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COVBI NATI ON | NDI CATOR (TFCl) DECODER Field of the Invention 5 The present
invention relates to decoding an encoded TFCI codeword andmmmmmmm
particularly to decoding an encoded TFCI codeword to deter ”m”m
correspondi ng TFCl source data from a priedet erm ned nunber of fassi bl e
encoded TFCl codewords using nmaxi num i kelihood 1o detection criteria.

Background of th i i j ion
partnership proj &#%@?Q@QRP%%@§W%&M§E@W% on System
Terrestrial Radi o AccesoMBINAAIOIeTNMREAT R ¢ebendpEAGDEN COVA) st andar d.
Under UTRA's radio interface protocol there are three (3) layers, the Radio
Resource Layer, the Link Layer and the Physical Layer. Information for

di fferent services such as voi Cén ]gultt msfii a _(as in video and audi o) and 20
nmessages are routed to the Physic¢h ‘I)_agber WM Link Layer in one or nore
transpogt channels. The Radi o Resource Layer indicates to the Physical
Layer the coding and formatting schenes to be enpl oyed as source data is
prepared for tﬂguaipr&setrdr fingentiohi getadisngoandchbdingt anngnicodsddiFGh i s
ternmed the Transport EFormat Code I ndicator (TFCl). 25 In hysi cal
Layer . eackoiegurpd RaRn erneulie 8 sicsne =5t oA doed i TR eiRisbsi « o
Transport QBaﬂéﬁr%i(rfECEbQ’@spoTﬂﬁh%g’l‘F@L sb LR EHrdndr £ pﬁ@ﬂ@téﬁﬂirﬁ!& o the
Dedi cat ed Physical Data Channel (DPDCH) and subjected to a CDVA nodul ation
schene and nunzwer aftpessiblet ¢drecadad THCE rdoalesvordisonsing triaxtimerDADGHhadkere i s
a 30 singl eegedi.cate Physi cal Control Channel (DPCCH) that contains the
TFC sdfr cAFETHOREHGEF in a TFCQl codeword, along with ot her inportant
control paraneters relevant for managing the radio link. At a 2 receiver
side, the DPDCH and DPCCH can be easily separated and the TFClI codeword

i sol ated. The codi ng of the Badkgrousdofittemthtdrdidror mat of the TFCl source
data are pre-known by the receiver, and the TFCI codeword is decoded, such
that the receiver can deternmne the 5 formatting enpl oyed on the DPDCH and
recover the Transpoy | &4 : | Cl
source data. Si E?e%cﬁga%%%cgé{et\{/\oq{ncft ggﬁ%ﬁ&}éﬁgﬁgﬁéﬁgrgg%%ggggfa
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Resource Layer, the Link Layer and the Physical Layer. Information for

different services such as voice, multimedia (as in video and audio) and

20 messages are routed to the Physical Layer via the Link Layer in one or
more transport channels. The Radio Resource Layer indicates to the
Physical Layer the coding and formatting schemes to be employed as
source data is prepared for the air interface. This coding and formatting
information is termed the Transport Format Code Indicator (TFCI).

25 In the Physical Layer, each transport channel is coded onto one
or more Combined Composite Transport Channels (CCTrCH).
Thereafter, the CCTrCH’s are combined onto the Dedicated Physical
Data Channel (DPDCH) and subjected to a CDMA modulation scheme
and transmitted to the air interface. Along with the DPDCH, there is a

30 single Dedicated Physical Control Channel (DPCCH) that contains the
TFCI source data encoded in a TFCI codeword, along with other

important control parameters relevant for managing the radio link. At a
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TFCl source data bits is variable, and can be 10 bits or two lots of 5 bits
15 of source data in split nobde operation. The TFCl source data is
generated in the radio resource control (RRC) |ayer of the sender, chosen
froma conpiled list in the Link Layer and encoded to 32 bits by a channel
coder in the Physical Layer to yield thg TFCl codeword. Wth reference of
FIG 1, each radio frane is conposed of 15 tinme 20 slots, each 0.667ns in
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transmissi of, sedrepatatd ef BplidGddd aptaadiort. hehkSITREL sofuricke daegdeiord is
noved to the 31St bit and the 17th bit is noved to the 32nd to bit. In
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TABLE 2 Basi @héﬁﬁﬁbﬁﬁ@eﬁcﬁf tlﬁel@ sicHITayedds vield the TFCI codeword.
1C16, 8C16, 4C16, 2C16, 11' S010001101001211001300101410101501101611101700011810

011901011101101 Withorefeneras1afl TES1 11 eagh radia feooe isicompaeedrptil Scigsnor d
af ter EHCOdllggsl ach 0.667ms in duration. The 32-bit TFCI codeword is

distributed into each timeslot. The TFCI encoding process uses a Reed-

Muller channel-coding scheme, which is adopted by the 3GPP UTRA W-

CDMA standard. Explicitly, in normal mode, the 10 TFCI source data

bits are encoded using (32,10) sub-code of the second order Reed-

25 Muller code, before transmission. In split mode operation, two lots of 5

TFCI source data bits are separately encoded using a (16,5) first-order
Reed-Muller code.

With reference to FIG. 2, a TFCI codeword (m,n) is generated by a

linear combination of n sequences with each of m bits length. The

30 codewords of a (32,10) sub-code of a second order Reed-Muller code are

a linear combination of 10 basis sequences of 32 bits each. The 10



AC*C 16, 8A 1*C 16, 4A2*C 16, 2A3*C 16, 1AM4 5 The resulting two 16-bit
codewords are concatenated to a 32-bit codeword. At the receiver site, a
maxi mum | i kel i hood decoder is enployed. Typically, the 32-bit TFCl codeword
is decoded in two steps: nmasking the codeword by all possi bl e conbi nations
of the highest four 5 bits; then perfor %ng | nverse Fast Hadamard Transform
algorithm (I FHT] to decode first order ed-Mul ler code. Wth reference to
FIG 3, a functional block diagramof a prior art TFClI decoder 100

conpri ses aSeERtfRaeseean (5 repiesinyed fasy tes2tihe CanskCoap,of 32 heCoec allvbs, 32

synbol s of the TF e [ and 1 .Qvi des order Reed-Mil |l er
coded word IYI(B s&bseﬁﬁ\gﬁt%ﬁ%}%g q—lﬁa‘gﬁér ﬂéb&‘lﬁﬁ\ir 115. The

converter 105 CO”DYISEISABLEﬁEBe{EEéT@EMuéH@eTfJS@ 323ugyr1d@§cadéerles of 16X32
bit masks from all _conbinations of as shown 1n TABLE h of which

are applied to the r@ozeia/ Gamd@dz,ﬂ'@laz,acdbmrd '910Mi hMe pMec eMe m ned
order by a 15 Hpher—1t2 5 reof-ger—radut-e—-139-—+regpvers—he—$equence
order to a 1 st odrdedr) Reed6NUI er e1goded‘0TFCI 1cojgworg. ﬁ:e ionverse f ast
Hadamard transforiherl115 r@cei ves thé 1sf0 orddr Reed;®ul|l@r (&ncoded TFCl
codeword, and c UL s the fastaHadagerdtyrangformoft s efGes| gener at ed
fromthe convertrar) 1%'3 2 1Th1 OpI’O‘gSS i'ltoeratels % t ?res%%lo tQOI’O‘eSS all
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sel ects the coorfdfnpgpe of [@ SepyenceoWii ¢l mag (Tt e 0T Egt &5 gmi t ude and
det erm nes t he ditc AO tol AA of thelrecolterediTEClI solurcea datia._The bits A5
to A9 of the recoveféd TF? solfce ¢ita aPe ddtler fPned®by € he L ngex 25 of
t he mask sequencles ahd sighibit|of the stoped magnipudpo Winh [fef erence of
FIG 4, as wll ppprecptedi-by—ehe—skittledH-n—the—prtthetnyerse fast
Hadamar d transforfrre ![’115 E therrmsi tjcormlol catléd part| bf |the [Conyenti onal
TFCl decoder 100.8 I noaccor@anceovm't 1t he foast Hadaoar gdiorf 1 heg o nyerse fast
Hadamar d transf grgmpp—atgog+thpy—theHad |0u|u et ilx $—tecoimpes bd i nto

| og2M matrices, |such _that|the dot productl (or [cortelation) ofl 1nput vector
and any col um of l1®e€onposkd npPriced ar¢Oa twd- opérapd additlilonfand 6
subtraction operfipy, OffEM TEHETTEG 1O iéutttll'i‘oup patjoy s, (were each
butterfly operatior_ftonprises al binaty adder an bi nary Isubtiractor. Wth
reference to FI G 15| 0a 16/ Qoint iradi*-2 i|Qverdé fa@t Hadamar d & r ansform

i ncl udes four butizrily op@rat PN st ages,|oas 9 1shown, [ and gagh st age
corresponds to deponpos Hx—-ngeneral—for ap Mipoint i hverse fast
Hadanmar d transfor]nd‘. ghe npuhber bf additi o subtradtiph oerrctli ons per
stage is M and nrper of stages i s|lioga(M) . Ther¢fiorpr tlhere moul d be a

total of M ogaM Efiditionpat—spptracti-onrgpergtirong—psthestyerse fast
Hadamard transforper 115.] 1o Al though the‘iconvelntl gna OTFéf ce\bcoji ng

algorithmis rellat? vély fag&t i nOterp® of |drocedsi ng pyocegdured a
di sadvant age i s [ petratj yety[gonplgx tgmdwarng T gl egmtigg i g that is
required to reallizelthe inversp fast Hadamard it rapnsformer| 115 e reason
for this is the nEepdlfor phny pttterPly operat/drs|ér pPitlhheti%c ynits that
operate in paral[f[®[oIb ang als59 Tt hegneedgfor [g I apoel snuif IifAg het work for
dat a i nt er change-between putterfly o tors.—Anotheri di-sadvantage is the
need for a finitle*’state npehine!for Eontrdl lind ah8 syhchrOnilZi ng the data
fl ow, where the [f2n] be st Ie maechi neoi s faalidad by yed dnot har ¢onpl ex

| ogi ¢ bl ock in the-raversefasi Hadpgard tlrarnffur e r—15- @r"eﬂjently, t he
20 conventional |décbder 10b thht utilizes 't he mvepse ras Hadamar d
transforner 115 [i%t bt h rre@mry and bilnary 1l ogi|ld gabe | ht gn&i v®. Bri ef
Summary of the |myETom B ThEgpresgnt imvention seeks Hoy P vitle a net hod
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30 decoder conpri sing: 7 a first input for receiving one of a plurality
of encoded codewords, wherein the one of the plurality of encoded codewords
corresponds with one of a plurality of source data words in accordance with
a predetermned coding schene; 5 a second input for receiving a plurality
of candidate codewords, wherein the plugality of candidate codewords is
generated by encoding the plurality of source data words in accordance with

the predetermn odji ng s¢here; a conparator coupled to the first d
second inputs, ?ﬂéﬁioﬂﬁgﬁtﬁ%ﬁﬁomﬁe [%%ﬁafa}tﬁgaf%eeﬁ%sweghéypﬁ@p Alty of
encoded codeor dggWi h1dic1! QAR I ES O eh@@dﬂﬁ#ﬁ@'ity of candi date
codewor ds, “anidt'he’ conparator for producing adatch signal when the one of
the plurality ofAceGenGaA ¢ Qdey®ASFCHaTAbSEAHBA AUy, 1 DAZEARFMI®ANEE8f t he

plurality of candidate codewords, wherein the one of the plurality of
candi date 15 codewords is produced A MaRALGNE of the plurality of source

d ds; and havi . | '
atch sPgnal -1 AV ARSE RErand care il Belitanity et Al hebS: ALK der
conpri si ngiopéPafiohi, IGhL, deRdted @he i Vodensf RARrof2 difbefRlddnalofasapRIed

codewords, wherein the one of the'plurality of encoded codewords
cor r espondSpicaldingeCofle a(QVEFHI angd i deonotass dhcathomisk segpemraganiete with

a predeterm ned, codi ng.schene; a seco i far receivin t..le some
ot "= bl ur AR e eSS aar Sefodendey MAEP e AncREtatbpeLEi Glotng 1 he
plurality QbdeanrfHiR!/dvRaeMPiss Ji1st BRNehAled Pymeneqdingvad thegst 3same of

the plurality of source data words in accordance wth the predeterm ned
codi ng16chdmt; a conparator coupled to the first and second inputs, the 30

conparator for conparing the one of the plurality of oded codewords with
Che at I east _sond BRlit HBogtPRRToB; DshaPUaRETESAhaIBe) GRE & HEtear
conpar at or [ o L i d X t ;prpgessor
Coupl ed o R T, I B G fay & oipd aogoal T
processor fwhemr Gdsicdemotesettonghotodd ef phyernll bt gf ON SO witie hdist showndisy and
an out put %ggﬁd to provide the one of the plurality of source 5 data
words. In g@% ot-her aspect the present invention provides a nethod for
decodi ng conprising the steps of: a) receiving one of a plurality of

encoded codewords, wherein the one of the plurality of encoded codewords
corresponds wi th one GFABLEO? Basialsetiuente somi( e SUdFCIverdés i n accor dance

with a predeterm ned codirg—schere—b)—generati-ng—a—plural ity of candi date
codewor ds, wherein the plurlal i {Gieaf| Ciedi G| Caslbholds i s generat ed by
encodi ng each of the plufal9ty of douPce dta|wd ds ih dccordance with the
predeterm ned 15 codi ng scheng; @) cohpdriﬁg [ hé® ome Df {the plurality of
encoded codewords with eaChp off the [plurali py pf ocandi gatle codewords to
determ ne a neasure of simigarty tihegebetyeem—g)Tdeter|m ning one of the
plurality of candi date cpdewo#ds-hgsthe 2g-gteatestpedsure of simlarity;
e) identifying the corre*pé?dinq;o e ?f th% p uE?Iityiof source data

6 1 1 1 0 1

7 0 0 0 1 1

8 1 0 0 1 1

9 0 1 0 1 1

10 1 1 0 1 1

11 0 0 1 1 1

12 1 0 1 1 1

13 0 1 1 1 1

14 1 1 1 1 1

15 0 0 0 0 1

The TFCI codeword after encoding is:
Ao*C16,8PA1*C16,4PA2*C16,2PA3*C16,1PA4



wor ds that produced the one of the plurality of candi date codewords in
accordance with the predeterm ned codi ng schene; and providing the one of
the plurality of source data words. 25 In still another aspect the present
i nvention provides a nethod for decodi ng where a bi-orthogonal coding
schenme is enpl oyed, the nethod conprisigg the steps of: a) receiving one of
a.plurality of encoded codewords, wherein the one of the plurality of

encoded cogewords correspon with gne of a 30 plurality of sour at a

wor ds i n irrs asme@tlwgth 9 pdﬁéél%tt &P Wéﬁd@o&irﬁgc%ﬁ%%?gte% tg) agé&égéﬁi ng a
plural ity bacarstadahe aadewketier IR, ChNoldifibhH Akt ihebdacardbat &is
codewords is generated by encoding at | east sone of a plurality of data

wor ds i n aeouplogade Twpidaliyheher 82dbie TRCledodewiord) is deeovdedanciwe astpps:i ng
the one of the plurality of coded cod rds with the at |least so of the
plurality SFARERG thi g0 6HORR IS all o aRy blare AR binaRer o Bre Highesh Yr

t her ebet weep, .. i fmTRBS Lt hak ) i.ncl i~ nal
state i%di ?g’g[sd‘r"%}?éfs lgeerifgr m ngng{%ﬁggoﬁhgkeﬁé?&h%ﬁ Tg%?n%fglf‘&t ﬁgéépljl?ur ality
of candi da{iFHD| wodevamidfirdtasrddreRegdMeHer odsure of sinmilarity; e)

identifying the_corresponding one of the plurality of data words that
produced the ondVith feferemcs w 11§ 3 adunationad Rleakirgsamnoha qaidante wit h

pr oduced the . G- 8 adains _ o |
Statb i ndh ouer eppagt "op8r CobriRes B Monldrer A0 “ifh pRFtal i AP or e

state, themaskiegpofidihrgretdvefl BDesyhivods idfytlod THRCH codetisorids 1000unded as
the one of the plurality of source data words; and when_ the bi-orthogonal
state i#fdi PaP¥IdaTad Hrefeetinr SeadeMulleioepdedtwerd dpf sebseanent igvekiged t o

the correspo mgia(}ﬂ%c?{tﬁéeﬁgﬁo%&% ?;l/gl ;l'th% &gng&‘gg‘{ \éwv%?agr?ﬂg#%? FAD S

provi ded as e one o ura of “source

Descri pti ofnemdriye 1D0aWhags p2ovidie seabedridenbf of 6K yiesentskisn sl anl wi | |
now be nore fully described, by way of exanple, with reference to the
drawi ngs ofowpigiationse! Mishbwes showrsin TABKE 1 saelnetwhich efe anmded of a

W CDVA CO”%th%icgfbeﬁyééféH ’I‘%‘Eli éoci%rwm ilTOtiIﬂea rrieaéteqfrﬁf'ned order by a
15 multiplier 125. A reorder module 130 recovers the sequence order to a
1st- order Reed-Muller encoded TFCI codeword.

The inverse fast Hadamard transformer 115 receives the 1st.
order Reed-Muller encoded TFCI codeword, and computes the fast
Hadamard transform of sequences generated from the converter 105.

20 This process iterates 16 times to process all the 16 combinations of
masked sequences. The compare and store unit 135 selects the
coordinate of a sequence which has the greatest magnitude and
determines the bits AO to A4 of the recovered TFCI source data. The bits
AS to A9 of the recovered TFCI source data are determined by the index

25 of the mask sequence and sign bit of the stored magnitude.

With reference of FIG. 4, as will be appreciated by one skilled in
the art, the inverse fast Hadamard transformer 115 is the most
complicated part of the conventional TFCI decoder 100. In accordance
with the fast Hadamard or the inverse fast Hadamard transform

30 algorithm, the Hadamard matrix is decomposed into logaM matrices,
such that the dot product (or correlation) of input vector and any

column of decomposed matrices are a two-operand addition and



30 FIG 2 shows a prior art TFCl source data encoder; FIG 3 shows a
functional block diagramof a prior art TFCl decoder; 3; 10 FIG 4 shows
hardware architecture of the prior art decoder in FIG FIG 5 shows a
graphi cal representation of a 16-point radi x-2 inverse fast Hadamard
transform enpl oyed by the prior art decg)der in5 FIG3; FIG 6 shows a
functional block diagramof a TFClI decoder in accordance with the present

invention; 6; FIG, 7 shows, a re detailed diagr of the TFCl, decoder in
FIG to FI GUDArachioR %%ﬁ&ﬂ&hﬁ%ﬁrhé?‘t&ﬁ?cﬁéo ?twet%%%& PFEOEE: METERAaC
decoder in ) : rv.el.af | 0r he TFC
Gocoder i n tH(Erif; oferdtbEeothiitoaitary SR ld ATbiBla0P Stk otk
correlation 15 MWith aedaremeai tunFi®r re)l at | be-painti cadix-@ ilivesBewfast

ck di agram a sinpljfied TFCl decoder in accordance with

Iﬁgcgirggglr\tﬁ%‘&%’é}ﬂﬁdo ??B_ﬁgrﬁldncﬂﬁd@ﬁo@u_& PR&wetlr OReSRSION jagRe, as
operatign howle, ShaRalch Sl asate ) B dddampdsed nbkiR! In REAGLIP! | ON

of the awi ngs ecoder, 1 n accordance w e present ntion
conpri ses dorcapaMapoint winvelrse sfaxtupl adhimardeceaweforh(] thedewonberadf 25 a
first input. At, a second [nput, the conparator is coupled to g TFCl
codewor d g&ﬁ’éﬁ'&?ﬁ/ Stl%&lfacém GPREMAPRS RET SRS IHM R0A AT WBLST PEStagetEor ds

f 11 i - | TEGL o !
recel ved GOBINE PREFAREC etk WS 3F GRCor Mgk SHAUCHRIS ' ©

recei ved TkUubteackom operhtibnedahthef inveess tastadd datadireh séareesol ds.
provided to the second input. Wien a match based upon the m ni nrum Eucl i dean

di stanae, or si dtlyotgk thexconventional &iIFChderedding abgdnidan isheelaeivelyed
and candi date codeword Is 11 .determ ned, the, candi date TFC code,vvoid t hat
produced t H8ShadteRRScAl RYAFFRYINEHRIGCsERIGed FHadvasHage g the reletvely ed.

Subsequent | bt GOKLESRONLMINIECLIGOURER |82tk bAl el fSerce

identified can ate eword 1's provi an out put

5 In a tardest dpdagmirdotrapfsfoiiér FOLIL. Ohes eeasen aforathiisuis the kx4l for
candi date TFClI codewor.ds, which corresponds to the TFCl sourcge da%?ﬁ Qavi ng
10 bits. |MARY PUKSANY sQPCTEtoEROr ’Efametic unity thalarstate dAReRaHEE cl ock

cycle, {&t vl 1 c4.QC : i i T
codeworlg t hat %rl%gﬁglgdgtg ég llt?gs% 1%%%%%@@}1‘1%%&%?% ta%ggclﬁlg%ﬁchca{;%ee

woul d typi dadtiweere buasedipperatwrsc AmottadredddaBudifttaledzis Thasnedddot iare
taken to conpare all the candidate TFClI codewords_is 1024 x 1/3.84 M1z =
0.267 ms, WHHEH §tate anachimg topcontreding aggh synehrenizngethaidata ¥nds in

afrane. T I @Mi . ; r 15
sour ce dat gﬁ%«?{e‘gfﬁ? ff 1qﬁﬁeer%e weﬁgécﬁgg%r%%%%g?aﬂg?’? E%‘?}ﬁgﬁ} ?ﬁé’r?%l%\%glt?%gp be
block in the inverse fast Hadamard transformer 115. Consequently, the
20 conventional decoder 100 that utilizes the inverse fast Hadamard

transformer 115 is both memory and binary logic gate intensive.

Brief Summary of the Invention

25 The present invention seeks to provide a method and apparatus
for a transport format combination indicator (TFCI) decoder, which
overcomes or at least reduces the abovementioned problems of the prior
art.

Accordingly, in one aspect, the present invention provides a

30 decoder comprising:



2048 candi date TFClI codewords to consider, and in general for N source data
bits there would be 2 raised to the power of N (or 2N) candi date TFCl
codewords to consider. For N > 12, there woul d be 4096 candi date TFCl
codewords, and using the 3.84 MHz clock rate, a time of 1.067 nms 20 is
necessary to cycle through all these candi date TFCI codewords. Thus, as N
increases, the tinme taken to consider all candi date TFCl codewords

i ncreases exponenti al.ly, d this,invention becomes |ess efficient in terns
of decoding tiné. TP 1OF SECEITIOE PR qfh@ep?‘m ﬂéfeﬁ{@mﬁwggogﬁweﬁ%r
bound of 1 ' , J r dat a
e grtn HeERTEngakt St GO a?%&?&d%rg%oégr:dlg%‘g‘?wg’ﬁd%E%ﬁ%g’ﬁ?g%w&?‘ t he
present i noestiadna qdupelitgs od soupee atlata 6@ rdaviing azcbirdahcenmuith6:0 f or

receiving the TFCl codewoys.d 112, and a second input 645 for receiving the
candi dat e PERHCTESHEREALOHNE SO @re output froma 30 TFCl candidate

codeword gener at,0o ng.ﬁq : : 0 I

coupl edgto a dathaé? atc lgggt “fggg%%; %}e‘mé%%?rlg?%%@gfigHgﬂ%id%:éos{)gg&s/ogéf’atch
si gnal 620 wheein taeoplipalitp3F damdiliatelabdevairdl i64nearhesd tdyeenoogidigat or
605 has found 611 mat ched codewgrd. The TFClI candi date codwword generator 625
conpri ses &AcRlpraligoehsiresdatawordspeacspedapee suth thagmdpiermmest er
63S 5 sequepghi ¥héﬁﬁps through all the 2 raised to the power of N (2~)
possibilities, ere N’ corresponds to the TFCl source data bits. The Nbit
counter has an eowdmpasetdr npupledt t665heofirsecensi sgcpneddehputs nethel FCl
source data 670. thothis facility, the NNBit counter 635 is not limted

to courf sEQURRALTAPT Jomrempaiang ¢hecnepef e Phiwratity of sncededrntedfoerdsy be

set to wha r , r . ] SO ata
570, that nayrpat Ry sBHf SPIEE, BIRLALS, P caGhaRR At WA |
count er 63gopipatades fot predutiip & lavdh slprdprReRthe @a¢ bf phe Platkglity of
conmbi nation of TFCl source data bits, to the TFCl encoder 642. The TFC
encoder 642NERESHesodewWOTHE ) issyubstantiali samilardte o of Shenplwisd By el
sour ce dat . o : L pu c L dait c
codwwor ds 3&%’2“%‘%2“' ﬁ%g%{% (%{)%ﬁt‘g’?l%é% ittgga{)@g %fo%?e@ﬁréﬁgyo@gé%gagg
contentis t @odeerotdsds|miocincedOby \therordef tisd phurdlngadf €Ardesdarcaiords; the
data latch 640 | atches the contents of the NNBit counter 635, and_the

| at ched datd®dheorpmpronder thating gacousautRuRlsdr te REavadesiie mtchuTra
FDD, N woul g 1?:%1 equal to 5 in split node and 10 for normal node operation.
I n additi on, € N-Bit counter 635 can al so be configured by a candi date
TFCl codeword | iiat afideheshaubect WhieCpresedf dvivedidly prowidpsral ayesdert n
addition, both the conmparator 605 and 25 the TFCI candi date codeword
gener at or E25PEBHIZ eset and cl ock i nputs (not shown) to control their

operati,gn. The de e O.i s _desi.gned. t i cl ock
cycl e, 2§nd 2r a?isglg&t %Rﬁgtefoﬁor\%?lvd]fqgﬁncq §%§e@§‘§§@§p§§8ﬁ§g§§& E?@gé”g’g??’ for
each decodeviggeiiatthelondof ehe tfludgigdonencédel cedeivosdgralrréspaaid weth t 0
initialize the decoder 600. 30 Wth reference to FIG 7 the conparator 605

conpri ses @rofelat pluradgyard sowecei daganmpearstsoriny sscopianssy reitht ¢ 705
conprises a rial-to-parallel ,data converter 730 that receives the TFC

13 codewor d’r%?st?q‘ﬁnlgleég?‘iﬁngf%wgand converts this to a 32 synbol

paral l el format o 3dcoftd qa?_mtopéxp%cefvih easeehat -dompeabdl 4 eplioaititgr ber 730
there is an associated nultiplier 735, thus there are 32 multipliers in

t ot al . 26ne danplidase eedewerds,hwharein pheeps leastispmeond the plrradityt of 5
aral l el conver.ter 730, and,the other input of each | t1pld 735
Ps fromthé Faégn%ﬁ%ea‘Y%r%%d%v%Wrééﬁ%P%Y oerm‘b%@.%gT%L 1%’8% .%’Fﬁ&‘%:g i4| %E\ér ul e
of each mulgluphiiey of BoiiceadatDwomts ih faddeedanseciitheehdipredeestrhieed FC

candi date codeword generator 625 is one (1), the nultiplication is by one (
1), if theosdngsichesaesbit fromthe TFC 1o candi date codeword generator
625 is zero (0) the multiplicatiopn is by.mnus.,one (-1). su tio dul e
740 coupled to taf‘lec%laltp&f?%f ??‘I‘ép% ) ttihﬁl ir}gr% %‘51 t#&ﬁ@%ﬁg’oﬁ?%ﬁts
provi ded bycdifadztofubl i Sising3he Gkl optigy gﬂﬁﬁal?tyf@tséﬂlé&iéd eedewbads on
metric 742. The correlation netric 742 is indicatjive of the correlation

bet ween t hewithOhel Bt deafetwermie1afothe pliwealitipek candidete tpsleramrgdss arwt thso5 and
one of the candidate [JTFCl f’c?odewords 6%7 th%':%i s(gléfre tly provided by the
TFC candi dAFBPREYQRIPE PRSI R B88 PR GReFqas cgﬁgadr ator 745 conprises
a nmetric conparison circuit 750 and a maxi mum correl ation netric neasured
menory 755. One 20 input of the nmetric conparison circuit 750 is coupled to
receive the correlation netric 742, and a second input of the netric
conparison circuit 750 is coupled to the maxi numcorrelation netric
measured nenory 755. The netric conparison circuit 750 provides the latch

~NN N . o, . o ~ -



codewords 647. Each candi date TFCI codeword consists of 32 bits |abeled bit
O, bit 1, bit 2, through to bit 31, where each bit can have a val ue of zero
(0) or one (1). A candidate TFCI codeword is then correlated (step) 825
agai nst the received encoded TFClI codeword 110 15 by the correlator 705
according to the foll owm ng equati on: TR x bit O+ TFCl x bit 2 ... + TFC
x.bit 31 Correlation and produces the resultant correlation netric 742. The
sanme rule applies for the multiplier 735 as, nmentioned_ previously: %% he
associ ated bit f& HAStHRIOFEBPOL GAHPHRS £ d60LINE I cgRinaY Blorngothe degpded 1 )
the 20 mul tinpli i [ P i oGl i r C
candi dat e c%%g\i\océ;ﬁdd gglr?e %%)%Pﬁlgg%{ﬁj%r fé)ér%}%a? %eﬁ{rr%})ﬁ ?’p&l’ E%%l@%%§%§¥m nus
one (-1). HWoeurcerdataawbeds;mmhdi c 742 is then conpared (step) 830 with the
maxi mnum correl ation netric neasured 760, that is stored_ in _the pmaxi num
correl ati on netr3®@ Q%{Fr%@uﬁgﬁ%ﬂ} progide therenoniclie pluraliy abspPrEces2 is
| ess than the maxigum correlation metric nmeasured 760, a further

determ nation (step) 837 is nade whether all the candidate TFClI codewords
647 have been cdiy g¢tahadthdhaspetitiehpreamdtiidatatibhGhraadeser dethédd fhave
not been correlated, the N-bit counter 635 is increnented (step) 850 by one
(1), and t HESEREICOFAPHSIBENe SEEIT0Es from step 820 as described earlier.

Al ternatively, . t he .date T .he
correlatedfhthewgggé bgfgﬂa%ﬁ%qﬂ%ﬂ%@ﬁ%%f%%?%%%Fggggﬁﬁgi%éggégagﬁﬁéOg%urce
data 650. ofl3h¥hehuadlist & 83bodtdecedewekdti ovrmipointis/ 4Ziths oglecatesa than
t he maxi mum correlation netric neasured 760, the correlation nmetric 742 is

st or ed 10st ephuradity ofy saurae chify vopelsain crccaralanies Ml rupresieterminesh
metric neagakﬁggggggﬁ¥6755, and becones the new 5 maxi mum correl ation
metric neasure . T’ addi tion, when the correlation netric 742 is
greater thals) t hegemestdtiniycar pehRilitgn ofetahdidRes WRIbwWERs,! Rehémiini €he
conparison circuit 750 provides the |latch signal 620 to the data | atch 640,
whi ch | at chlirglity tofreandisiade \coglesvams isugererated iy gnsoding igack of the

The | at chi gl BRER SEbdvet FRGR Waftls Bl brERRE Tis e B Gp IG5

metric yeasggdadg®iymie;/55, and the |atching of the current contents of the
N-Bit counter 6§5 in the data |atch 640, occurs at the end of the clock
cycle. A defler m memhparing éhy @85 of shehphurpdidy efhenkeded godeweondp avitly

candi date TEC, c wor.ds 647 have been correl ate nd when there renains
candi dat o 15500 S0 BRI EaRR T FBANEEE ERGRAR RIS o RRRRUE RS s
i ncr enent edsingilSfly 89érebet@Ben{ 1), and the operation 800 continues from
step 820 as described earlier. In this way, all possible count val ues of

the N-Bit cdunt edewzmining ane pf sbe Pugalips ofvandidatspedewords hrs éhei ned
(step) §§5 t ha e%%l the 10 4.ca%%idate TFCl codewords 647 have been
correléied,gﬁq? PESIERTSHEUAHY 5i ns t he nost | i kel y decoded TFClI source

data 650, arg thiiciRyRENREIddtreépONdiiRE bhe dreasd 6 séfbc€ dakai ns
t he highest@galue. Tﬁz operation é%o tﬁgi ends.(stgﬁgrSG . 25 The current
i nvention cavotsts Heatapr tiye osedlaheaphiradidy off aserdidate redewords édi ng,
as well as hard decisio gﬁcodigg Far %xaqgle, usj%% 4 bits of soft
deci si on de@SEPRGANEH LR LR Pregetgnuned G BNE S edfided by 2 dB in
order to acfji eveptRdREBh® bhe Vit piRiralidf of B6uREE atieGordan. The
performance’ i nprovenent is a trade-of f agai nst hardware 30 conplexhgy. The
or

current25 nvent i oln still anivirer &ppecs the presempt vywention poovidesea matho

Vor cover 6 baE BBRERA B VekhaanRh ot Scata i arrare b fer of

synbol s af t ggmprighprtheGstepsgncturing i s conducted at the transm ssion
site, or the nunber of synbols after maxi mumrati o conbi nati on when
repetition as perdasiving ene phe pluaabty of enceded codewosdexwinsirein the gne

typi cal punc ed code,.format (3Q, ,10 only 30 bits of,TFECl ,codewor.d are
Y Bnen Lot HPGUROTRKOLG SRESERE FRRPVBISASPTESPARIAS, SHho PR o 0. bi ¢
codewor£h bypRuRAityr bPGdliteldsta Bbérdddnldttolidn & Witk 3ZpRideteemigBges.
Thereafter, the correlator has 30 multipliers working in parallel. To cater
to all transodisyy scherases, additional 1o hardware is needed to switch
on/off the multipliers. Wth reference to FIG 9, the cross correl ation
property of the TFCl codeword denonstrates that there is a positive peak
val ue and a negative peak value. The positive peak value, which is
typically 32 for hard decision, is the auto-correlation value. The negative
peak val ue, 15 which equals to -32 fox hard decision, is the cross
correlation between the TFCI codeword 110 and a candi date TFCI codeword
whose 6th bit (A5) is a conplinment of the 6~~ bit (A5) of the TFCl codeword
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30 the maxi num correl ation netric occurs when the counter value is 1 and

t he decoder output is 1 or (0000000001)b;", which is denonstrated on the
straight line 005, the mnimumcorrelation metric occurs when 17 the
counter value is 33 or (0000100001)bln, which is denonstrated on the curve
1010. Based on the above-nentioned propg&ty of the TFClI codeword, the
decodi ng procedure can be sinplified. 5 Referring to FIG 11, a sinplified
TFCl decoder. 1100 conpri ses conparator 1105, a TFCl candi date codeword
generat or P)I 10 2eRfda8IHA &‘H@é{%’op 19amdidgte coRgHICS: WhsSeHasthe fir st

obei ving CLAEaBEEE KuidelE o iBhchriled B RARINEL IeaRt o™ TOf
candi dat e addewphuajgepeohtdatal #bddsThe aapdaaicer widl)dHwpredetawhpisds 1135

and 1140 that  provide a sign bit 1145 and decoded data 1150 to the post
processor PPﬂ@g?ﬁBeﬁ'&Fét processor 1115 in turn is coupled to provide the

TFCl source,data i s .d ] f I | 45..an he
decodedSaath 11060 g e e el 6t HeTb Rk ATbiBas i Abdl ot
candi dat e cadisstdgasesfatiod plhidligomprdegriidube chidewmiasodededddminesecr i bed

earlier, and an N-Bit cqunter 1160. The N-Bit counter 1160 is substantially
similar toMARSWEOf sigilardy Burebgtweenpatharsin ithe. mpasyre Qlowmitanitl 1105
conpri ses t. l.at 1\/\@'!'8 . cribed earlier, and a magnitude
conpar at ort@?]ég(fé%‘ﬁgﬁc%{tPégg?%r gﬂﬁ‘ggca gg’cri bed earlier, has the first

input 1120 djor rdetermingg bae UfGhecat ®ayt okt oftthe pkaafidy iofpdndiddee f or
recei ving the candi date TFCl codewords 1130, and the correlator 705
provi dé§  t wedesrardsdias thengreatesh sncapurefesimitptitide conparator 1162

conpri ses magnj . ison.circuit 1175 sign_hi Ly 1l a
decoded: dach mondrt B BAE LR Reridtble. 486 N uthe PO e e
magni t ude cERapre@UceHr thi tordd /f EREPBRaalithe offBdith diddReObod 8% 0BQs CiH I ent
correlation nmetric 742, received fromthe correlator 705) with a maxi mum

magni t ude rAsgotdanca Wgth thaprefdsteymingd ¢odingesahwteum magni t ude nmeasur ed
menory 119 Whe he.nmagnj,t.u f t.he .current 8 cor.relation metric 742
i's greaterql han Gﬁ%@%&‘iﬁﬁﬁéﬁ?t"&& € é%{}ﬁggogilégye&ﬂ}g %tﬁir’t ude

conpar i1son gji r cuhed1¥ie MhiovtdRszohdlakedteSigiRlatdd Has Oa t fifstSs@ite)i thdrenory
1180 and to the decoded data menory 1185. The decoded data nenory 1185 is
itsel f couplossesrpslingcen oftthe plviradity of statahwondsis previsesr ag 1bo.ongon
receiving t I itgnal 1197 he si.gn_of, the current correlation netric
742 is storogiqeﬁsﬁgﬁb?BﬁsBﬁfC%ﬁ%%y’oﬁlgof’mgnd the current contents of the
N-Bi t countfpr 1kGRehstisé BicdrihdgotRldseadethdahormiy v $686ndastdtee a
decoded data 1150. 1o The post processor 1115 is coupled to the sign bit
menory ll8@ogkelation heffget gdduedir addatbrip thescerraspeosidiag: paesiognths t
1145 a&ca th geﬁgdeq. aa£a 115 thar from_The ost(jaeo(%oce§€\‘(?])r 1115 j,s_al so
coupl edt o XT8UtH R £8'PHrEUYe #h B E ARG B85, "W T 11 Pt
processor IdihpalBf 6f BbNifse 888t wior@ssi gn bit is O, it provides the 15
decoded data 1150 as the TFCl source data 650, and when the post processor
1115 determnes that the sign bit is 1, it adds 32 to the decoded data

1150, and provides the sumas the TFCl source data 650. Wth reference to

FIG 12 the operation 1200 Bfief Desdfiptiotieshidry DtaGingé arts from step 1205
with initialization (step) 1210 of the 20 nmaxi mum magni t ude neasured 1195

and thé5N-Bit counter 1160 to 0. The TFCl codeword 110 received at the
i nput 1120 is t t i serial-19Q-para erter
a0 x| PRl 8P ind TR AL e RAHR Wi BB BESdRE AAE' | ¢

generat ed (ddsepibell 3 whydtetdriipleQ it Irefdretyelte the daidingsoonRidHi p
period as described 25 earlier, and to generate each candi date TFC
codeword, the dOf-ehtshewsrdatse shpugiture cepmarunigdedsonn daRghhpl tthdVTFC

encoder 64 r . andi : . d 1 130. Each
32-bit can?fl:]gg/{lg C%%%clggg'\%bdé}}%?%%’ :Ag' lgﬂérgo‘ggrqbe %tﬁﬁgfgt%é’p) 122S agai nst
the recei ved errigHe?l shbWis & eaiwodd THOI byutdiedath eacsdégt or 705 in

accordance with the equation provided earlier, and the )
FIG. 3 shows a functional block diagram of a prior art TFCI

decoder;



correlator 705 produces the correlation netric 742. The nmagnitude
conparison circuit 1175 then conpares (step) 1230 the magnitude of 19 the
correlation netric 742 with the maxi num nmagni t ude nmeasured 1195, that is
stored in the nmaxi num magni t ude neasured nenory 1190. Wien a determination
(step) 1235 is nmade that the nmagnitude 5 the correlation nmetric 742 is

| ess than the maxi num magni t ude neasured 1195, a further determ nation
(step) 1240 is en de as to whether, all candjdate TFCl codewords 1130
have been corrghg't éd&%éﬂﬂa&ldwawvgﬂtﬁ%f%#t& REdRfedr dec %’Gnhglé- been
correl atedg.the operation 1200 proceeds to step 1275, which will be
described later. to However, when all the candidate TFCl codewords have not
been correl at eFIGL he shdvs aogrdghichl G presencagornbfch (18-gpind24dib 1
count, and.count of the N-Bit counter 1160 is checked (step) 1250 to, see if
the count ilevwai%ﬁtd{ad%m%rdptr@rv@ﬂ’owew&yetdq@y(:%pra% Fdudgcadsrain

mul tiple ofg@23.the N-Bit counter 15 1160 is set to the next nultiple of
32, the operatidn 1200 returns to step | 220 and proceeds as descri bed
earlier. AlterFG.velshowken fulrectimmuit bisclhatiagopml of a &I tdeeoeeofin3?2,
the operation 1200 returns to step, 1220 directly and proceeds as descri bed
earlier. |RCEQEdMeee With tRBRresgRhinsentigt begi ns counting from 0, and

i ncreases by o i 2 ant gl i yiol he
next cycl e, thgqﬁ-'g sﬁggﬁnge@bg‘%gﬁ%ﬁéﬁ%gﬂ%%}%ﬂ @n@%ﬁ?@a@%&%& 1(r)lnigl(t(}:'ount
every cloclg;cycle until the counter value equals to 95, so on. That is to
say, every other 32 codewords are selected as the candi date TFClI codewords.
The totlfll ~candifd&te8 TP WEodeflomazhay depailirg) thise ppesREOPh T il drF O

cl ock 25 cygl hed.for decoding one received TFCl codeword is hal ved
relative t?ﬂﬁﬁéﬁ@??ﬂ 'Ceg’candi date TFClI codewords are used. Returning to
where the det eRTGN& showsdreRs dozddation ertfen the T FRdetadta @f FIGe
correlation netric 742 is greater than the naxi num magnitude neasured 1195,
the magnit e of the correlation 30 netric 742 is stored (step) 1260 in the

maxi mum magni t r r 19 nd hecames 4 he n maxi .

magni t ude neas &ﬁg' rﬁgﬂ?ﬁ&ﬁgﬁaﬁgﬁm ?) G WSFlgalplg\% %[?mt%ﬁ(éﬁx\gtrané(og?ylt@ﬁ%on
correl agi omB®i¢ had/ddnirfiush @oefkla6bRRhe#d®0 in the sign bit nmenory 1180 as
the sign bit 1145. Next, the contents of the N-Bit counter 1160 is stored

(step) 1265 i nRlfe Hécelewsdatinatinngl bigtk diagramdef e mimmlified (FEh)

1270 5 nmade t o.whet h all t.he.candidate. TECL.. codewerds 1130 have been
correl at ed.d@gﬁgﬁ%{écgﬁa%?c? Hvelﬂééﬁ(air})(fgf%nﬁmen&ocpe?vv%%s 1130 have been
correlated, thaly. B2 show arfldtéRarisdételiggahkeshdsitRm ol 2h8 dihplifiend t he
operation 1200 continues_as previously described. However, when all of the
candi dat e TIHtSH! d@@ﬂﬁr@%f*‘hﬁeglhave been correlated, a 1o determ nation
(step) 2 275 is nade as to whether the sign bit 1145 stored in the sign bit
menory 180 is O or 1. Wien the sign bit 1145 is 0O, the post processor
1115 provides the decoded dat@ethibDedériptiendiGheSDeatengit a 650, and when
the post processor 1115 determines that the sign bit 1145 is |, it adds 32
to the 15 decoded data 1150 and provides the sumas the TFCl source data

650. Af f oy m i.t her, of . 1280 or 1285 . th i 200 end
(step) 1900° Note Tha! £RESREE 4R SREoRiRRES] 0EF LhGnPrPRalt IS ne

TFCl sour CQ:diﬁFﬁs%Qh cOn AR ESIIWERIEHDY E68@pRId Bédeitd ARCIVSIewdRIsTEE!

list of 1024 elenents, which is configured by the 20 radio resource control
| ayer, 26s rofirstilinputit Atti e s¢conHeinpu), ttheooamgaraien is sovgiled uwoastFChl | y

i d b i h cl le. Instead, ,the TEC dj. d
generator PP dtigatel Bt SRR alhdistome, SFRaidale Tty
in the TFClcdRRYErd Aol d8lcUsiidedporalith daE I6Gcs adenowiter 130.

Hence, the total nunber of Cycles of 25 one decode operation is determned
by the nuntFCdf cetlemmrds iisn reheivirlCl at athe. fiThe iFHDRt,t dblee ¢amparhitgur ed

by the RRC | d th h nedi trol. { MAQ), | t
control KerTHTCEsFaE SPEREGF Ty Srery TREY Qo et tishneach 6t fie °
possi blgg t raisdidate TR RAVEGRIPHANHEAT0AMNE $QRIHd GOHHESWRRA AImAEH

val ues. For one particular configuration, which may | ast several radio
frames, theéassskipoa therpemiosfumFElclideansdistamer;hot ssphhéne I024imume. t he
TFCI table contains only. 1 a smal] nunber of the val.yes sel ected, fromO
(6 1003 THngr Bitin oRerignimtVsE o thel HeeD ach A g aty S5 i
nunber of the 1024 possibilities. A typical TFCl configuration exanple is
given in 3GPP standard. For a conbination of 5 transport channels, the
transport 5 formats for each transport channel are: - transport channel 1 :

3 formats - transport channel 2 : 2 formats - transport channel 3 : 2
formats - transport channel 4 : 5 formats 10 - transport channel 5 : 2

oy



Total Nunber of conbinations configure for TFCl : 30 The TFCl table
conveyed by RRC MAC is provided in TABLE 3 bel ow. Therefore, the TFC
information is selected from30 values in the TFCI colum. At the receiver
site, 30 candidate TFCI codewords are 15 generated by the candi date
codeword generator 1110 and to decode opg TFCl information requires 30
cl.ock cycles in total. Hence, the present invention, as described, is |ess

Cetuces 1 Lot Ahestae Rl TR e DAY BroGRoCL e berpmaRn
produci ng pBb&iJ&ECkhEefRE e LITEOE RdRSRIA 11Y8Bht % T@ﬁ%s%?ut@ﬁ@l@]’ﬂjﬂéhed

by generating all possible candidate TFCI codewords from al e possi bl e
cor r espondicngreBpoindingrtleCHabarcea data dimpa rpnod uae duthien odem tifeed icaad i d4E@

codeword wi each of fhe candidate TFCl cod rds. After all the candi date
TFCl codem\ﬁ%‘s[ o %@Wvd‘gﬁ‘gé‘lté’d? oyt Qg\gﬁ%éle%fiﬁr-t hat resulted in the

maxi mung corr el a0, 3l iofei S FOS T, ta.
Further, by enp?%y?ntg% ée‘l %gtpgl ag%ioga?gﬁlzﬂ cbgg%ggefg%%W%e%
possi bl e cdi@ddeandidzie HRChcodewsrds herhidh icoresspormis tdehddiClesousye be

enhanced. 30 Thus, the. present invention, as describ rovi des nmet hod
and appar atdgéas Vlagtlroaﬁgtﬁofftheopﬁmp%mﬁ £R qarmﬁgag%&F@ﬁf@ eRichder ,
22 which o tist, v, t 1 I t he
o art EkECTER Blodk cyBS e WEOHRERaLPR GROUATER RIEE B T e LT
of the i nveahididateaVECDeededesd rthae driodudetiaite, bestr inaitshnbdi UTRAIKIDD 5 and

irrprovementg c%gpﬁe made by _a person skilled in the art w thout deﬁarti ng
fromtR8 sdBpeclork: arclsr wodtd tymjenldy die basgd wmgpethe chip rate at 3.84

20821120900830101 85501 151 19812000801 3 10030 T R 1 L4 0150080 1 TR OO0 E 731 ki 18000
1119100112038 H60B21023002127R 341 M4 G00326 1063 1262l 3 2700 MARBI041202

1141 24 CJains 1, A decoder conprising: a first input for receiving one
of a pl uraltimgslet BHasMEIOLE b redlisecopisr sl & ffa@eone of the plurality of
encoded codevor g, a1 Repds M aARerREs LAbWALL e QluSOMies dpd 3 gror ds
in accordance with a predeferm ned codi ng scheme, a second i nput Tor

recei vilpg aopiroe aldthybie. Hahdire st echtiaonirds dathdsies ntHdie théte aloiilyl baf
candi date codewords.is generated by encoding 10 the plurality of source

dat a wor ds 40f&eeBdlifiatec it podemord s te cepsidesd anddirhgenerad fer Nasewrgsar at or

| ed ' j h f i: h
oneof t he e Bt rneRP WRERRM ZofuBa e e WERFETREDY G AP Rt e
plurality afFChosdendedsesevbsitier. Fot Nhel A Stiteeapasald bef 4096 caghdidag: a
| atch signal_ when the one of the plurality of encoded codewords is
subst ant i aliECkeeriewperdsy agmd using ffhe pl-8aMHz clorkdaigi adimecfgbiérams
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with claim1 further conprising a candi date codeword generator_coupled to

the second INApASES REPERABILIGANE ardchds drgension Becppregydary &ffigignthis
plurality %rr%%“&* &I@éoeding time. However, for UTRA FDD the TFCI sequence has

an upper bound of 1024 candidate TFCI codewords, or N=10 or 10 TFCI

25 source data bits.
With reference to FIG. 6 a TFCI decoder 600, in accordance with
the present invention, comprises a comparator 605 having a first input
610 for receiving the TFCI codeword 110, and a second input 645 for
receiving the candidate TFCI codewords 647 that are output from a
30 TFCI candidate codeword generator 625. The comparator 605 has an
output 630 that is coupled to a data latch 640, and the comparator 605



25 codewords. 3. A decoder in accordance with claim2, wherein the

candi dat e codeword generator conprises: a source data word generator for
generating each~of the plurality 30 of source data words, and for providing
each of the plurality of source data words; and 25 an encoder coupled to
t he source data word generator, the encgger for receiving the plurality of
saurce data words, the encoder for encoding each of the plurality of source
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words. 4. A decoder accordance wth claim 3 wherein the encoder
conprises a trafiteofFCl eramatidetericodawiond gertirason 60T EQ@préscodear N-Blte to
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data, 25 whereupon receiving the predet eﬁn‘i ned TFCl sourcchﬁdata the counter
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havi ng a seimﬂdpm:mthteaphectepo theciBit @anaitedf635 provialdd itsaddorsentse dat a
words fromthe candi date codeword, generator,. the data latch for storing one
of the pl umlpwe@reg%ﬁ%%a%ms asomkinatian eheF Cl seugre datadits oo ty of
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decoder i n accordance w erein the conpara conprises a

candi dase cedayand pﬁé‘ﬁfrﬁboﬁhd‘ ehcgdedrshineg dath po thcbcﬁgphhﬁtdﬂ e08lat y of
source data words. 10. A decoder in accordance with claim1l wherein the

conpar at or tR8APPIEE4S s the candifateTFEd godswardsi@tei ve the one of the
pure 1) of, e s B8 ofhLot DR PIVIRALL S EaRRAS,
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20 corresponds to the decoded TFCI source data 650.

For UTRA FDD, N would be equal to 5 in split mode and 10 for
normal mode operation. In addition, the N-Bit counter 635 can also be
configured by a candidate TFCI codeword list (not shown), which is
provided by an upper layer. In addition, both the comparator 605 and

25 the TFCI candidate codeword generator 625 have reset and clock inputs
(not shown) to control their operation. The decoder 600 is designed to
perform one comparison per clock cycle, and 2 raised to the power of N
clock cycles would be necessary for each decode operation. Prior to
decoding, the reset signal is applied to initialize the decoder 600.

30 With reference to FIG. 7 the comparator 605 comprises a

correlator 705 and a metric comparator 745. The correlator 705

comprises a serial-to-parallel data converter 730 that receives the TFCI



15 a netric conparator coupled to the correlator for receiving the
correlation netric, and for producing the latch signal fromthe correlation
metric. 11. A decoder in accordance with claim 10, wherein the netric 20
conparator conprises a netric conparison circuit having a first input for
receiving the correlation netric, and theg netric conparison circuit having
a second input for receiving a nmaxi mumcorrelation netric neasured, and the
metric conparjson ci it havin out put for providjing the |atch signal
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e

least sone @ndidatpTFGl codevords p4e that dswwrmentlangraddegroyitberbFehch of
t he at Ieas(%%rg,cﬁd%%rr%gafag%)gg\%ﬁ% |te$/% f source data words; and an encoder

coupled to e sou or, the encoder for receiving the at

| east sone of tHEh@meld Edmplarffdt 745 ®indprisdd a'PetSc OrEpLASOHirdiat
encodi ng each of the at |east sone of the plurality of source data words in
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sonme of,.th raki f ndi dat e. codewor ds, d the er__havi ng_an
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wherein the encoder conprises a transport format conbination indicator

(TFQl) encodepuitt he0j is Traplethdodidre foaximua dongelatidreasetriomeasused
plurality O&me-rrrllzglly %38 .“Fhe metric comparison circuit 750 provides the latch
signal 620 to the data latch 640 (in figure 6), when the correlation
25 metric 742 is greater than the maximum correlation metric measured
760, in addition the correlation metric 742 is stored to the maximum
correlation metric measured 760 in the maximum correlation metric
measured memory 755 in the subsequent clock cycle. Prior to TFCI
decoding, the maximum correlation metric measured 760 in the
30 maximum correlation metric measured memory 755 is initialized to zero

by the reset signal.



data words, for encoding each of the at |east sone of the plurality of TFC
source data words in accordance with a predeterm ned TFCI codi ng schene,
and for providing at |east some of the plurality of candidate TFCl
codewords. 15 17. A decoder in accordance with claim 15 wherein the source
data word generator conprises a counter {fpr generating at |east some of the
plurality of candidate TFClI codewords. 20 18. A decoder in accordance with
claim 17 wherei
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counter is set @? ﬁgc%&d@ce with the predeternmined TFClI source data. 20. A
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and each of the at |east sonme of the plurality of candi date codewords, and
the corr el at®ACWBFdS QY dengercaserelsiePb$2fet Typicadlyd enederk wicle is
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i n accor dancandiddtecTRCIncY enb@ide tife tdo@ teR e ifEdie et NeBiaCyu eI 3568. to
a nmagni t ude con&ari son circuit having a first input for receiving the

corr el at9 onCRERYSE byt he WHEA i anspsles te syRdeicecane ohibe wgralidatoRFClnput

for receivi i i r i f-ude gomRaLi.son
circuit hav?%%@‘ggfl%%%ﬂ?' Eor%%%%ﬁlﬁ%ga gg ?ﬂoﬁeﬁgnﬁméﬂ%%@?n’ggnhtgde of
t he correl aldl@leddsit i0g Bis 1grsiatgrthirbaght faeb#53 MRwHBHE FRINbitUEEN MRAsUA Ed;
and a decoded data nenory coupled to receive the at | east sone of the

plurality oVablhurefezase AOlopasonad(Havh ngandidatsuTRGY aostesyeichgst Rleenat ch
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i s receiz/edbyahé ddiecldesored atiordifaTes Yhddiogiranequhfsh: f or providing the
decoded data. 22. A decoder in accordance with claim?21 wherein the

magni t ude conpar at BYCH srlifér EBRBX B .23 BFCT gnbibid] Gempslatiooupl ed to
rece e CheaflrbabALLED R oSyt BoclahEDpebatile A0, T e TR
nmagni t ude ohpplies ¢orF tigt ahiiltiplier 785 dsSniidldd brerioliREy: MexheHysaBREgUde
measured, and the sign bit menory having an output for providing the sign
bit. bit from the TFCI candidate codeword generator 685 is one (1), the
20 multiplication is by one (1), if the associated bit from the TFCI
candidate codeword generator 625 is zero (0) the multiplication is by
minus one (~1). The correlation metric 742 is then compared (step) 830
with the maximum correlation metric measured 760, that is stored in
the maximum correlation metric measured memory 755. If the
25 correlation metric 742 is less than the maximum correlation metric
measured 760, a further determination (step) 837 is made whether all
the candidate TFCI codewords 647 have been correlated. When all the
candidate TFCI codewords 647 have not been correlated, the N-bit
counter 635 is incremented (step) 850 by one (1), and the operation 800
30 continues from step 820 as described earlier. Alternatively, when all the

candidate TFCI codewords 647 have been correlated, the data latch 640
contains (step) 860 the decoded TFCI source data 650.



30 23. A nmethod for decoding conprising the steps of: 30 a) receiving one
of a plurality of encoded codewords, wherein the one of the plurality of
encoded codewords corresponds with one of a plurality of source data words
in accordance with a predeterm ned codi ng schene; 5 b) generating a
plurality of candi date codewords, wherein the plurality of candidate
codewords is generated by encoding each of the plurality of source data

words in accor ce with t redet erm ned codin eme; c) copparj.ng the
one of ¢ he. pi utBREDy b ten b e daragoR BIFas LEenSaireaie shaRafiTy o
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determ ning one of the plurality of candi date codewor has the greatest
measur e of isi stdmd tigtep) S4@ntby yantptichéngoopesatiodi,ngn oblee omadienum
plurality of source data 15 words that produc the one of the plurality of
candi dat e c?@dé@\]&ib%niW%E%Fﬁﬁﬁﬁ‘ér%ltﬂmtrﬂg%rigét éfrhﬁ?ngﬂcﬁﬁtﬁsnép@cﬁ\?%; and

) Provied! Makfifufecldbiol Hakld nels SRl oR02iA YRifitonZ tunnaibod 10
accordance wth claim 2r§ wher el n step (a) conprises 20 the step of
recei vi ng arerehtiorpmetald 74206 @reatete dhdhGhecodeninruds, covretagion tthetrome of

the plurality of en ed TFCl codewords corresponds with one of a. pluyrality
of TFQ sodPE@SHEES {Rf)dthe @3@&%%9@%65%&%3@%Pﬁpﬁ@&scﬁa? ﬁgtfgbherre.

25 25. A : i C 1 i 24 i hses the
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encodi ng eaalrront ichatphty af thy NBiTfcourret 35 datthevdutdsldtohac40radative Wit h

the predeterm ned coding schene to produce a 30 plurality of candidate TFC
codeworlds. decpdepsTEA g wise dﬁt%@c%}-dﬁhééamhlﬁgc%fﬂhﬁZ&rfﬁ]@é@? MekEd (c)

Coobwor ds v Th Dot ‘BrFRE RErkqIEHgRTRRlek afcRut L bictnfhy PSSR, e

det er mi ne datchingspdRHE nGLeut aloritgndé ofottee NaBiRotmiter &85 Hs dbieadath Wi t h
each of 5 the plurality of candidate TFCI codewords. 27. A nethod in

accor dance ¢ 640aioechss afftbeand of the clpckeeyglei ses the step deternining

one of the pluralji . correl ati tal S 'atag i .th_gn f
plurality of céﬁcﬁ%}égl?égont (ggtt:eg)gggvﬁg)? $ ?ﬁ%ﬁqclzlt%giset e t\gfretéa gsgjér)reladsél}r'ee of
correl atsi orcarkidate MEEODbdotBwaedSrélNdeawd blefil @rrebitedy\agikiwheai ehefe)
conprises the step of identifying the one of the plurality of TFCl. _saource

data wor ds TeRaRing eandidatendFeiccodewardp thabiareynet coarripded e thedi-bit
d ds, 0. f | i Al f ' . d
codevor o=, ARSI DtBfel BFoPLE50), g 3PS PBL plFRlggasyer o

i ndi cati ng ddietiguiestiesin SRS 820 a6 deycrlad eaflieR9n thigewag( dlhpassidlelance
with claim28, wherein step (~ conprises 20 the step of providing the one
of the pl uregunyvaiuesmd theoNrBis coanter @3 wibbe praeesped f or decodi ng where

a bi-orjhogonalygodiap, SFREMit s URe¥Rled! [GeBF 888 ERAP AT ik 24t ePS
candidate TFCI codewords 647 have been correlated, the data latch 640
contains the most likely decoded TFCI source data 650, and the
maximum correlation metric measured memory 755 contains the
highest value. The operation 800 then ends (steﬁ) 865.

25 The current invention can be advantageously used as a means of
soft decision decoding, as well as hard decision decoding. For example,
by using 4 bits of soft decision decoding, the signal to noise ratio can be
reduced by 2 dB in order to achieve the same bit error rate as the hard
decision. The performance improvement is a trade-off against hardware

30 complexity.

The current invention can advantageously be employed without

the need for reordering which is mandatory for IFHT processing in the



a) receiving one of a plurality of encoded codewords, wherein the one 25 of
the plurality of encoded codewords corresponds with one of a plurality of
source data words in accordance with a predeterm ned coding schene; b)
generating a plurality of candi date codewords, wherein the plurality of
candi date codewords i s generated by encqging at | east sonme 30 of a
plurality of data words in accordance with the predeterm ned codi ng schene;

32 c¢) conparing the one of the plurality of encoded codewords with the at
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words. 31. woflelodni padgliel.d¥aceatdrt o CARI RaHbmMie6Ri Basésp adaitioanpr i ses
20 the step of receiving one of a plurality of encoded TFCI codewords,

wher ei o hehandsvaye isnacedled 40 iswjitadt oaeldde mrdtipliesewor ds corresponds with

one of a pl uralt 1E e wor.ds i n cordance .wit

pr edet er m ned c%%ngéfgg%’%%ig%g%gﬁk%n%ﬁ% Gcolrﬁe%&og} gﬁ%ér%qfﬁh% ’5),?(,%1 31,
wher ei n st eppddwofdn@émeestiiesStBAS HeredeNQl Hdditivat pe8RSYaR®ared 4 he
plurality of data words; and encoding each of the plurality of data words

i n accor daneegative peak yrlogetTherpositivopeal walienwhishpiotypicallypdrfarity
of candi dat.g %Cg TFCIi codewor ds. 33 %3 . A rre]ﬁ hodri n.accor dancekwith claim
31, wher ei H&TESCHYOPorP TS HECTTHRLOB: Yaluse el UF AR R REF KMo t he
pluralifsy ofhitH aqu@isto -BHfGNEAR] HMecea6h, 9§ thBemby@rkéMtidn Batwed®r ds
in accordance with 5 the predeterm ned coding schene to produce a plurality

of candi datt@eTFEC] censtamenss 1 1fand awamstidate I8€Ir cedeond trhesa o 32t
wherei n ste c) canpri.ses th t ep.,.corralati t ne pf the ural.ity of
encoded TFARGienEPRPITERRa Bichohi BT itha TR ToPRimrtalh e
codewor ds t@ordifirey TsNEué teoth& NBYhBgoAhUERIdft $he0{32.8) IRttt bRTerREeEHCS
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of correlation w3 RféRIARA tbNFRGCOGIapeR Wrb eis&yaidpl BRorvhegshalist 9 (e)

conprises 20 the step of identifying the oné of the plurality of data words

t hat producepliitlycHustfatetle Thleux-alxis ywalfiecangedios ORO 1033kneptiseniber ei n
the one of the rald f . candidate TFCl .codewords is associate i.th the
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(f) conprises the step of using the one of the plurality of data words and

t he sta% ofaluee(ibdesrofhorprimiun aorrelatidnanetrich aget segativet peakvalaé t he
plurality O(fingeFxC Iof Srgijr{i%?ur%agzgrr\é?a{tgosﬁ n;fgtric). The straight line 1005 is the 10-
bit TFCI source data corresponding to a positive peak value while curve
1010 is the 10-bit TFCI data corresponding to a negative peak value.
For instance, when the TFCI data is 1 or (0000000001) in binary form,
30 the maximum correlation metric occurs when the counter value is 1
and the decoder output is 1 or (000000000 1)nin, which is demonstrated

on the straight line 1005; the minimum correlation metric occurs when
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counter 1160 is substantially similar to the N-Bit counter 635,

described earlier.

20 The comparator 1105 comprises the correlator 705, which was
described earlier, and a magnitude comparator 1162. The correlator
705, as described earlier, has the first input 1120 for receiving the TFCI
codeword 110, the second input 1125 for receiving the candidate TFCI
codewords 1130, and the correlator 705 provides the correlation metric

25 742,

The magnitude comparator 1162 comprises a magnitude
comparison circuit 1175, a sign bit memory 1180, a decoded data
memory 1185, and a maximum magnitude measured memory 1190.
The magnitude comparison circuit 1175 compares the magnitude of the

30 current correlation metric 742, received from the correlator 705, with a
maximum magnitude measured 1195, that is stored in the maximum

magnitude measured memory 1190. When the magnitude of the current
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measured 1195, the magnitude comparison circuit 1175 provides a
latch signal 1197 to the sign bit memory 1180 and to the decoded data
memory 1185. The decoded data memory 1185 is itself coupled to

5 receive the contents of the N-Bit counter 1160. Upon receiving the latch
signal 1197, the sign of the current correlation metric 742 is stored in
the sign bit memory 1180, and the current contents of the N-Bit
counter 1160 is stored in the decoded data memory 1185, as the
decoded data 1150.

10 The post processor 1115 is coupled to the sign bit memory 1180
and to the decoded data memory 1185 to receive the sign bit 1145 and
the decoded data 1150, therefrom. The post processor 1115 is also
coupled to an output to provide the TFCI source data 650. When the
post processor 1115 determines that the sign bit is O, it provides the

15 decoded data 1150 as the TFCI source data 650, and when the post
processor 1115 determines that the sign bit is 1, it adds 32 to the
decoded data 1150, and provides the sum as the TFCI source data 650.

With reference to FIG. 12 the operation 1200 of the TFCI decoder
1100 starts from step 1205 with initialization (step) 1210 of the

20 maximum magnitude measured 1195 and the N-Bit counter 1160 to O.
The TFCI codeword 110 received at the input 1120 is then loaded (step)
1215 into the serial-to-parallel converter 732. Next, in each clock cycle
one of the candidate TFCI codewords 1130 is generated (step) 1220.
Typically, one clock cycle is equal to one chip period as described

25 earlier, and to generate each candidate TFCI codeword, the contents
from the N-Bit counter 1160 is encoded by the TFCI encoder 642 to
produce one of the candidate TFCI codewords 1130.

Each 32-bit candidate TFCI codeword 1130 is then correlated
(step) 1225 against the received encoded TFCI codeword 110 by the
30 correlator 705 in accordance with the equation provided earlier, and the

correlator 705 produces the correlation metric 742. The magnitude

comparison circuit 1175 then compares (step) 1230 the magnitude of
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the correlation metric 742 with the maximum magnitude measured
1195, that is stored in the maximum magnitude measured memory
1190.
When a determination (step) 1235 is made that the magnitude of
5 the correlation metric 742 is less than the maximum magnitude
measured 1195, a further determination (step) 1240 is then made as to
whether all candidate TFCI codewords 1130 have been correlated. When
all the candidate TFCI codewords 1130 have been correlated, the
operation 1200 proceeds to step 1275, which will be described later.
10 However, when all the candidate TFCI codewords have not been
correlated, the N-Bit counter 1160 is incremented (step) 1245 by 1
count, and count of the N-Bit counter 1160 is checked (step) 1250 to
see if the count is equal to a multiple of 32.
When the count is equal to a multiple of 32, the N-Bit counter
15 1160 is set to the next multiple of 32, the operation 1200 returns to
step 1220 and proceeds as described earlier. Alternatively, when the
count is not equal to a multiple of 32, the operation 1200 returns to
step 1220 directly and proceeds as described earlier. In essence, the N-
Bit counter 1160 begins counting from O, and increases by one in each
20 clock cycle until it reaches 31 and, in the next cycle, the N-Bit counter
1160 jumps to 64 and increases by one count every clock cycle until the
counter value equals to 95, so on. That is to say, every other 32
codewords are selected as the candidate TFCI codewords. The total
candidate TFCI codewords is 512, and therefore the number of clock
25 cycles required for decoding one received TFCI codeword is halved
relative to when all the candidate TFCI codewords are used.

Returning to where the determination (step) 1235 is made, when
the magnitude of the correlation metric 742 is greater than the
maximum magnitude measured 1195, the magnitude of the correlation

30 metric 742 is stored (step) 1260 in the maximum magnitude measured

memory 1190 and becomes the new maximum magnitude measure
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stored (step) 1260 in the sign bit memory 1180 as the sign bit 1145.

Next, the contents of the N-Bit counter 1160 is stored (step) 1265

in the decoded data memory 1185, and a determination (step) 1270
5 made as to whether all the candidate TFCI codewords 1130 have been

correlated. When not all of the candidate TFCI codewords 1130 have
been correlated, the N-Bit counter 1160 is incremented (step) 1245 by
1, and the operation 1200 continues as previously described. However,
when all of the candidate TFCI codewords 1130 have been correlated, a

10 determination (step) 1275 is made as to whether the sign bit 1145
stored in the sign bit memory 1180 is O or 1.

When the sign bit 1145 is 0, the post processor 1115 provides the
decoded data 1150 as the TFCI source data 650, and when the post
processor 1115 determines that the sign bit 1145 is 1, it adds 32 to the

15 decoded data 1150 and provides the sum as the TFCI source data 650.
After performing either of steps 1280 or 1285, the operation 1200 ends
(step) 1290. Note that the 6t bit from the least significant bit of the
TFCI source data 650, is determined by the sign bit 1145.

When the TFCI list of 1024 elements, which is configured by the

20 radio resource control layer, is not fully utilized, the N-Bit counter 1160
is not automatically increased by one in each clock cycle. Instead, the
TFCI candidate codeword generator 1110 is configured by a TFCI table,
where only TFCI source data in the TFCI table are encoded and used as
candidate TFCI codewords 1130. Hence, the total number of cycles of

25 one decode operation is determined by the number of elements in the
TFCI table.

The TFCI table is configured by the RRC layer and passed
through medium access control (MAC) layer to control kernel of the
physical layer. The TFCI table contains all the possible transport format

30 combinations and their corresponding TFCI values. For one particular

configuration, which may last several radio frames, the possible number

of TFCI values is much less than 1024, i.e. the TFCI table contains only



M C HIOYG& ()-1/ HIO%GE ()-1/ HIOYGE ()-1/ HIO%S& ()-1/ iJ+=
HL0%G&' () -1/ C HI0%G&' () -1/ HLO%G& ()-1/ HLO%GE ()-1/ HLO0%E& ()- 1/
H10%G& ()-1/ HLOYG& ()-1/6iJ+= M C HI0%G& ()-1/ HI0%G& ()- 1/
H10%&' () -1/ HI0%G& () -1/ "$&(i J+= HIO%®' ()-1/C HIO%E ()-1/ HI0%R' () -1/
H109%&' ()-1/ H10%%' ()-1/ H10%&' () -1/ 0% ()-1/(*,.016iJ+= M C
HLO%G&' () -1/ HLOYG& ()-1/ HLO%GE ()-1/ HLO%GSE ()-1/13579; =2i J+=
a small number of the values selected from O to 1023. Therefore, the
number of candidate codewords is also a small number of the 1024
possibilities. A typical TFCI configuration example is given in 3GPP
standard. For a combination of 5 transport channels, the transport
5 formats for each transport channel are:
- transport channel 1 : 3 formats
- transport channel 2 : 2 formats
- transport channel 3 : 2 formats
- transport channel 4 : 5 formats
10 - transport channel 5 : 2 formats
Total Number of combinations configure for TFCI : 30

The TFCI table conveyed by RRC MAC is provided in TABLE 3
below. Therefore, the TFCI information is selected from 30 values in the
TFCI column. At the receiver site, 30 candidate TFCI codewords are

15 generated by the candidate codeword generator 1110 and to decode one
TFCI information requires 30 clock cycles in total.

Hence, the present invention, as described, is less complex to
realize requiring less hardware resources, which advantageously
reduces the complexity of corresponding fabrication processes for

20 producing the TFCI decoder of the present invention.

This is accomplished by generating all possible candidate TFCI
codewords from all the possible corresponding TFCI source data, and
comparing an unknown received TFCI codeword with each of the
candidate TFCI codewords. After all the candidate TFCI codewords have

25 been compared, TFCI source data that resulted in the maximum
correlation metric is identified as the decoded TFCI source data.
Further, by employing selected candidate TFCI codewords from all the
possible candidate TFCI data words, the efficiency of the decoder may
be enhanced.

30 Thus, the present invention, as described provides a method and

apparatus for a transport format combination indicator (TFCI) decoder,
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the prior art.
It will be appreciated that although only particular embodiments
of the invention have been described in detail, various modifications
5 and improvements can be made by a person skilled in the art without

departing from the scope of the present invention.



C HIO%GE ()-1/ HIO%GS ()-1/ HLO%G&' ()-1/ HLO%G&' ()-1/x{}iJ+= HIO%GE ()-1/C
HLO%GE ()-1/ HLOY%GE ()-1/ HLOY%GE ()-1/ HLOY%GE ()-1/ HLO%GE ()-1/

HLO%G& ()-1/6iJ+= M C HLO%G& ()-1/ HLO%GE ()-1/ HLOY%GE ()-1/

HLO%GE ()-1/iJ+= HLO%G& ()-1/C HIO0%G& ()-1/ HLOY%G& ()-1/ HLOY%GE ()-1/
HLO%GE ()-1/ HLO%GS ()-1/ HLO%&: () -1/ 6'?%+: M C HIO%& ()- 1/

HLO%G&' () -1/ HLO%G& ()-1/ HIO0%E' ()-1/i J¥= HLO%G ()- 1/ C HLO%GS' () - 1/

TABLE 3
TFCI TFI-O0 TFI-1 TFI-2 TFI-3 TFI-4
0 0 0 0 0 0
1 1 0 0 0 0
2 2 1 1 0 0
3 0 0 0 1 0
4 1 0 0 1 0
5 2 1 1 1 0
6 0 0 0 2 0
7 1 0 0 2 0
8 2 1 1 2 0
9 0 0 0 3 0
10 1 0 0 3 0
11 2 1 1 3 0
12 0 0 0 4 0
13 1 0 0 4 0
14 2 1 1 4 0
15 0 0 0 0 1
16 1 0 0 0 1
17 2 1 1 0 1
18 0 0 0 1 1
19 1 0 0 1 1
20 2 1 1 1 1
21 0 0 0 2 1
22 1 0 0 2 1
23 2 1 1 2 1
24 0 0 0 3 1
25 1 0 0 3 1
26 2 1 1 3 1
27 0 0 0 4 1
28 1 0 0 4 1
29 2 1 1 4 1
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Claims

1. A decoder comprising;:
a first input for receiving one of a plurality of encoded codewords,
5 wherein the one of the plurality of encoded codewords corresponds with
one of a plurality of source data words in accordance with a
predetermined coding scheme;

a second input for receiving a plurality of candidate codewords,
wherein the plurality of candidate codewords is generated by encoding

10 the plurality of source data words in accordance with the predetermined
coding scheme;

a comparator coupled to the first and second inputs, the
comparator for comparing the one of the plurality of encoded codewords
with at least some of the plurality of candidate codewords, and the

15 comparator for producing a latch signal when the one of the plurality of
encoded codewords is substantially similar to one of the plurality of
candidate codewords, wherein the one of the plurality of candidate
codewords is produced by the one of the plurality of source data words;
and the comparator having an output coupled to provide the latch

20 signal.

2. A decoder in accordance with claim 1 further comprising a
candidate codeword generator coupled to the second input, the
candidate codeword generator for generating the plurality of candidate

25 codewords.

3. A decoder in accordance with claim 2, wherein the candidate
codeword generator comprises:

a source data word generator for generating each of the plurality

30 of source data words, and for providing each of the plurality of source

data words; and
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n(c,)c;dle/r coupled to the source data word generator, the
encoder for receiving the plurality of source data words, the encoder for
encoding each of the plurality of source data words in accordance with
the predetermined coding scheme to produce the plurality of candidate
codewords, and the encoder having an output coupled to the second

input for providing the plurality of source data words.

4. A decoder in accordance with claim 3 wherein the encoder
comprises a transport format combination indicator (TFCI) encoder, the
TFCI encoder for receiving each of a plurality of TFCI source data words,
for encoding each of the plurality of TFCI source data words in
accordance with a predetermined TFCI coding scheme, and for

providing a plurality of candidate TFCI codewords.

5. A decoder in accordance with claim 4 wherein the source data
generator comprises a counter for generating each of the plurality of
candidate TFCI codewords.

0. A decoder in accordance with claim 5 wherein the counter
comprises a sequential counter for providing at least some of the

plurality of candidate TFCI codewords in a predetermined sequence.

7. A decoder in accordance with claim 6 wherein the counter has a
counter-setting input for receiving predetermined TFCI source data,
whereupon receiving the predetermined TFCI source data the counter is

set in accordance with the predetermined TFCI source data.

8. A decoder in accordance with claim 1 wherein the decoder further
comprises a data latch having a first input coupled to receive the latch
signal and having a second input coupled to receive each of a plurality
of source data words from the candidate codeword generator, the data

latch for storing one of the plurality of source data words when the one
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with the latch signal.

0. A decoder in accordance with claim 8 wherein the comparator
5 comprises a candidate codeword generator for generating and providing

the plurality of source data words.

10. A decoder in accordance with claim 1 wherein the comparator
comprises:

10 a correlator coupled to receive the one of the plurality of encoded
codewords and each of the plurality of candidate codewords, the
correlator for correlating the one of the plurality of encoded codewords
and the each of the plurality of candidate codewords, and the correlator
for providing a correlation metric; and

15 a metric comparator coupled to the correlator for receiving the
correlation metric, and for producing the latch signal from the

correlation metric.

11. A decoder in accordance with claim 10, wherein the metric
20 comparator comprises a metric comparison circuit having a first input
for receiving the correlation metric, and the metric comparison circuit
having a second input for receiving a maximum correlation metric
measured, and the metric comparison circuit having an output for
providing the latch signal when the correlation metric is greater than

25 the maximum correlation metric measured.

12. A decoder in accordance with claim 11, wherein the metric
comparator comprises a maximum correlation metric measured
memory for storing the maximum correlation metric measured, and
30 wherein the second input of the metric comparison circuit is coupled to

the maximum correlation metric measured memory.
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a first input for receiving one of a plurality of encoded codewords,
wherein the one of the plurality of encoded codewords corresponds with
one of a plurality of source data words in accordance with a
predetermined coding scheme;

a second input for receiving at least some of a plurality of
candidate codewords, wherein the at least some of the plurality of
candidate codewords is generated by encoding at least some of the
plurality of source data words in accordance with the predetermined
coding scheme;

a comparator coupled to the first and second inputs, the
comparator for comparing the one of the plurality of encoded codewords
with the at least some of the plurality of candidate codewords, and the
comparator for producing a sign bit and decoded data;

a post processor coupled to receive the sign bit and the decoded
data, and the post processor for producing the one of the plurality of
source data words; and

an output coupled to provide the one of the plurality of source

data words.

14. A decoder in accordance with claim 13 further comprising a
candidate codeword generator coupled to the second input, the
candidate codeword generator for generating the at least some of the

plurality of candidate codewords.

15. A decoder in accordance with claim 14, wherein the candidate
codeword generator comprises:

a source data word generator for generating the at least some of
the plurality of source data words, and for providing each of the at least
some of the plurality of source data words; and

an encoder coupled to the source data word generator, the

encoder for receiving the at least some of the plurality of source data
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words, the encoder for encoding each of the at least some of the
plurality of source data words in accordance with the predetermined
coding scheme to produce the at least some of the plurality of candidate
codewords, and the encoder having an output coupled to the second
input for providing the at least some of the plurality of source data

words.

16. A decoder in accordance with claim 15 wherein the encoder
comprises a transport format combination indicator (TFCI) encoder, the
TFCI encoder for receiving at least some of a plurality of TFCI source
data words, for encoding each of the at least some of the plurality of
TFCI source data words in accordance with a predetermined TFCI
coding scheme, and for providing at least some of the plurality of

candidate TFCI codewords.

17. A decoder in accordance with claim 15 wherein the source data
word generator comprises a counter for generating at least some of the

plurality of candidate TFCI codewords.

18. A decoder in accordance with claim 17 wherein the counter
comprises a sequential counter for providing at least some of the

plurality of candidate TFCI codewords in a predetermined sequence.

19. A decoder in accordance with claim 17 wherein the counter has a
counter-setting input for receiving predetermined TFCI source data,
whereupon receiving the predetermined TFCI source data the counter is

set in accordance with the predetermined TFCI source data.

20. A decoder in accordance with claim 15 wherein the comparator
comprises:
a correlator coupled to receive the one of the plurality of encoded

codewords and at least some of the plurality of candidate codewords,
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the correlator for correlating the one of the plurality of encoded
codewords and each of the at least some of the plurality of candidate
codewords, and the correlator for providing a correlation metric; and
a magnitude comparator coupled to the correlator for receiving
5 the correlation metric, and for producing the sign bit and the decoded
data.

21. A decoder in accordance with claim 20 wherein the magnitude
comparator comprises:

10 a magnitude comparison circuit having a first input for receiving
the correlation metric, the magnitude comparison circuit having a
second input for receiving a maximum magnitude measured, and the
magnitude comparison circuit having an output for providing a latch
signal when the magnitude of the correlation metric is greater than the

15 maximum magnitude measured; and

a decoded data memory coupled to receive the at least some of the
plurality of source data words and having an input for receiving the
latch signal, the decoded data memory for storing one of the at least
some of the plurality of source data words as the decoded data when

20 the latch signal is received, and the decoded data memory having an

output for providing the decoded data.

22. A decoder in accordance with claim 21 wherein the magnitude
comparator further comprises:

25 a sign bit memory coupled to receive the correlation metric and
the latch signal, the sign bit memory for storing the sign bit of the
correlation metric therein when the magnitude of the correlation metric
is greater than the maximum magnitude measured, and the sign bit
memory having an output for providing the sign bit.

30

23. A method for decoding comprising the steps of:
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receiving one o%[a\ gf)upl\*ality of encoded codewords, wherein the one
of the plurality of encoded codewords corresponds with one of a
plurality of source data words in accordance with a predetermined
coding scheme;
b) generating a plurality of candidate codewords, wherein the
plurality of candidate codewords is generated by encoding each of the
plurality of source data words in accordance with the predetermined
coding scheme;
c) comparing the one of the plurality of encoded codewords with
each of the plurality of candidate codewords to determine a measure of
similarity therebetween;
d) determining one of the plurality of candidate codewords has the
greatest measure of similarity;
€) identifying the corresponding one of the plurality of source data
words that produced the one of the plurality of candidate codewords in
accordance with the predetermined coding scheme; and

f) providing the one of the plurality of source data words.

24. A method in accordance with claim 23, wherein step (a) comprises
the step of receiving one of -a plurality of encoded TFCI codewords,
wherein the one of the plurality of encoded TFCI codewords corresponds
with one of a plurality of TFCI source data words in accordance with a

predetermined coding scheme.

25. A method in accordance with claim 24, wherein step (b)
comprises the steps of:
generating each of the plurality of TFCI source data words; and
encoding each of the plurality of TFCI source data words in
accordance with the predetermined coding scheme to produce a

plurality of candidate TFCI codewords.



M F 10%E# & ()- 10 E# & ()- Y MLO% E#f & ()- yl0% E#f & ()- 10G 10G 10G
HIO%GS ()-1/[)q|[:bA M &L! 10% E#f & ()- & 10% E#f & ()- & 10% E#f & () -

Ol 109 E#f & ()- y#10% E#f & ()- 109% E#f & ()-qyKTW [: bA M SF10% E#f & () -

yF10% E#F & ()- 9110 E#F & ()- & 10 E#f & ()- Y ss10% E#f & () -

S109% E#f & ()-W ?bA M

QA" 109 E#f & () - SQA" 10% E#f & () - SQA" 1006 E4f & () - SQA"10% E#f & () - SQA" 10% E#f &
"()-S . . . . .

109 E#f & (¥OFs SAUReEnad i macerdsneewitly plaim &5 Wheiin G4F BAS)ILQNPEELS 1094 B

)-S/ kan LORETE () S TR AT () oA et e PR nibeeli () - o
KOR 109 EHOEL FaBGNS BIOSIY- SRMACHZ B () SaRARHSIITEEL e 8/ KON 1

096 E#f & () - SQA" 1096 E#f & () - SQA" 10%E#f& () - SQA"10% E#f & ()-S. [ bA KQA" 10%E#
f& ()-SQA" %%eéﬁpad@)lgséur@b% phorrslagigrt TROkTEos &SEeci c)lm heeash of- sqopa

| KQA" 1094 & SQA 10% E#f & () - SQA" 1096 E#
& ()- E%%Eé’&%’f%@?) %%Mgﬁgs& 1096 E#f & () - SQ(A) 1096 E#f & ()
- SQA" 109 E#f & () - SQA" 10% E#f & () - S'/ KsS3bA/ QA" 1096 E#f & () - SQA" 1096 E#f & () -

QA" 10% E#f & () - SQA" 1096 E#f & () - S/ KQA" 10%; E#f& () - SsS3bA/ QA" 10% E#f & () - SQA
1096 E#f & ($7sQah1avethred 1y - acrepdancs esikh ( 99,@\ 2096 whyegery - step d(

oS O S SR A AT G Ao AT A 598

E#f & () - SQA@IbFH e dQia B & SwiitHY KRA" b0 % Bl {nalBOA G0 Yhlidi&ale - BRET10% E#
f& ()- SQA"10% E#f & () - SQA" 1096 E#f & () - S$' ) +-/ 1LdDbA/ KQA" 1096 E#f & () - SQA" 10%
Ex#f & (10 sqredowprds mndicateythe greatest measyre1efogEmrelation. SQA" 109 E#f & () - S12
579;
=t TAbA/ QA" 1096 E#f & () - SQA" 1096 E#f & () - SQA" 10% E#f & () - SQA" 1096 E#f & () - SQA"1
096 E#f & () 28/ KaAEetbd 33 cQpd 40%E Etl (2 inS QX lz@%xl%iifﬁé’stéﬁ) @Qﬁbrh@%dééf & ()-
SQA" 10% E#f & ()- S/ KQA 109 E#f & () - Sl KM\IQSUSSSbA/?A 10% E#f& () SQA" 109 E#f &
' () - SQA" 108 EStRP of idgpnidfyingdhesre o) tlanrluclsteaid TE1 sompga datssordea” 1096

aceg! | TCODRHCAFTOR LR SRR %%@%t?@%é&ﬁﬁ%%#ﬁﬁ Nasekin PP

) SQA" 1996 L e¥eln - ﬂli@(b?ﬁ\élaf ttﬁ/eKQﬁ,lil&)H’C #ff&céhdﬁwelfbl%‘@#fé’odéw&% Q%6 E#f &
' () - SQA" 1096 E#f & ( s "10% E#F & ()-S| YO [:/K SI' M 1L0YD#& () -

Sy109D#& ( RsS$acl dhe ane Qﬁmge&)lp;-ahty of correlation metrics indicating

Sf 81094 #&' SO [ K S9! 109D#& ()-F Sy#10%SDHS& () -)

SF9! 10%3#&%?%" )%%ﬁég‘) ° Jr&%&fﬁi& ()- <, #10%#& ()-c|[:|[:/K

S(9! 109#& () - S@ #10%3#& ()-) SH#9! 109D#& ()- SY 3" 109#& ()- S
109DH& () - SSy#lO%i)#& 0-) L1V [:-:100D#0 S7#10%DHo&' ()- G _

S69! 109D#82P) - ) Asmegho dcm#e&sqqrda@ﬁ#mmcxb#m 28,- whe@inyaiopslfl ¢gmprises

Sor 10040 (54 Siep P Al Gt WL XS PRNEN R RESERo 0 o, <
$6510%A#8& () - 54100/<1#& () S/ #10%1#a& ()-G S, z10%#& ()- S@L109XI#XE () -

S@10% 1#1 & ()-(((((()*D,vU410 SSH10%A#& ()-s / SH10% 1#, & () - s
{ S#109%4 1#( 80() - & 8¢ fc(r) deoadirgy wiltere a bi-orthogonal coding scheme is

s 0

SH10981#S&xf ) - Sr@éélt? éheé [of ﬁﬂrali@y O ehU8d (dodevord@Yavhdreid tife one
109% & ()-S Ss 110% & (J- S s109% > S10% & () - 1"1112K222|&0C]3510
(1}

1! SL: | 299@&0f ) thesplvgedity (9f {er@udm%c&d(e)ncgcg Icpggs Rrgnds swittoomg )of 8
s109% & () - Z222" 43t 3{790B510.1 1 L0% & 7#10% 2 #1098

S5 1o % ol datd, Whuds D Bishtdadad il préféaifinkl o )
S, * 10% & @)dl gcggﬁ@e& ()- S9' 410% & ()- SH& 10% & () -

SH&! 1098 () - 45{5556_66[[: OB510 1 S7y#10% & ()- S6& 10% & L

S29! 10% & ) - sggn@ma@n(g)a $)1119a11®%&f (candige#e oopdewprds, wherein the

666666>777 %& 094t &' S: 1109 08t&' 10"10" 10"
208 S 0v & oS o b oK b st Sy Eitn e B 1kas P sdss ()
S 1 10%48 (ot aspllu]fﬁ &9 ar@AONE ) 2S8R nckl B ILSpiEeIBHHAL ) S

SF' 1 100& ()-S Yg#10% #-& () S 10- 100K& () - & 1 1008& ()~ Tyg#1004 #(& () -
CHEEH vlgggimgssbem#& ()-S Sf.10%& ()-S S, : 10%& ()-S S( 10%& ()-
SFO' Z#1004& () - S% ! 10%&' () -; =<x<<<#=, =-=|[: - 310# S910%& ()- S

SS810%4&' ()-S Sf610%4& ()-S S5MLO%:E ()- S 310%t& ()- SL@
10%t& () - - =. =/ =2=5=y==>bA310# S SS10%&& ()- S@®' 10%&& ()- S10%A&& ()- Sy



109488 ()- S109D1&D& () -: 10#10#>B>i > >>>?| [ : A310# SL- 1094.&& () -
Sff#1094&& ()- SY1094&& ()- S1094&& ()- S109%4&&' () -

S109%4.8&' () - ??G?2?2%@ @ [ : A310# SH10%A&& ()- 7ff#10% 1& & ()-3 Sff#10%é& ()-3
S@ 10%4.&&' ()- S10%4&& ()- S109%&8& () - .@@@@As3>c'>c;|[ - 310f 1&f

fyl#10% 1&f & ()-s fy/#10981&S& ()-5 S, , 53510%&& ()- S(10%&& () -

SS' ' 1094&& ()- SU@L0%A&E ()- ’?C@:ACDCJDD%gbAMOf 1&F  @#109MDHW () -
@#109\DHNE. () - SH10YDHE & #10YDHE. (

Sy109D#&' ()& 10f 18PNURAIZRE ﬂlqnmmqp lg?éymf cacptodyysvends with the

Sty 100D () CERMEKA MRS B o v dare, R e imie &

S, #10% X#' &néedshife of HIAMEHXY (Herfebetween, wherein the measure of similarity
SS109% X#' & () - 10y Dty 10y Dity NDOCPWPORSS| [ : - 310%# , #1098 () - F4

, #1096¢& ()inFlndes adptxgthpeeaalsstetodndatyrira | #1098 () - F4

)fi%% éi 95 GHEEHEE B S dproob /@%éioai xéfﬁ%ﬁf it
Y108 () RRHHASAROBHE #é&%#ﬁéas(arezomh@@/am ()2 T#10% 4 ()2

Sf#lO%#& () 2[\ ]~ | [:bU410 S SOy#10%&' () - 0% & (%y# Sf#lO%&
f#10% & () e)S#lod@&thg el#qmgsqgondmgogb\ecqf[ lmmiur@ ng)qzt)a&a(wor

T et e et e

Sy10%#& () -dd¥otfahle with AHeSpretetdihbiedl Ebding sdiekfle) Sf#10%#& () - Y5
FH10Y@ @ () - YUS Svf#10%#&' () - YUS f#10%A#1&' () - Y% S9! 10%#&' ()- S

#109%+&8'10) - HkNI O datermining thes statgoftheshirarthogosal etste indicatwrposs () -

Flovnine (193 SV BEo %a - O‘V@#é#é%w‘“"ﬁé%;ﬁ?o%a )55t s, they ()

Syz#10%&' ()¢ r?éé % (&f dath WePAF S @O%Q@%&Q%EI&E&ES y
1#10YEHES () - 1#10 @@ () #10%#& () - Pu” uuuKvw [

fz#lOt%Dl#D@f(t}lenSISahmM#&u@e ﬂasamca@tis#&n@ zs 3#10%3& () z SI

t 1094 #& SL 1094#8&! Q04 H&

SS& #10%(1;)#&f)() EhEo é&%@ Oét*é’%%df[y&?gé( n C%‘P A C?i‘df state, a
S: 1 10%d#& ():oilzéla{nro{rmdffde[t vARGEAS SdaMi16%AdtE Correspodiditlfthd Jof the
SY4: | 1004 #& §) S SL: 1 109448 ()- SSy/ YLO00M#& ()-

S, :!110%#& @ uoqtlpquptf |d@qa~“md§0m81 shs sum09s rovideganohe one of the
SH10% & () - }(% 3(9‘V & é% 101#101# Z' | [: A4101#S SB( #1096 & () -3
(#10%" (& (P ‘ér?#‘?fda ‘{rce 1% “#109% & ()- C#10% & ()-' 5vW410
fz#10% #- & ()- S #10%& ()- K- #10%& () Sy10%t&' ()-107"7107"7107"7
(#1099 7& ()-3CQ\ 9| [: vUAL0 f(#L109EHEL ()-S f(#10%F@ ()-K Sf z#10%& ()-S
i 2#10%3#6&31) Smetondi& @rcofdatic® @imo30) ]Jvhﬂujmﬂs&tpl@)/#&r(lpnzes

TH#10%1& 10%# - 10SH#S10S#S10SH 10%5#SE.

f(#lO%%&’lQ& ‘%IF[O“\% RIVEE OREOY; %?@’l“faﬁg’ renepgad (SECK cogdegprdsg () -
f#10% #; & (therélﬁlﬁlé@‘@df)the ﬁlﬁ%&f@#&fﬁeﬁ&od&if s s d%ﬂe%@i%% édrreShonds

109% X#' & () - 10a#alOa#alOat#ta f (#10% 4T (#10%HXE& () -

f (#10% #| & w(v)th4011{3 ofmmural;m@%ﬁmfi&o@rcs @mwwck#m a(c)cord#n@%bi&h(a) -

S, #10% ' 1096 X# &@é‘g&g SH10% ' & ()-:39yS|[:-410X#. @ 1y#10%#& ()-9S
@1y#100/(zx E@d(%)egnél?ﬁﬁ §MC: 410068 ()- S, #10% @& () -

6, #1096X#& () - &VbAL10X#. S9! 10%& ()- Sl “10% & ()- SL10% & ()-

S 110% & ()- Sf 109 & ()- 10X#10X#5678; CHvU51010% { & ()-, SF 10%{& ()- S
109 { & 2p) - 18210’ AO‘I’nGﬁlﬁ% &r{)accordance with claim 31, wherein step (b)
S@10% & () - HNTZ f /vU5/ Ku 10%{& ()-,10%{& ()-,10%{& ()-,10%{& ()-, 10
W{& ()-,gi KHOE 48 ()-, 10%{& ()-, 10%{& ()-, 10%{& ()-, 10% {

& 10%{ & d10% { &
10((%%{& ()f{{/ Kl(J )Qg;esﬁjisééléﬁ%r}éi%@(}/%{%tgs)%{ﬁé @fg:])xe p}gl/él{% <§f)dat]a0v¢{3{"§‘sé%xé o é;Kug "

A sy headee Za‘é?"””?ﬁ%"’%ri??g’ e e e e U1
, 0S3v 0 0 u 0 0 ' -..1009 ' \Y;
0%{& ()- %bp%%g%fé‘g“edlﬁ%‘{% grhe ?‘% &zré)fm%o&ﬁ‘ f@i&é’_&v%‘ﬁé@@%%{&
1094 { &E0T bA%cfiat) - 10% {& () -, 10% {& () -, dDvUS/ KuQ T0% { & () -, 10% {
&() 10%{{&() D109 (& () -, 10%{& () -, 10%{& ()-,t TavUS/ 109 {& ()-, 10%{ &
()-, 10%{& ()-, 10%{& ()-, 10%{& ()-,/KuQ sS3vU5/ 10% {& () -, 10%{& () -, 10%
(& ()-,10%{& ()-,/KuQ 10% {& ()-, sS3vU5/ 10%{& ()-, 109%{& ()-,10%{& ()-,/
KuQ 10% {& ()-, 10% {& ()-, 0S3vU5/ 109% {& ()-, 10% {& ()-,/KuQ 10% {& ()-, 10%
(& ()-,10%{& ()-, OBVUS/ 10% {& ()-,/KuQ 10% {& ()-,10%{& ()-,10%{& ()-, 10
W{& ()-, /vUs/KuQ 10%{& ()-, 10%{& ()-, 10% {& ()-,10%{& ()-, 10%{& ()-,
dDvU5/ KuQ 109% {& ()-, 10%{& ()-, 10% {& ()-, 10%{& ()-,10% {& ()-, 10%{& ()-
Lt TAvUS/ 10%{ & ()-, 10%{& ()-, 10%{& ()-, 10% {& ()-, 10%{& ()-,/KuQ
| $&(*sS3vUS/ 10% {& () -, 10% {& ()-, 10%{& ()-, 10%{& ()-,/KuQ 10%{& ()-, *,



L10%& ()- f310%& ()- & 10%& ()- ff#10%& ()- Y9! 10%& ()-

. SH10% >[ & ()-yS|[: A410> ,, & 10%& ()- (10%& ()- S9' y#10%& ()-

o 1098 ()- #:110%& ()- F'& 10%& ()-beh| obU410 y 10%& ()-10>10>10>
COMLO%& () - f710%& ()- 1'!110%& ()- fy/z#10%& ()-'ixBQ [:busl0
Y10%-& ()- 9! 10%& ()- )8#100/e>e&() % & ()- 9'10%& ()-

LI.10%& () - Q7TW ngu41o 10%& () - 0%& ()- 10%& ()-

L& 10%-&' ()-IL&I 10%& - DS#10%>& () vv  pW410.  f2#109%& ()- 1 10%& ()-
Sy/ y#10%-&'33 g (. aesardence (VYLth3 cdame J,- wherein ftegou®) () -F
, #1098 () - 1098 ()-10>10>10> Xf 2#10%& R4 [: vU410
0@ * #10%XR! P%M’é%{ ‘i&?@}/%{ SF #1098 () - Sf#109%Q8& () - 9|()10cng/“)-
@LO0%XK () - _n9H |rdecediNal AN 101E-of KAy OF detLKSeHyilaud: () - G 2
10%Q& ()- 19! 10%Q& () - \ @*#10%R' () - | JKNGWAG10Q yz#10% & ()-t
yZH#109%&' () -t $yﬁmﬁfsp yeachy Qﬁib%gpl%u)r afity pdogatg wprdednoapfgcangeowith

R ead ar@?%%“eﬁ%@% é/f@&ﬁl%wﬁédﬁ%g ey P fakdidatd ¢
'110% L& ( YEFCILE8G4 8L s. 10_10 r-& [: @10 __ 4%109%& ()- & X%10% L& ()- &

@#10% ()- : @#10%L& ()- LM I0%L& ()- YZ#L0%L& ()-G| |[: @10
A%10%&. () - & XAHL0% L& ()-& 710%L& ()- &6, 10%L& ()- 191 10%L&()-Y

430" rendho SometAEERAReddinee VRRCHRI Ay uncrBRE NP A spmot R D

93] c"A "’ Deftml $tePacageRtin Qhé)dl% oB th@Pinrof pritdded (MT@epsde@liords
Fz?[fr{(1?HW ox /8GP_hw( 7@XqWs1=I Uan| Qc! % D, - 0172345679:

—>'>| @ﬁ@Fngh)qaquo@nmepg @{hi:yg)nga;;dlgg ffFClp@gl;cwprds to determine a
"HEUR () *+, -

<=2 GBCDER ST S TREBSRETUARNY P FRreelBtian: etriee AvRsitioh aipigach of

RomanAr i al Gplerpieiraligpoh cRadid4tet TFEY cdfewbrdst
| " #$UR' () *+,-.7/0123456789: ;

'<:>?@\BCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ | ~_"abcdef ghi j kIl mopqr st uvwxyz{| } ~
P"H#EUR' () *+,=./0

<=2 @BCDERST IR VRS SR A0S Py P b eRgtein step (@

15 comprises the step determining one of the plurality of correlation
metrics associated with one of the plurality of candidate TFCI

codewords indicates the greatest measure of correlation.

36. A method in accordance with claim 35, wherein step (e) comprises
20 the step of identifying the one of the plurality of data words that
produced the one of the plurality of candidate TFCI codewords, wherein
the one of the plurality of candidate TFCI codewords is associated with
the one of the plurality of correlation metrics indicating the greatest
measure of correlation.
25
37. A method in accordance with claim 36, wherein step (f) comprises
the step of using the one of the plurality of data words and the state of
the bi-orthogonal state indicator to determine the one of the plurality of
TFCI source data words.

30



