It should be noted that

in the event that (Jerr] is enpty, the value of s[err] |s set equal
to +[err]. Simlarly, in the evemmth@(r,ﬂerr]nms ey’ t he value of
s[err] is set equal to -[era",]= "y &cn | T gchidted tiat the mat hefdk i cal
operation of m ni m zi ng t'He Eucl |28ean (fstancezﬁ(r ylerr]) is

equi valent to maxi m zing the correlation [err], as follows:

[err] wherein: n is the block |ength of t he codeword; and

i = 1 ton, toThedeROBROR PPrEdERWRdstYperfirstgand |serendhdiepssiaf e
torewite the ekl ionf @, Mtikenwathpthe expon@ht Eflaboptibh) ofiS EGgatliadar d

mani pul ations "is, 19l I8uces a value that is proportional to the joint
probability of having received the vector r and of a
15 certain codeword y having been transmitted. The first
term then calculates the negative of the closest Euclidean
distance between the received data vector r and a
hypothetical codeword y having a logical value of zero in
the j-th information bit position (i.e., those codewords
20 included in the first set c'%), The second term
calculates the closest Euclidean distance between the
received data vector r and a hypothetical codeword y
having a logical value of one in the j-th information bit
position (i.e., those codewords included in the second set
25 c¥Y). when the value of s, is greater than zero (s;>0),
this means that a zero (0) is more 1likely for the
corresponding hard information bit x,. Conversely, when
the value of s; is less than zero (sy<0), this means that
a one (1) is more likely for the corresponding hard

" 30 information bit x,.
An advantage of using the approximation of Equation
(2) is that noise variance, which would have to be
estimated otherwise, can now be dropped. This results in



[err] and the approxi mation of Equation (2) may be rewitten

as foll ows: [err] Ei t her
Equation (2)W838%d3tion (5) may then be used by 15 t he ded&d&ySOTAL60;
determ ning the soft information out put. The choice of one over the
other is made in accordance with whgther distances or correlations
are nore readily available in and to the decoder 118.

Ref erence is now nmade to FIGURE 4 wherein there is 20 shown a bl ock

di agram of a pastatihgy whptbniést arredeghnt. It sholdP&HOFHed that

PCT/ US97/ 1426 1,0 -11- t he codj ng
system 100 of 9EI &}ISEeé’.ent ‘Fhr_leat_:sy%tem J1_"f>0empty’ |tr111c lJYelsuea ?fr atsm¥ 2Fde 102
and a recei veegnad 4@4+= (On Similanly tirasde evende thex, a'héd sistempupp

includes addi thanghlue of 8NCO4I f6k agiL1 8t ekl eaving el ements 112
conprisiig ab firsg, outer_encoder 120, a second, mddle encoder 122

and an ihterl eaver 1§24 TROtRA ethafcokiBP 19RO ReWRFicaL oPeragjon of
(N[err], N[ er ripinfyizing ridee rElaricd “"‘*’?}ﬁ‘“(t@g*?% meosbg)r 1 Qe 'xihglzent to
nmessage error Leet ability, e m e oder conpri ses
a convolutiongggéﬁg%égg &ggcﬁogﬁé¥gfégP n 1§ fgxiﬂﬁﬁmtion wi th the inner
(n, k) binary block encoder 106 to provide a concatenated encodi ng
operation useful in providing error correction capability. The
i nterl eaver 124 positioned betwe the m ddl e encoder 122 and the
i nner encoder 106 is useful in preveRfig;Byrst errors 15 i ntrodd@ed by
ei ther the comunications channel 114 &1 the subsequent decodi ng
operati on. The inner encoder 106 preferably utilizes (2kk)
Hadamard encoding to i nplenent a special class of binary

wherein: n is the block length of the codeword; and

i =1 ton, to index over all codewords vy,.
10 It is then possible to rewrite the soft information output
of Equation (1) using standard manipulations as follows:

S| = @

and the approximation of Equation (2) may be rewritten as
follows:

5= max .&. . max P 5
i yeClD "2~ yeC¥ 5 ®)

Either Equation (2) or Equation (S) may then be used by

15 the decoder 118 in determining the soft information

output. The choice of one over the other is made in

accordance with whether distances or correlations are more
readily available in and to the decoder 118.

Reference is now made to FIGURE 4 wherein there is

20 shown a block diagram of a particular implementation of



bl ock codes referred to as orthogonal codes. Use of such 20 ort hogonal

codes is pref e to their relatively sinple decod

i mpl ement at i Oﬁrgw%&ﬁgﬁ possibility of noncoher ent denodule% ngﬂ
encodi ng process my be descri bed by
ylerr]=f(x[err],x[err],x[err],...,x[err])-faar i=1 to 2k, wherein

y[err] is the output codeword, f refers to the encoding 25 function, and
b refers to the bits to be encoded. The code book for the encoder

106 thus conghet scodfing?[system 100 cofleWoFrGdRE . 3. The sYHtemcoded

out put of the i;nRe[La6El & kthralsniddTRid 1ICQHRY a receﬁ@@ éﬁdér@ﬂ§n1tbﬁd
t hrough t he communi cati ons cggnnel 114 30 to the r %E %ag 104 of the
1 n

system 100. ThBer Exapgmit sidegipR, i TR + ipigeRl
decoder 118 Whleella:odlng aed pote s ihbe rijedsiimgd alrmmmdsccnclev\mcdmpﬁsimgl ag a

f ast ansf.or find orr I;ﬁj 0 f
Equat i on %3) fﬁggibdﬂﬂ%fﬁ %&ééﬁg%r%??s %ef%%%d% "%h qgng?%%ﬁllzz’
processi ng andanddanginteslpgavanrd I24nuniire sfutferstencoder | 30 epenpaisess

h b d 7.
Pg¥?USS$?14gg85QPQthﬁ@ QQBEQBrfé&ﬁhﬁﬁﬁby check (CRéM)éﬁgéggé ¥ovhd1ng

i npl enent at i onYeFFAGH RXERF dptegeionncppability. de53ﬂ%ﬂnﬂgﬁﬁe encoder A

2[err] x 2[errh2badamprd selt b tonadlke i09RS! rdifdsie bywhieh operaé@él ownng
i nducti o Iunns

of H[erri]0 are CREBNESHARBr HibhR the %‘ar{flﬁdgmary Ripgk s?)%‘é‘?‘g? ﬁer.
The Hadanard t tengmrndenporencatenatedferkpdingnepébatdnd (Uhefudl nthde

with the corre&@l%&@%ﬁﬁ errd¥ ggy@é69¥%§3éagéggﬁlfﬁ111The interl AveE,.

rHerr]=([err] | Pl enen
the matrix H |g2§ymm§;t@one¢ht@tween the middle encoder 122 and the

inner encoder 106 is useful in preventing burst errors
15 introduced by either the communications channel 114 or the
subsequent decoding operation.
The inner encoder 106 preferably utilizes (2%, k)
Hadamard encoding to implement a special class of binary
block codes referred to as orthogonal codes. Use of such
20 orthogonal codes is preferred due to their relatively
simple decoder implementations and possibility of
noncoherent demodulation. The encoding process may be
described by y.=f(x%;,%;,X3,...,%) for i=1 to 2%, wherein
y; is the output codeword, f refers to the encoding
25 function, and b refers to the bits to be encoded. The
code book for the encoder 106 thus consists of 2F
codewords vy.
The coded output of the inmer (2* k) Hadamard encoder
106 is transmitted through the communications channel 114
30 to the receive side 104 of the system 100. The receive
side 104 includes an inner binary block decoder 118 which
decodes the Hadamard encoded codewords utilizing a fast
Hadamard transform (FHT) to find the correlations of
Equation (3). The Hadamard transform is well known in
35 signal processing and coding theory, and a number of fast
implementations have been developed. An appropriate one



is in fact the Hadamard transform To obtain the hard i nformati on

for output on line 130, the index to the | argest [err], for i=1to
2[err], is fW@M07IHd t he corresponding natural binary PEFESIERE240i on
thereto is output. 15 The receive side 104 of the system 100
further i ncl udes a soft infornatioq generator 132 associated with

the decoder 118. The soft infornaIan output is det er m ned
by the soft information generator 132 using Equation (5), and out put
on line 134. tTife thbeegertplamgtsticits isf oseledttq X ®f r hisean@nt hehd
indices are s I%%t %’11%” this case, | represents the set of those

i ndi ces, and FerF% iyTs the j-th bit of the natural binary

representation of A 2° x 2*Fgadamard-natiihkocant ben chnbtruke ek Hyo v g
provides a  f£o115WIRlE i3 JqR5Qnably accurate approxi mate |og-1ikelihood
WO

25 ratio: 98/ 07247

PCT/ US97/ 14260 -13- Jerr] wher e

the maximumis set to -[err] if the sgyoi I]enpty. When t he vaIN of

s[err] is greater than zero (s[err]>1é<_} IS neans that a zero ?0) IS
"D H{Pqrmation bit x[err].

nore likely for the correspondingyp?
Conversely, when the value of s[err
this means that a one (1) is nore

f-l‘s"ﬁ Ré{l(),,_q s than zero (s[err](z’b),
[

y Hor the correspondi ng hard

information bit x[err]. Put anot her way, the soft information
generator 132 produces soft output s=(s[err],s[err],s[err],...,s[err])
on line 134 for t he correspondi ng har d i nformation out put
10 x=dx[err], x[err], x[err],..., x[err]) output on line 130. Thi s
sof t information output is based on the follow ng algorithm

[err] The columns of H'*'(4@k the codewbeBeof kBer Hadamard code

in a specific order. The Hadamard transform components
of Equations (6) and (7) coincide with the correlations
of Equation (3), that is:

rH®=(p,...p,) )

10 In this implementation, the matrix H is symmetric. This
is in fact the Hadamard transform. To obtain the hard
information for output on line 130, the index to the
largest p;, for i=1 to 2%, is found, and the corresponding
natural binary representation thereto is output.

15 The zreceive side 104 of the system 100 further
includes a soft information generator 132 associated with
the decoder 118. The soft information output is
determined by the soft information generator 132 using
Equation (5), and output on line 134. The L largest p,'s,

20 for i=1 to 2%, and their indices are selected. 1In this
case, I represents the set of those indices, and B;(i) is
the j-th bit of the natural binary representation of 1i.
For the j-th information bit, the following provides a
simple and reasonably accurate approximate log-likelihood

25 ratio:



For each hard information bit x[err], the code book is partitioned
into two subseégsé ﬁg respondi ng to x[err]=1 or 15 x[err]=0. -gler/uswm 60
L5 08 &

correlation V& sociated with the codeword in the sane subs

are added to obtain a |ikelihood i ndi cation of whether x[err]=1 or
x[err]=0. The soft information bit ggerr] for a corresponding hard
information bit x[err] is generated by taking the difference of the
| i kel i hood 20 i ndi cati ons. The receive side 104 of the system
100 further i ncl udes addi ti opal decodlng and_de- |nterIeaV|ng el ement s
general ly referred to at 13§=C0 ?‘E{ n %g? 138, ddl e
decoder 140 and an outer deéodég%ﬁ ! '%he } )ﬁ erI eaver 138 ig(gm
connected to lines 130 and 134 to V\D 98/ 07247

PCT/ US97/ 14260 - 14- receive t he

out puts of the decodtr 118 .and soft |nfc1fr’r%§il enerator._ 132

output |ines 149€ maAXIEY S5 ®9 5 i s ) €1 St (ST Hr na‘ﬁ’%ﬁ

bits) fromt hethe vallaei miferd;edwergrisd ar etbanneered tx3>0he rilddl emeansder
140 5 whi ¢ [ a; 0NVl OoRal he- L : oder
140 uti1izes (HESH 2o o TacioTae pa e reghe iildiifung niFs

m nim ze the mmfm@m@at bibr xgequénpprerselyer whern fhe oralve afirg; is
lnforlm':lt lsgn gttlé%tx £R&R1 Y8800 s LHE, thzr.]slﬁéans-rhgx%tl tsa a{i@npiy S{iee?ﬂoréor
exanpl e, by ec rrors | e receiyed bit stream an en
correcting as hkeiynﬁﬂ(f Bhey HSrHSFBEPQ&ngr?‘&r BIREE The out put
line 148 (hard inf omatamtherswam y):hérsnsfthamﬁoddlaa:ion gerrhawml:er 139 is

connected to the oquter der 14 conp i
r edundancy che%’r?oc?‘dfﬁ? 58 det” tpl"ﬁ: \AQB?Q“Sozutséf deééd)z ?L4%§'¥‘%ncc3|4on£°fo
det ect any renghei ng e@vwrespondingn t héhamda st dgfprmation afpuence

i's now ngde to E(LURBE 5 wherein t)hebﬁtgﬁt on QYN !@36' ock «oth pgr agypf a
non- bi nary bl ock coding system 2 present |nvent| on, The

system 200 i ncirfRigmat den” outpPyhs bt bé‘rs&é 2’(’)‘2 iR a}gRrHeRm:

the transmt side 202, the system 200 i ncl udes a non-bi nary bl ock
encoder 206 wherein a recei ved dat a gnal oyl i ne 208 i s encoded
for output on line 210. Exanpl e&:~ €uch € ° encoders include: o) Mary
bl ock Reed- Sol onon encoder; or 25 jef moduksdtor for an Mary signa

constellation (such as quadrature anplitude nodul ation (QAM or phase
shift keying (PSK)). The transmt side 202 of the system 200
may further in¢pER: a number of other encodi ng and/ or i nterl eavi ng
el enents as generally referred to at 212.
M@{lx =l f (px)=p) an

For each hard information bit x;, the code book is
partitioned into two subsets, corresponding to x;=1 or
15 x,=0. The correlation values associated with the codeword
~ in the same subset are added to obtain a likelihood
indication of whether x;=1 or x;=0. The soft information
bit s; for a corresponding hard information bit x; is
generated by taking the difference of the 1likelihood

20 indications.

The receive side 104 of the system 100 further
includes additional decoding and de-interleaving elements
generally referred to at 136 comprising a de-interleaver
138, a middle decoder 140 and an outer decoder 142. The

25 de-interleaver 138 is connected to lines 130 and 134 to .



30 Al though illustrated as being positioned before the encoder

206, it wl| erstood that other encoding and/ or iﬂt—’ﬁl g
el enent s 21‘!‘%?3@%3 positioned after as well. The coded o%!?@\é%&c of
t he encoder 206 is transmtted through a comruni cati ons channel 214
whi ch may 35 I ntroduce a nunber of erygors producing a received code
signal r on line 216. On the receive side 204, the system 200

i ncl udes a correspondingly appropriate non-binary WO _ 98/ 07247

PCT/ US97/ 14286ceive the outputs of the decodey 118 andec88&F 218
whi ch deCOde%nEBEmEE‘i%hV%r@@@ﬁdezto The oﬂeﬁﬂtanqm o4 PUThErd
wherein z i s not necessarlls% (g %#t ue tq ths é gduced channel
errors. informathen ot ]n%‘ Pt § tpéﬁ’r“%"ﬁ‘é% A& Sdet5GBr TRES 5
conput es t heqEught éebe8adest B8 caf¥ rootireratied et whenmiddie decodeevaay
Codenorg Il ehbhcpI "oRBITHRLT I, SRRIidda SalBO3RY,  the Hfaqrbls

correspondi nﬁ Formati on rr])
, and hard i déooderi bﬁObutslxzea[*ém]soft W@méthQr@utPUt rgﬁ@@meéd as

the output ol 2 r %mezesy@mlbﬁe&]r %0 te€05F e5BgAdRCEO the
mbits (x[errBfl 1he ?%Ers\r,\,es ?lehle receive . O r2aO 4 of theeg s?em 100

may furt her Iemfpﬁdéaﬁenﬂﬁb e hard Jd'ffc?ﬁ'??érl‘%h(%’&% IRELIVEPN OB LéBGi ng
elenents as 144. O¢R8kaliy aetempedshedyt 222, erampleonasl, bakoeerand/ or

after e decoder 218, orres andi to those in ed at 15 .212 in the
tranan] si dg¥383s 1N the' re Rtk Cg%ﬁﬁ LT haen% ?laerl’n%%?ﬁ%f:ltﬂiﬁgs?ﬁbol s z
and bi tnany eaft puite fdenecheddervdes 288 igh paswibl®. tTHhe outpudecoder
further ge“eﬁf% f‘4§°f(ﬁxa§>67b9ﬁf6%9£i@ﬁ' Qﬁt‘éecéﬂ}{) fromOLErPéJtmEddQe l'ine

224, and a soft bit Informtion vectaor | i ne 226,
accordance wieRogRKs lfbris | epnnected 5%&@80%%41@%%4%&?%86&&&d y

tor is 'dent:bfm'qu.ses ac aﬁléhgeaanaanbyl RHRICKES(GRAY adleeddebet WeRB
conpl exity of cal cul at |4)qr¥:ﬁa d soft informati on out put

qual i tl? Pr ePPFrFﬁaFl?chgfl 'h‘bz ?Ih?’&%tte?i A38's |rr?§‘321§‘m EX38TEml |
as between twn thé dava rsasndans in satisfactory soft information

out put values. In af%r}l e Si dﬁgw ‘rngde to lglt | nar errfndgﬁg%%bgg

above, the set Cis | one subset's err]
each Iocatlmsh,own Foblock dipgphnf 9fthen@@nlbm%&“1(o‘h%° hec8dnBoRy FEem

appr oxi mat i 0BgigS 030 the FFedtorirfAct SMPOITHe ¥PstéMd200 includes a
Lerr] 20 transmit side 202 and a receive side 204. On the transmit
side 202, the system 200 includes a non-binary block
encoder 206 wherein a received data signal 4 on line 208
is encoded for output on line 210. Examples of such
encoders include: an M-ary block Reed-Solomon encoder; or
25 a modulator for an M-ary signal constellation (such as
quadrature amplitude modulation (QAM) or phase shift
keying (PSK)). The transmit side 202 of the system 200
may further include a number of other encoding and/or
interleaving elements as generally referred to at 212.
30 Although illustrated as being positioned before the
encoder 206, it will be understood that other enceding
and/or interleaving elements 212 may be positioned after
as well. The coded output ¢ of the encoder 206 is
transmitted through a communications channel 214 which may
35 introduce a number of errors producing a received code
signal r on line 216. On the receive side 204, the system

200 includes a correspondingly appropriate non-binary



Only the synbols [err] and [err] are kept with: WO 98/ 07247
PCT/ US97/ 14260 -16-

[err] WO 98107247 yherein, nmin denotes the second smal | est PHTHSEH14260
(i.e., the next minimun). The remai ning synbols are treated as i f
their probability is zero. Thus, the nosjglikely I nformati on synbol
is [err], the next nost likely information 5 synbol is [err], and the
soft value for the synbol at |ocation j is:

[err] decodksr a2fiiBnafhitlep; d&c@ﬂea/athes raeeicwd ukcatewost theo

I nformation bi th indexs ) mth o]

correspond tog:éﬁ‘erf’{géhaer E%Iﬁ%ﬁ’! %gum ng ailjrlmiL % nof:sﬁgf:\?gﬁal}ﬁ nl{ahle

bl ocks of m bities daha He® s§hdoirtredpced Ché’aﬁﬁlherﬂfﬁé'ssynbol set

{0,..., M1} is partidd rabdiHs cﬁberatl&h I SéroobRed E{/eth]a dedoacseaan
subset err] of synbols t Mis_incl gflntheflrst

subset B err] SopRtes they EE‘PFQ@%?%W& ance B (Tevy Lwesh eFsdmf a
synbol 15  selveiry codewded . t MEhes enmiwvoaub e tcligsest) tldf rt He hhbh;en,

i nf or mat i on bl)a;% N (1)COJP£éboﬁc§&%§°”h%Pé“e {REcHiStio on Dsbm¥ols

| ocation (j-
interpreted i |z=t(rze. sannzlﬁranmﬂld herg@ginfoomaten bits x=(x,,The .Pts,éueaxfe

whet her the S%&Edﬁ%@ﬁoﬁs the’ o8fphtPbh 1ine 220, wherein the symbol z,
10 corresponds to the m bits (X(-1mi1s..-,Xjn}- The receive
side 204 of the system 100 may further include a number
of other encoding and/or interleaving elements as
generally referred to at 222, positioned before and/or
after the decoder 218, corresponding to those included at
15 212 in the transmit side 202.

In addition to the hard information symbols z and
bits x output from the decoder 218 on line 220, the
decoder further generates a soft symbol information vector
output s' on line 224, and a soft bit information vector

20 output 8 on line 226. In accordance with this operation,
a set C of the L closest codeword y to r is identified.
The choice of L involves a tradeoff between complexity of
the following calculation and socft information output
quality. Preliminary testing has indicated that choosing

25 1, as small as between two and four results in satisfactory
soft information output values. In a manner similar to
the binary case described above, the set C is partitioned
into M subsets c¥®, .., c@™*V  for each location j. To
simplify the computations, the following approximation is

30 made: for each symbol /, we find:

min
& et D(ry) (12)

Only the symbols /, and /; are kept with:



20 s values output on lines 224 and 226, respectively, are nor e
meani ngful to the receive side 204 of the system 200 depends on the
decodi ng el We98724eneral |y referred to WO 98/ 072R¢T/USS7/14260
PCT/ US97/ 14260 -17- at 222,
included in the systemafter the decoder1 18. For i nstance, suppose
t he next decoder stage is a Reed-Sol omon™™" decoder over an al phabet of
size M In such a case, soft symbol val ues are nore useful. On the
other hand, if the 5 next stage is a binary block decoder, or a speech
decoder t hat processes bhits, gheﬂn@b&f bit values are nore ' fu

The soft values (bit and/or synbol) are luseful in ways ot her t an to
assist with error mnimzation and correction in subsequent stage
decoders. Referring now 10 to FIGURE 6, there is shown a bl ock di agram
of a receive side 250 of a data communi cations system 252 wherein the
soft value output(s) 254 from a degteef’ elﬂ’%@’(llke t hose shoyd) n

FI GURES 3 and 5) are processed by a thréshold error detector 258.

An out put 260 fromthe threshold 15 error detector 258 is set on a bl ock
by bl ock basis if the soft val ue output(s) 254 corresponding to that
bl ock exceed a given threshold val ue. The threshold, for

exanpl e, may set to ndi t|ve of £S&0Ce of nore
errors in the f%ﬁ%tr%@h%t §ﬁ°g g BI%ED (ﬁﬁr%E?PSH Hy e
recei ve si de 150 nefxtt e reiymsimin 25I',_he remalmepoﬁmbelsoarhetuaap&ﬁ 260
bei ng set, o] ?@@% njLh eiv e e 252
may fail t he o Eﬁég? abll:‘ht‘yo c%n%e%fﬁ?on efh?déj Fﬁg q‘tc%)gttgdlti atgj'{n
threshol d er g raadden: sY¥BObei Bobnsthn BEXST d@%%% 325k91Yf inépreatien he

cyclic sedundapmpicheck ,deg@dehe odofd Gdfue for theMyibdls atsabda@idpure

error detection Thus, when the systemincludes a threshold error
detector 258 Jartf’ processor 262, there may be no need to include
either a cyclic redundancy check encoder on the transmt side 264, 30
or a cyclic redundancy check decoder=8h + &' receive side 25@Q15)The
failure decision nade by the processor 262 could depend on whet her
any soft value outputs exceed the threshold or, alternatively, on

V\ﬂet hﬁr| a certai nzﬁa H rﬂi’ﬂal ste urazeﬂt QﬁaILE]@s S aaieelae&aUEere&%ed the -
ndicati ve oRRFREEY PHES ou ?fﬁe”a%*afé%c%é& o o1 TFm?H] PtoaZio) o
by signal i ng hd1e transnnbrsedpoﬁﬁ4tofth®ejsyhtsmmbol Assuming a map
10 is given between the blocks of m bits and the symbols, for
each h, the symbol set {0,...,M-1} is partitioned into a
first subset E™? and a second subset E™?! of symbols.
A symbol set M is included in the first subset E™? if the
h-th information bit is zero (0). Conversely, a symbol
15 set is included in the second subset E™! if the h-th
information bit is one (1). Then, the soft value for the

~bit at location (j-1)mth is:

min g min g

Sy-tmen” JephO) T JeE®D (16)

which is interpreted in the same manner as Equation (2).

The issue of whether the soft symbol s8' or soft bit

20 s values output on lines 224 and 226, respectively, are
more meaningful to the receive side 204 of the system 200
depends on the decoding elements, generally referred to



WO 98/ 07247 PCT/ US97/ 14260

- 18- 252 line 266 to request retransm ssion of th 96 '
of the data s‘FPéﬁ{ﬁﬁ%m ai ning the errors. Ref er ence ?s nogvg"ﬂgzeo

to FIGURES 7-12 wherein there are shown functional block diagranms of
t he decoder 118, 5 218 or 256 (including-.the soft information generator
132) of the present invention. The decoder 118, 218 or 256 is

preferably inplenented as a specialized digital signal processor
(DSP) or in amtRA3camdmdssedif thei gysgent after thedeeeder (8H C) .Fort

will, of coursgn?éiﬁlég\,desrm PRl néQt detBBerU8ERLET is 1d ReedIdb1dion 256

may alternatively Dbe I npl enent ed usi ng di screte conponents and
per haps dRadden AEF Foddeiakgt PE &ieRel- cadd, SURE FelOfE: BOft
218 or 256 peréwinal twl ds elreOfidreOpse&llONSON! khet bahed hand, iIf RIKSIRES

7-12 to inpl enent. the mathemati.cal operatigns revi qusly.described.
Referring first®*% %aﬁﬁiés?,a {tﬁéla cg’gé)F 1 gcoé%@ogr 2 598%61 %}c‘:@c&ers t he
vector r for prieegsioupssethdidscotben soft 1Big, valBesradsonatoneeful .
codebook 300 cont aif)09s3kk v&lueﬁcoﬂgy\@rgﬁd)'o Olgynfionar 44 £ ul,ae £594di 139

schenme being 20 I npl enent ed. conparator 302 recel ves the vector r and
each of the coveY®r @Fher SRR uket iafiigle WéFBceeryey minimpzatienl &ndne

of thte_ COdeV\Dré’éri“QJ:'éE'thiﬁ:c %%%teqa@dthestalge dées@éy¥sd YREEF&ﬁingTh{osﬂ
operat i my cQ | ses or : exanple, .a ,mum | i i hood .

oper at i ?};} Thet%tg%"gf‘gfs'%ther? h&® pﬁli’?mu?a?l?ﬁgzééﬁgérﬁ‘f?pﬁ i o SF&EHE nmed
depends in sidd @%k @pira datiheotypeiocattodsngystieansSkewhgreded.thd n
any event, the [ vaj o] ri f | a . L), &

their specificsqﬁéplg%gﬁgagkgﬁgkgrsg V\QE'I%I nomél?%éég&ér ?ﬁgse(lé&:éleltehc?as{sen t he
art. The sel ecskews| §8cFIEERS\0r aBd 5) Ayet mueerssrd tkyl aothgeshold

correspondi ng &PfOF Takk@Rrddt a58. Agpr%t'& 1192608 PP UERE kR rRHYIERL T ON

vector Xx. The decoder. 118, 218 or 6. further Jncludes a
functional ity error defectore2itnilfgSeheCRed | BbPTH thY doPt Raftdifphdthehar d
information vesdPt XraluBhi sutphtdbil 294 i Rioxrsigoring 36o tlot plloik a

vector s, and [} glhen t SleLhed:0eBRofe Ldtle.  Tné' dHrd HSHAT IR
PCT/ US97/ 14260example, may be set to a value indicative of the presence
of more errors in the data stream than are capable of

20 correction by the receive side 250 of the system 252.
Responsive to the output 260 being set, a processor 262

on the receive side 250 of the system 252 may fail the
block. In this connection, it will be noted that the
threshold error detector 258 performs an analogous

25 function to the cyclic redundancy check decoder of FIGURE
4 which is used for pure error detection. Thus, when the
system includes a threshold error detector 258 and
processor 262, there may be no need to include either a
cyclic redundancy check encoder on the transmit side 264,

30 or a cyclic redundancy check decoder on the receive side
250. The failure decision made by the processor 262 could
depend on whether any soft value outputs exceed the
threshold or, alternatively, on whether a certain minimum
number of the soft wvalue outputs exceed the threshold.

35 The processor 262 wmay further respond to the output 260
indicative of the soft value outputs 254 exceeding the set
threshold by signaling the transmit side 264 of the system



-19- Reference is now made to FIGURE 8 wherein there is
shown a funcyj.o | ock diagram of a first enbodi nent of Cfﬂﬁ%
reliability ﬁ}&@@ymzﬁat ion functionality 304 of the decoger 5’,“?38

or 256. The reliability determnation 5 functionality 304 receives the
vectors r, x and y. An i ncl uded pygbability determ nation
functionality 306 takes as its inputs the received vector r and the
plurality of codewords y and then cal cul ates val ues proportional to
t he pr oXEbidveary ldmer @66 EPngeanest cel XRREWER i ofgithen pord iop
hypot heti cal &f angdi 8t Nste8ACloRtaiAeng! thal bEYosE. codewords .

See, for exanple, exponential portion,of yations and 4, and the
cor r espondi ng por t¥ fpce 18 n%ﬂu%?@%n§°2F£ﬁHEgs Thide"BRE6ARI tPeFeval ues
arle out putI are Qhowhnfuﬁ@:&joﬁaagmwdd @idammmﬁﬁ \dnelsetaecpa?bahillsi,ty 15
values @n lin 08 €..C WO , . [ Lnfor lon
butput dect o S3€ Sh o niateng ke, ap8f ek ormde e, qeperrlo?’ TRz
respect to ceof aile guesesit timyention.co@beodesofievi hy8a 228i ozl 286rdsin a
gi ven infor gg&@@epamy implleRfediticd 4& shgp@@i%qli_%te%dacp{@@@i' SibaaIn ! h

respect to certain_ones of the codewdids having a_logilcal eina
gi ven i nf or meRFRFLIFRT | RSY) 0P I 30 cRPRhIFRBECN sSREgefic intpgraggdh of

the informati@mrdeit! 088ICPNS I8 wWhHdlharE coursd Nfse Mehde@Aste88PEhatvect or

X. T resuJts .of .the ariso ar e_out on li,ne 311 to a
i kel | E@od 251%9, t 4REPEGRal 14§ 2998\ PER 2a8; Ay negEE?BPaLéé{EFrY oP® the
i nformati on bimplewabteds usinge hdiskcreter mebmponentput and peehbaps X
whet her a | ogj ' ze | e LK

Ref erence is %%ﬁgﬁééﬁ}%é)qﬁ%§§%§§§5Whe?gi%?% e%ec?geSOFhé §%§Rﬁe§ fdRét i onal
bl ock di agran?®¥ eheIomRariass she functionpl jeeerabhens fbluskzaped with

the nuneratorj 9fFIGURES ,Eﬂyﬁzleasixa%wdeﬂt ©ehé i hathemaPREaBl4paat ibhe

cal cul at.ed rob bléltles wi,th respect to certain ones of the
codewor'ds haVPﬁ§V§°V%gYC $SGELBSEn a given information bit 35 | ocat i on.
Simlarly, a secopgfetudmy £ikfst WNFIGURE 7, thecdéctferenipr,obabi birti es
W th respect certai. n of h o] rds..havin | gaical _one in
a given infor%g igﬁ&gweg The’'ypotor nggcﬁ PeWds B3V "orfe | 8963k,

PCT/ US97/ 1426D18, 218 or 256 stores a codebook.300 contaimging| edation.

Agai n, these syfBwar8st AfenFdPr @RCh gafrdik®lar codiher MBEhahebi belipgat i ons
| the Jard ooy el Olg OVt R orparat SECH 8 Fectivll! OB SL.EL8 Lhgh 4 akes
the rat9o of t P
each of the codewords y, and functions to select the
particular one of the codewords which is closest to the
received vector. This operation may comprises, for
example, a maximum likelihood operation. The choice of
25 the particular type of comparison performed depends in
large part on the type of coding scheme being used. 1In
any event, the various available comparison functions as
well as their specific implementations are well known to
those skilled in the art. The selected closest codeword
30 is then converted to its corresponding information data
comprising the output hard information vector =x. The
decoder 118, 218 or 256 further includes a functionality
for determining the reliability 304 of the output hard
information vector =x. This reliability information is
35 output as a vector s, and it often referred to as soft (or
side) information output.



summed probabilities output fromfirst and second summers 5 314 and 316
for each of the i mation bit | ocations. The logarith %g.%' n
t aken of the%@?i’{’ﬁ’g{ ed ratio for output on line 311 asrr"tP e réegztl}{'{ksof

t he conpari son operation. Ref erence is now made to FI GURE
10 wherein there is 10 shown, in a fungdional block diagram a second
enbodi nent of a portion of t he reliability determ nation
functionality 304. In accordance with, for exanple, the first term of

Equation 2, a firstReflanfsnie 302 raVcORdees0 FIGURH S cWhsesinEhberged®

di stance betwegp.ihe ranetVeda¥eplobk 1@iagramadfl & BYpSthembeak mehanyF tted
codeword having a | ogi cal zero ,in a given i nf,orgﬁtl on bit | ocation.

Sinmlarly, a the rebtdnpylir¥ndeterminafiqht atwRcthenetdsyse BucPtd&de

di stance bet weitddea recej vedsveet aser. arthea Mahodbilicpl determihaadsn tt ed
codewor de havi a_Jl.odi ng.in Is ' ion hit,locatiqn.
Agai n, t%ese ggﬂ%clﬁlacg‘f%%{%fego‘l r%ctgz]i&%% f?tglre e‘é%:ﬁé§¥g?%é P‘nféor%drrﬁ'r onAfﬂt

| ocations in timeluded phababikityndeterminatpion amarionality SVEeRkeZ6

t hen Sully AEsS sy lediVed el ot PBha 32Re LOMKAIE Ly of
out put of the second elenent. 324 to generate a result for 25 ouyput on
line 311. codewordre¥eRBAcEhen YeRfe s ¢ FUSRPTPPOMtdosiad toetds s

por 1 on - of R Lo ot T Ry i
portion o e. reliabili ,det’erm nati on unctionaljty . In
accor dabfe wi tWPIEtEERD] E,raf%@%ﬁmn 9% sPache 9k BI"e éﬁ]d‘h?a}aidntYS,Of a
first correl alcdewcdd®s y. . Seal,cUict esxéhpl epxiexponeotrisd lat pont behwedn t he
recei ved : n hypot [ t ) . dgy@_r L [

a |l ogical zer (I)':q\(lnCéa'lqijr}gve%1 fjan or %ét i%ﬁé bIE?lLa| O%%{?%%é&ﬁ&lﬁ& | mﬁdLaJr}Fg/, %g
second correl Zayatdmscd candt s t Riegaxpmobadd litywdralyesi ane putmén

the receivedgypvaghfy 3ds. anfl cBmparatolyBAloheldcdlvdd amgadi bi6Eap29¢wey d
havi ng a_I ogi céﬁ one in ) a gl ven information bit |ocation,
Agai n, 1#hesevalues on line 308, the codewords vy, . s#pd the hard

correl ati on banfeematien eagipiad weticy %, aird acompares hyhet belcaahted
transmtted codeword -hawvi a_l.agic o) i Qi v I nf.or ion
bit locati on.m:o\%)‘_’lblll glﬁn%, w”?ﬁesrgésl)@cet g%ff’cu‘f%f?%ﬁgqréﬂ?gke%gf rJr%rl"e("‘ach
of the informeodewobids hgving| achegieal igenchdrma giviehodmforoatdenpbit
vector x. - Alocations t¥Tthe Ealhih A dbi it o Ppl e AT rbBgeseCend

correlator 330 fromthe output of the first correlator 32 .
20 certain ones of the codewords having a logical one in a

given information bit location. This comparison is made
for each of the information bit locations in the hard
information output vector =x. The results of the
comparisons are output on line 311 to a likelihood
25 functionality 312 which determines for each of the
information bit locations in the hard information output
vector x whether a logical one or a logical zero is more

likely.
Reference is now made to FIGURE 9 wherein there is
30 shown a functional block diagram of the comparator 310.

In accordance, for example, with the numerator of
Equations 1 and 4, a first summer 314 sums the calculated
probabilities with respect to certain ones of the
codewords having a logical zero in a given information bit
35 location. Similarly, a second summer 316 sums the
calculated probabilities with respect to certain ones of
the codewords having a logical one in a given information



to generate a result for output on |line 311. Ref erence i s now

made to FIGURE 12 wherein there is 10 shown a functional | ock

di agram of We#7247 | i hood functionality 312 conprisi ng ABH#368n
of reliability determnation functionality 304. A first
threshol d detector 334 receives thgyresult output on line 311, and
determ nes whether the result is greater than zero. If 15 yes, this nmeans
that the corresponding i nformation bit | ocation in the hard

i nformati on daittpliocaddonr. XAgair, these surkel|ardiaskern dgirxcalachalafe téfe zer o.

Conversel e AL 1on by MSTASRESETAE Rl SREKERCILE R |
| ess than zeMecto¥ ¥es, At Kptipmahert RI8 therndrakkeponlae ngatio of the
i nformation QiymneRC dhicabinitheshantphpf oromt £ 9PsPUARE! second ¥Emh@rsX NOre
| i kely has a | ogical value of one. , ) ,

AVENDED® SHEEB14 and 316 for each of the information bibp_ locations.
The logarithm 320 is then taken of the calculated ratio
for output on line 311 as the result of the comparison
operation.

Reference is now made to FIGURE 10 wherein there is

10 shown, in a functional block diagram, a second embodiment
of a portion of the 1reliability determination
functionality 304. 1In accordance with, for example, the
first term of Equation 2, a first element 322 calculates
the closest Euclidean distance between the received vector

15 r and a hypothetical transmitted codeword having a logical
zero in a given information bit location. Similarly, a
second element 324 calculates the closest Euclidean
distance between the received vector r and a hypothetical
transmitted codeword having a logical one in a given

20 information bit location. Again, these calculation are
taken for each of the information bit locations in the
hard information output vector x. A summer 326 then
subtracts the output of the first element 322 from the
output of the second element 324 to generate a result for

25 output on line 311.

Reference is now made to FIGURE 11 wherein there is
shown, in a functional block diagram, a second embodiment
of a portion of the reliability determination
functionality 304. In accordance with, for example, the

30 first term of Equation 5, a first correlator 328
calculates the maximal correlation between the received
vector r and a hypothetical transmitted codeword having
a logical zero in a given information bit location.
Similarly, a second correlator 330 calculates the maximal

35 correlation between the received vector r and a
hypothetical transmitted codeword having a logical one in
a given information bit location. Again, these



WHAT |'S CLAIMED | S: decodi ng net hod, conprising the steps

of : I,Ng a receijvE{iS\g ST, T—wth~each one of a

plurality of c‘ggg\é\!@%dg y, each OdeV\Dﬁ {E,? 1 _;5?1555#1 5 associ af(e:'r({Uﬁa?/(lfzso
' 302
r;-2an

I nformation vector x; the codeword y

closest to the recei ved vector outputting the
har d I nformati on vect or X corresponding to the sel ected
codeword y; 10 t he net hod characterized by the step of:

deternining (30Blauieriapi |ang Yakesr fon pagheol the pinformagrien bit

i nformation vecttaXiohBe ikel¢ 1R hht¥ Meftd¥mation ottpatervaies-fQr eagh
synmbol | ocation of the nf or mat i og vect or )E(" gg a function of
i v

d
each of the 1§“m'?ﬁ{|ra{£1aztryt5’|erbo§ FESYF ahet nBUFRE VERe orseconad
2. The nethodomfelatica B301 frametiiencutpat bfrthe first nforp&liodr VEEsor

X conprisgs a rié' | [ I 1S, rein the step of
det er m ni ng coprgpdrji eﬂsé%/?'ngé 2%”{?£g?gp§86f c:autqu b :I'%l'l?%a}yc1 ‘ating (306)
val ues that are proptpfigusnge thstiew made ppoBAGURE! §20Whegredinyitiprtdneis
recei ved vect orgHowh V& 'fifictionall’ msﬁi%ﬂm e Qipd hﬁiﬁéeﬂgﬂééa of
codewor ds v, X for each of the plurality of information BIts in
the 25 i nf orfHRSOHPRAEIEY Bl oRPEPFR§INg3 M) POrkdopal @fil aeddability
probabi i ties uidtermbpeeiono £@i¢edonANEEYCOZ@MDr dS 2y first haMidEh gero
inagiv I nf t].0 ' osition to the cal cul ated ,probahilities
with resggct té)HetrE%eacs?ar}rrgj%;e%%cfenlves &%nﬁgs"é}tCSHg%Edgnyqﬁg\ﬁ fdla @Rdin
that certain 3Getenmingsewhephert thesireismlt dml greater thandestrof.yi npf
(312) from the yeoipagh $eNmal s diat | OR Lothaier s APy -
i nformation out%ugtmx, In that sane i © 5 grpfrré)tlon tl}f)géf ?(E)golns br?btre
likely a one olosatsiken in the hard information output vector x more
likely has a logical value of zero. Conversely, a second
15 threshold detector 334 receives the result operation
output on line 311, and determines whether the result is
less than zero. If yes, this means that the corresponding
information bit location in the hard information output
vector x more likely has a logical value of one.
20 Although preferred embodiments of the present
invention have been illustrated in the accompanying
Drawings and described in the foregoing Detailed
Description, it will be understood that the invention is
not limited to the embodiments disclosed, but is capable
25 of numerous rearrangements, modifications and
substitutions without departing from the spirit of the
invention as set forth and defined by the following

claims.

eet Has Been Replaced

"



- 23- 3. The nethod of claim2 wherein the step of

conparing conprises the steps of: first sunmng (314) the
cal cul at ed Wl 983247 t h respect to the certain ones of tRETHSHEIARLS vy
having a 5 ~Zero_ in the given information bit position; and

second summ ng (rmSSBHEh“E"ca.I BNt ed val ues W|th , the sane
certain ones of the ta@icn codeywor ds -22- hav m(!ﬂ[ﬁm@[:u ru| gi ven

i nformation bi L Y\D 4. The 't vvherei n
the step of WHﬁT §oggggm@g &grther conprises the steps of:

taking (318) the ratio of the results of the first and secgond sunmi ng
steps; and 1. pakprRgdtsgorethogdgacamhi ifinhe BrngraPedofati 0. 15
5. The method ofc@hpamlﬁgvmrseae&bedstmmr r wwrdeéﬁd:ﬁybm COFPAI Ses

t he steps of: ating that a zero l;h if the

resul t phpraliEyy Prfle FS’ i o?’thc?ad‘"é'hercacf ed”"?ﬁ lﬁ?ea‘[“@r 20
than zéx o; aadsociated hardndnfarmag:ltdmatvea:t[me XS nore Ilkel y if the

resul t of t I r t rat.e [

than zero. 86L80ck G QP LR 17, SARRe e LR FeE i e
step of sel e‘é?f—‘ﬁ@rtﬁe certain ones of the codewords y from t he

\% urality of COdewﬁﬁﬁtlvﬁln the ha17d TharERARdorAS VbRl M x6
erern

ste ? |sest e step of choosing as the
certain 8°Bﬁ%§PBFdPH8 EBdE\&iﬁr c"r? %ﬂ’é&‘”ﬁf lf’nea‘b‘EM ality of
codewoytds y cIosedéténmihenge@elmebllalstlotyr vector s for the dliepuet hod

B O T BatHe S b 808P Plodl x SMRRY Me18uBETeLMOTERAES 81 the
determined for each symbol 1location of the hard
information vector x, as a function of each of the
plurality of codewords y and the received vector r.

15 |

2. The method of claim 1 wherein the hard
information vector x comprises a plurality of information
bits, and wherein the step of determining comprises the
steps of:

20 - calculating values that are proportional to the
probability of receiving the received vector r given the
transmission of each of the plurality of codewords y;

for each of the plurality of information bits in the
information vector x, comparing the calculated

25 probabilities with respect to certain ones codewords y
having a zero in a given information bit position to the
calculated probabilities with respect to the same certain
ones of codewords y having a one in that certain
information bit position; and

30 identifying from the comparison an indication of
whether the hard information output x in that same
information bit position is more likely a one or a zero.

3. The method of claim 2 wherein the step of
35 comparing comprises the steps of:

This Sheet Has Been Renla
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B el IR s oo,
e

step of 5 WOMHIMg sel'ecfs those ‘onds of the plurality of c
y having a nmaximal correlation with respect to the recei ved vector

r. 10. The method of clai m L, uherein. tf TEoT
determ ni ng conprises the steps of: -2Wh firs ﬁﬁEEZéJ ngﬂ)fthe
di stance between the recei ved vector r and cdrtain ‘ t he
codewords y bavéngsameeng thet halgilenednvedmetsi onitdi trqamedt oo and
second m ni M 2400 {22814 NEndk SERNERe PELYERBLEAS Y  haviifl el itk e} Afnd and
certain ones of 'Thé pod%morﬁs y . 1aving a one 1n the given

i nformation bigiypesiinfprmation bit POS}$}°¥heﬁ%§rumlof claim 10 wherein
the step of dgd &b Nekten iy R GaBYITRY HRA uekevith dgaat ity 20
(326) the result of the first mmnimzation fromthe reéult of fhe
second nidni ni Zelk¢ ofiame certain oneg) ofrfhepFRHHALR EPEEHCTESYe A i R%e

step of sedge nini vpef givbar indopnhsesnt ba tstpenrs tdfon 25
indicating (334) that a zero is nore likely if the result of
subtraction is greater than zero; and I ndicating (336) that a

one is nore likely #f thEhe methedulaf oflah®e shbwheneion ithel essephant
zero. 30 = oom a%@n?hfbftﬂgi'hegmB;:iQE@' Ehé ‘éﬁfﬁlg?:?t Bsi:.he step of

determ ni ng conprises The steps of; maxi m zing (328) the
correlatilon bet weentzhéng the rerteigegfvddiorresyhiscedt atbe ofidzssf and

codewords Yy  geconda¥imdiAgZ8tepkh LAQ given information bit position; and
taking a logarithm of the generated ratio.

5. The method of claim 4 wherein the step of
15 identifying comprises the steps of:
indicating that a zero is more likely if the result
of taking the logarithm of the generated ratio is greater
than zero; and
. indicating that a one is more likely if the result
20 of taking the logarithm of the generated ratio is less
than zero.

6. The method as in claim 2 further including the
step of selecting the certain ones of the codewords y from

25 the plurality of codewords y.
7. The method as in claim 6 wherein step of

selecting comprises the step of choosing as the certain
ones of the codewords y those ones of the plurality of
30 codewords y closest to the received vector r.

8. The method as in claim 6 wherein the step of
choosing selects those ones of the plurality of codewords
Y having a minimal Euclidean distance with respect to the
35 received vector r.
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- 25- Secorlmmmmﬂiﬂﬂj H’P) the correlation between the

recei ved vector r and certainton e codewords y havi ng a one
in the gi veWQt¥24ati on bit position. 14. The rt 8269 ai m
13 wherein the step of - . determ ning fur l-her.conprises the step of
subtracting (332) the result of thg serdhid BREATMHARIBZGN If rom t he
result of the first naxim zation. 10 15. REPU@(,mt hod jof claim 14
wherein the step of determ ni ng furt her-tomprtses—the—stieps of:

i ndi cating (334) svhat Theemetilsodoae ihkelwgimf & heherein tkReulstegf of

subtraction i [ er . ' MaTe [ at a
one i s nore F?‘ng%%f é?}iugég%zﬂér)sees% ft ﬁges B‘Pfggtlﬁgﬁl |s':l(°e%g?g)?§1(g zero.
16. The net hyd bavingclai majeciﬁmslr emrprlealaallpmy with respedeworas the
conpri se Hadggg[egi_vggd@%%@% r. 17. The method as in claim1l
wherein plurality of codevvords y conprise Reed- Sol omon codewords.

18. The® nethod as in claim1 further conprising the steps of: 25
processing (258) tbe gemes akhedhedl icihi blhimvert (thexrein thet Ost&gntddy the
presence of QLEQrS: 5 . COH&Z’E ng E)ZG%) .a nunber of the identified
errors to EXMAPARE: EPMPRAT St O §EEP5a 04 ° si gnal i ng (266)
for a rejection ofirisd megeimiexirgnttthe80distanaashesween thet heauivest of
identified e exc S t d r

19. The met hg%%?r % gxrgn&ll%e t.'uar:% ec;rh%lsgéﬁ gﬁs %ﬁ&ﬂ&&é%ﬁ%&lrﬁ rezqeuxéqstl ng
re-traHsni ssidnthe gR¥edadzfopmagdopsbit Wﬁﬁérlo@f: |ad’é]nt|f|ed errors

exceeds the predegeeBhAefinimizihlf @BOHdstance between the received
vector r and certain ones of the codewords y having a one

in the given information bit position.

15 11. The method of claim 10 wherein the step of
determining further comprises the step of subtracting the
result of the first minimization from the result of the
second minimization.

20 ' 12. The method of claim 11 wherein the step of
determining further comprises the steps of:
indicating that a zero is more likely if the result
of subtraction is greater than zero; and
indicating that a one is more likely if the result
25 of the subtraction is less than zero.

13. The method of claim 1 wherein the step of
determining comprises the steps of:
first maximizing the correlation between the received
30 vector r and certain ones of the codewords y having a zero
in the given information bit position; and
second maximizing the correlation between the
received vector r and certain ones of the codewords y
having a one in the given information bit position.
35 _
14. The method of claim. 13 wherein the step of
determining further comprises the step of subtracting the
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-26- 7 20. A d m"m l ll *IoR means (302) for
conparing a received vecﬂgﬁ ( “nml ﬂm each one of a plurali
codewords v, @Qc?ﬁ’o%aemr ¢ L ®ha ﬁé&/ﬁ%%?gﬁzso

¥ing an associated hard infornma

vector x, selecting 5 t he codeword y cl osest{El . sy Ct OF T,
and out putting the hard informatiQgsvector {014 'ﬁiﬂﬁﬂto

the sel ected codeword y: ' the decoder char aGEELAGHY by:

means (304) for determining a reliability vector s 10 for_tneout put
hard i nfor mat iveswkt@f the tsrcerdaprintgation. fropctde Fegaddr fifhadrd or
each synbol |ogptionmekihbeabpsd. i nformation vector x as a function
of each of the plurality of codewords y and the received vector r.
15 21. The decoder of <claim 20 wherein the hard
information vector xsconphésefethdd ubgl iddaiod naf Whetée DN the stébt of and

wherein tthe means for_determ ni ng conprises: means (306) for
cal cul at itsng \fg?ﬁ%’éml?h%? E‘é’?'gheg co‘qgfbﬁ%?tf:gﬁaﬁtfgst RE*orobability of
recei ving the receiimdi@iing vidtatorarzeroehstmerer Ankalysidntble em=ulof t he
plurality S; ¥; e (310) for conparing,
for each of th%fp u?gf?%\%ﬁ ig %?Q?%?Er%??oﬁegﬁ's.aﬁﬁ t he i nformation
vector X, the indifating cbhak oBabei HiSed'}We htikabecift heemesui tones

25 codewor dsf Ve e Vaiet Pa€ién i Iis a1 858 ephanf gerdti on bit position
to the agl cul ated probabilities with respect to the sane certain ones

of codewdrds y having a one in that certain information bit position
to identify whetheri1é he The mebhod asf dnnefliadm autwhéreinnplishliaye of

i nformati on bite 80,6raf05! bRl Se RLEahkEE! YoReRBEAR! @ 2T O

17. The method as in claim 1 wherein plurality of
15 codewords y comprise Reed-Solomon codewords.

18. The method as in claim 1 further comprising the
steps of:
processing the generated reliability vector s to
20 identify the presence of errors;
comparing a number of the identified errors to a
predetermined threshold; and
signaling for a rejection of the received data
transmission if the number of identified errors exceeds
25 the predetermined threshold.

19. The method of claim 18 further including the
step of requesting re-transmission of the data if the
number o©of identified errors exceeds the predetermined

30 threshold.

20. A decoder, comprising:
means for comparing a received vector r with each one
of a plurality of codewords y, each codeword having an
35 associated hard information wvector x, selecting the
codeword y closest to the received vector r, and
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22. The decoder of claim 21 wherein the neans for conpari ng
conpri ses: -2 first

T - 21
neans (314) Y&989ti ng the cal culabﬂéiﬁ StETeAS BEEN ji't py r es p QTIPTS50

certain ones of the codewords y haying REPLACERy zerd in the gi ven

cal oul at ed val uel 5 v th respect to ohe sams certal ol NN IIHRAITIN

certain codewords y having a one in the given inforfatfon: bit 3
posi tion; outputtim@aiise (i) ifrformalting veetbat k0 cirddpdrtid st Of

the first andgﬁgcgggeg g‘g‘g@gdgbggﬁéﬁ?ggny means (320) for taking a

| ogarit hm of € genera 3 23. The decoder of
claim 22 further iwmeansi figr determining peared i@B34)i tiyoveiatatirc & ifigr tdied a

zero is more qikghy Bard ihEolhgri8aulbcebyt 2K REet BR11Q9ANMI
gener at %d ratio iis greater than zero; and nmedans for
nga

i ndi cat i’ng t h&t ACbREMLBeRpr EOF k@RGh sYmbol tlpeationt of ttdhe

| ogarithm of ihfogmaciehedvector MAtias i & | eGficthan 26f0.e26h of the 24
The decoder of, cl a#n%ZO ergi n tEe maaga fglr . d%t erm ni ng conpri ses:
first means (B2352+dFYnPhi FPIrRGTEReYdPBalRE BECRINRD VECtQMd 1 ecei ved
vector r and certain ones of the codewords 25 y having a zero in the
given information bit Lti QR c s... (324) .for
mnimzing the d?%t'.aﬁggé 8&0%%{%%% t%lealﬁgc%eﬁ%{cktlor} ?c%:‘jl%drtaé‘?‘%ai n
ones of!& he informafgprdrertor mawomprasesecai nlukaldtyerfi ihdoratitdomi t

position; andbBPs, and wh&Pana tBe6mehfAb $WR! HACEHRINLRE 'Ryl s L he
first mnimzation_fromthe result of_ the second M nimzati on.
means for calculating values that are proportional

to the probability of receiving the received vector r
given the transmission of each of the plurality of
15 codewords y; and
means for comparing, for each of the plurality of
information bits in the information vector x, the
calculated probabilities with respect to certain ones
codewords y having a zero in a given information bit
20 position to the calculated probabilities with respect to
the same certain ones of codewords y having a one in that
certain information bit position to identify whether the
hard information output x in that same information bit
position is more likely a one or a zero.
25
22. The decoder of claim 21 wherein the means for
comparing comprises:
first means for summing the calculated values with
respect to the certain ones of the codewords y having a
30 zero in the given information bit position;
second means for summing the calculated values with
respect to the same certain ones of the certain codewords
Yy having a one in the given informatidn bit position;
means for taking the ratio of the results of the
35 first and second summing steps; and

means for taking a logarithm of the generated ratio.
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greater than zero; * "

AVENDED SHEET THiS ZBIEET HAS BEEN |
means (336) for indicating that a one is xgre |ikely REPIACHDe resglt of
the subtraction is |l ess than zero. 26. im 20
wherein the neans for 5 determnin nri ses i.rst neans
(328) for maxim zi Pt he'%%rﬁ%?‘é@?ﬁn"g cgalﬁ’e%&ﬁ“’i%? el:%‘ﬂr‘é‘alvgct or r

and certain ones ofmddies for iaddeweity tHivi 49zarzeie imbrdel PhaPp if
I nformati on bi

mexi ni zi ng thettkteorrreeﬁue}t ia?cnl;ngtl)g‘hﬁeé‘ﬁgﬁﬁé"%ﬁ %v?é‘%/éﬁrg? 30%%%&’?:%?'?& n

ones of the is greznbmwmuanyzeaobngné one in the given information bit

posi tiong and -means nt’?ia(r)iﬁqu% 3341 rf goﬂ:h%tﬁbtar %gé' EQ hB%er 311 Og.ftgﬁe

second 1 maxi m zati o ere maxi m za
27. The decodatessiltc|afi ialeingreher lpgarighmgof the genera}msr%%mlmr

i ndicating thateds e i sepre likely if the result of subtraction is
greater than zero; and 20 means (336) for indicating that a one is
nore |ikely If the result of the subtraction is |ess than zero.

28. The decoder as 24, clBhén d8codeteciof @lgiahi2y wherein thedevexrils for
conpri s qol-ladargartdercn(l)ﬁ%/\r&l)gr déomgglses
first means for minimizing the distance between the
received vector r and certain cnes of the codewords y
having a zero in the given information bit position;
second means for minimizing the distance between the
15 received vector r and certain ones of the codewords y
having a one in the given information bit position; and
means for subtracting the result of the first

minimization from the result of the second minimization.

20 " 25. The decoder of claim 24 further including:
means for indicating that a zero is more likely if
the result of subtraction is greater than zero; and
means for indicating that a one is more likely if the
result of the subtraction is less than zero.
25
26. The decoder of claim 20 wherein the means for
determining comprises:
_ ~ first means for maximizing the correlation between
the received vector r and certain ones of the codewords
30 y having a zero in the given information bit position;
second means for maximizing the correlation between
the received vector r and certain ones of the codewords
y having a one in the given information bit position; and
means for subtracting the result of the second
35 maximization from the result of the first maximization.

27. The decoder of claim 26 further including:
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29. The decoder as in claim?20 mherelnﬂrlurallt of codewords y

P crer” cummmnerg: MR MR ose) 75 rococcrme” Aopmwienany

reliability vector”s to i |dent|fy the presence of errors;

means (262) for conparing a nunber of thﬁgldentlfled errors to a
predeterm ned threshol d; and eans for signaling (266) for a
rejection of the 35 received data transm ssion if the nunber of

i dentified emEans eneeadﬁiﬂrc]iae:mfgeftﬁgaeﬂ: nangdrbhiesh@x@® likely if29-

31. The decod of cl i .ncl.udi an or_requesting

re- transn155|€% ot ?Hg£d8 a® ﬁgEﬁﬁﬁbéf Qﬁéégiﬁéﬁqqixfiﬁ?br§ Qxceeds t he

predet er m ned t hr eséahg. for lndlcatlng that a one is more likely if the
result of the subtraction is lesgs than zero.

28. The decoder as in claim 20 wherein plurality of
codewords y comprise Hadamard codewords.

29. The decoder as in claim 20 wherein plurality of
10 codewords y comprise Reed-Solomon codewords.

30. The decoder as in claim 20 further comprising:
means for processing the generated reliability vector
8 to identify the presence of errors;
15 means for comparing a number of the identified errors
to a predetermined threshold; and
means for signaling for a rejection of the received
data transmission if the number of identified errors
exceeds the predetermined threshold.
20
31. The decoder of claim 30 further including means
for requesting re-transmission of the data if the number
of identified errors exceeds the predetermined threshold.
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