WD 03/ 065606 PCT/I1B03/00333 PROCESSOR AND METHOD FOR WEI GHT DETECTION IN A
CLOSED LOOP WCDVA SYSTEM W TH MJUL- TI PATH DI VERSITY 5 Field of the

| nvent i onwoOhe/opFeesent | nvention pertains to processi ng spreadBesp@esy um
signals, and in particular, weight detection for processing CDVA signals
in a rake receiver. 10 Background of the Invention Code division multiple
access (CDMA), and particularly direct sequence CDMVA, is a technique for
spread- spectrum di gital comruni cations used for 15 many applicati ons,
including, for exanple, nobile communications. In direct sequence CDVA
data signal s e Rembrga o fo ST BE RGN0 sr bRt oo Vet TR o
pseudo-random nol se code to forma coded signal for transm ssion. The code
has a frequency (i.e., the chip rate) which nay be a nultiple of the
frequency (i.e., the bit-rate or synbol-rate) of the data signal, so that
an effect of 20 conbining the data signal and the spreading waveformis
that the bit period is divided into snmaller chip periods. At the receiver,
the signal is conmbined with the sanme spreading code to extract the data
signal . SThe techni que provides high data capacity by spreading signal
energy over a w de bandw dth toﬁig£r§§5ﬁwﬁ%§ndmﬁdth utilization and reduce
the effects of narrow band inte | direct sequence CDMA, the
spreadi ng code of the transmtter and receiver should be synchronized

within as little ﬁs one chip .period to achieve reljable connﬁnic tion.
Mil ti path ef f ect SDFRICESHEYRERHORPHATUR PRYCESIES PITPALTRCC LN SENR 5™ %i r el ess

channel frof A Bais, Gefht 8edtRndof HOERLINS T Siendi®h havereener.al  paths
of different channel characteristics which may vary due to the novement 30
of the teception device. In sone CDVMA systens, such as a w deband CDVA

(WCDMA) system and a WCDVA t]@elc%ﬂro%ﬁ@@f@lteilﬁ\%nﬁaﬁt nershi p project (3GPP)
system a cl osed

Code division multiple access (CDMA), and particularly direct sequence

CDMA, is a technique for spread-spectrum digital communications used for

15 many applications, including, for example, mobile communications. In direct
sequence CDMA, data signals are combined with a spreading waveform in the
form of a pseudo-random-noise code to form a coded signal for transmission.
The code has a frequency (i.e., the chip rate) which may be a multiple of the
frequency (i.e., the bit-rate or symbol-rate) of the data signal, so that an effect of

20 combining the data signal and the spreading waveform is that the bit period is
divided into smaller chip periods. At the receiver, the signal is combined with
the same spreading code to extract the data signal. The technique provides high
data capacity by spreading signal energy over a wide bandwidth to increase
bandwidth utilization and reduce the effects of narrow-band interference. In

25  direct sequence CDMA, the spreading code of the transmitter and receiver
should be synchronized within as little as one chip period to achieve reliable
communication. Multipath effects make synchronization more difficult since the
wireless channel from a base station to a reception device may have several
paths of different channel characteristics which may vary due to the movement

30 of the reception device.

In some CDMA systems, such as a wideband CDMA (WCDMA) system

and a WCDMA third generation partnership project (3GPP) system, a closed
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CONFI RVATI ON COPY WD 03/ 065606 PCT/1B03/00333 | oop diversity node may be

i npl emented in which a base station uses two or nore antennas to transmt
to a nobiwe mweewiver. To i nprove reception of the CDVA sipgmaBes/00a33f eedback
mechani sm has been enpl oyed by the nobile receiver. The receiver may send
the transmtter feedback bits to indicate to the 5 transmtter to adjust or
change the phase and/or anplitude conponents of the diversity node
signals. This feedback nechanismallows the transmtter to select weights
suited to the condition and propagation characteristics of the channel

bet ween the base statiaon and t.he nobile receiver. This also allows the

mobi | e  r ed8PR/EVEESEY quP%dqu@pm%eﬁingH%&a F?Feé&%flﬁﬁsﬁsg”{%"er nul ti pat h

conponent s 19frcLfichh tb WeBEMR & h@BAL reckivet. Tosi dreegitvadfgaer can be
maxi m zed. One problem however, is that the eeggack ch ﬁnel i s not

al ways r el iGBMA sgnalhatfeedhachaieghpmism h%ﬁ_&Fe’é;@n]lPHé’e : é’éh%’tné_ ©n may be
different Aok ahele (08VARLY SnliFClNRInikeE folIbRACHINE indiB4ee grRMal C

bet ween wei'ghs fesults i h a reéluctlon In performance. Unfortunately, there
is no way fioamsmiteer hoadjiie or ebaige dhe plask awliondmeplitedrecormancais Pttt er does not
recei ve the,feedback i.nfaormatipn., T. i I opr oved
recei ver arfl’ %@85‘? 8@&%@1’\% Pee%té Cgc elc%%ﬁg ﬁ%a@vé/gltﬂsée[ga%g%ﬂ{aer?%%%g@or a

recei ver angleigkt Boitbdft0 therainditondet @espagatiorsthiataatdriatiéoof the ehdnmelc| osed | oop

di versity node comuni catj on ste i ncl udin st . 20 Brief
Descri pti orPeveqnibe Rsgwatigs ﬁ‘qlﬁﬁlﬁrle‘é‘ﬂ"?rshﬁgiaﬁpgﬁogﬁ?lyw{e’lﬁ?eparti cularity
in the appepdade g #ifk the HAYRY eighls MbMbaAAPIRIBuIUPEAICEIPOaiMgon! t he
present invention may be 25 derived g‘i/ referring to the detai {}\){eﬁg}3

ein like

descri pii orthoiwsaived sighaleredis Wasctsagized POFEr AR PR MIFENIZEE (PRSP
reference ’We%f iibtﬁLtet egé%dﬁédigéhﬁftinéltiseﬁﬂ% al Jr}/%?a%% thient W@ighes and: FIG
1 is a functional oc l'agram of a portion of a receiver in

used by the base station may be different than what the mobile receiver is

expecting. This mismatch between weighs results in a reduction in performance.
Unfortunately, there is no way for the mobile receiver to know when the
15  transmitter does not receive the feedback information.

Thus there is a need for an improved receiver and method for weight
detection. There is also a need for a receiver and method for weight detection
suitable for use in closed loop diversity mode communication systems, including
WCDMA systems.

20

Brief Description of the Drawings

The invention is pointed out with particularity in the appended claims.
However, a more complete understanding of the present invention may be
25  derived by referring to the detailed description when considered in connection
with the figures, wherein like reference numbers refer to similar items
throughout the figures and:
FIG. 1 is a functional block diagram of a portion of a receiver in

accordance with an embodiment of the present invention;
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accordance wth an enbodi nent of the present invention; 2 WO 03/ 065606
PCT/1B03/00333 FIG 2 illustrates a trellis for use in weigh set detection
i n accor dapmg/oeicdhr an enbodi nent of the present inventionPCANHOFIGE3 3 is a
flow chart of a weight detection procedure in accordance with an

enbodi nent of the present invention. 5 Detailed Description The description
set out herein illustrates the various enbodi nents of the invention and
such description is not intended to be construed as limting in any 10
manner. FIG 1 is a functional block diagramof a portion of a receiver in

accordance with an enhodi nent of the present invention. Receiver 100 may be
part of a one-\/\a@%rﬂﬁb\ﬂ%? w ]E’i%ﬂg]aé‘?;i e I pCGACaes exanpl e, a

Wi rel ess t el #RYRBRboGintePoMBY pfasiitGnvedlioR dndcei ver that is part of end user
equi pnment. Receiver 100, anong ot her things, despreads spread-spectrum 15

signals. In a WIVA3dapdlermbart of eercighicietection psedige 8t #rsprdanssiyEh despr eads
dedi cated p ] . Eﬁ[}qﬁ \A{Wgh apply a two-1ayered code structure

t hat i ncl udge}ga{éﬁﬁgrntg ogonéaq%sseprea |ﬁr%ycode and pseudo-random scranbl i ng
codes. Spreading is perfornmed using channelization codes which transforma
data synbol into a nunber of chi psrf %@He?bi ncrease t he bandw dth of the
signal to 20 create a spread-spect i : t hogonal ity between the

di fferent spreading codes nay be achieved by tree-structured orthogonal
codes. Spreadi ng_codes for exanple,. i n¢l ude Gol d cpdes | sh codes,
Hadamard codes, Oft HEGERRAT Setl%l‘f‘tirﬁgfﬁl%ﬂgg%%tﬁﬂﬁﬁd’apﬁﬁ%fgbc(c%yggf° hnel i zati on
codes and/ of vt and SAMEAGEESptionIs haitdnaed fostesonsRedR Insiadg if afy exanpl e,

for cell separation in theglz%ml i nk 25 and user separation 1n the uplink.
Recei vel0 10@apney. HE. dus 8 Apicionad blockinggars of @ portiai Hggeceddn pt  of

o anal s, " anis il fh B pABLMCADr Eop SRR ftoll RBiveF ey bel 595 COM
, gnal s.
part of a one-way or two-way communication device, such as, for example, a
wireless telephone, a two-way radio,' or areceiver that is part of end user
equipment. Receiver 100, among other things, despreads spread-spectrum
15  signals. In a WCDMA embodiment, receiver 100, among other things, despreads
dedicated physical channels. WCDMA may apply a two-layered code structure
that includes an orthogonal spreading code and pseudo-random scrambling
codes. Spreading is performed using channelization codes which transform a
data symbol into a number of chips which increase the bandwidth of the signal to
20  create a spread-spectrum signal. Orthogonality between the different spreading
codes may be achieved by tree-structured orthogonal codes. Spreading codes for
example, may include Gold codes, Walsh codes, Hadamard codes, orthogonal
variable spreading factor (OVSF) channelization codes and/or other sequences.
Scrambling codes may be used, for example, for cell separation in the downlink
25  and user separation in the uplink. Receiver 100 may be suitable for, among other
things, receipt of spread-spectrum signals including, for example, WCDMA
signals, IS-95 CDMA signals, and other direct sequence CDMA signals.

Physical channels have a spreading factor which corresponds with a bit-

rate and are made up of radio frames and time-slots. In accordance with a
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Physi cal channel s have a spreadi ng factor which correspond i i

rate and are nmade up of radio franmes and tinme-slots. Ilr[: acio\er;Ecg \?\Hh a3
WO 03/ 0658063/063h0d BO3/ 00333 WCDMA enbodi nent of the presect/IBosv®si3 on, the
length of a frame, for exanple, may be 10 ms and a frame nmay include 1"or
exanple, 15 tine-slots. Each tinme-slot has fields containing bits. The
nunber of bits per time-slot may depend on the spreading factor and the
slot format of the physical channel. 5 Receiver 100 includes antenna 102 to
receive spread spectrumsignals and despreaders 104 to despread the

recei ved spread spectrumsignals with appropriate spreading codes. The

spr eadi ng Womeg Anaybddémentpittiecatetsnt iwvertions Bie lengdl obp aBCf%er 100. Recei ver

100 al so includes rake receive ! it i
conponent XgfP qa@ay;géio\}gaa@/%%gﬂig%ﬁg’? ﬂ&ﬁmg%g%ﬁgﬁpgé\gpgg%% i%b%ynglrt)::ggfsgr
106. Processakinidiot Rl flsl@sconemengbitd. (The muorpat obitsnentigie-defiBd¥%f  which are

illustrated in FIG 1. Software b ed 10 i es

. ( sor 106

i npl ement depedon thespreAws é?t%‘i@ﬁftg‘? glﬁﬁf? a%)%fatﬁggfl%%e&?n:%}slﬁ%?f pr ocressor 1%)8
may ingl ude pil QL. HRANNEInJIRRS titefRNT02Eb eemirte shidd sfedivpasiguale hannel
measur enent el enent 112, weight selectiaon el Srrent 114 cs cal cul ation

1|5 el ementantii@®spreedayhiO4jtor despricaththeiresreysd spiss éﬂfc’ft‘&'ﬁbﬂglé?ﬁg%vgh cal cul ation
el ement 120, A0 GHENANERE ORR Blcalifie BRASARY bé By by piaesot 1imited in

this respetProRL}{tesH ve enmbodi nents, functi onal
_ ! [ : , el ement s _of
106 may i npddustarecdiaerd\0ar Receinct 600 elise inshirdss take ipesi Y R hQyWst i40dy fﬁ;gtc iezflg.r

Processor 106 .na be .a digital si [ ; i i
cof twar e, GBmRe rovpaiReE At e O B rae R SR G PO ant 110
My  MRAS UhPpfddadsee 1 6. Pddessor 406 inchelee sevedh] fiationaledements, sy@eght sel ecti on

el ement 114 determ nes _appropriate channel i ght -

Ipr edet er mi Wwhith anBRREredE! gﬁ 1 E?@W?TS %@'nlﬂes‘és\gg 6@ c@h@ﬁ%ﬁé%@e@ ggg egf at

east on pj 1&Eé}{mﬁése RS LIRS, PMdtiikl dehentsobproebsoetit 114 nmay

generate feedback, such as 25 one or npre f?leod%ag.k bi, t transmt back
e

to the tramsyiindlidmpibyd shamgchricgsyrement element icated ¢ dnntef)
measurement element 112, weight selection element 114, metrics calculation

15 element 116, weight detection element 118 and chammel tap calculation element
120, although the scope of the present invention is not limited in this respect. In
alternative embodiments, functional elements of processor 106 may include
hardware and/or elements for performing similar functions. Processor 106 may
be a digital signal processor (DSP) configured with software.

20 In 2 WCDMA embodiment, pilot channel measurement element 110 may
measure characteristics of a received pilot channel. Weight selection element
114 determines appropriate channel weight-sets from a group of predetermined
channel weight-sets to be used by the transmitter based at least on pilot channel
measurements. Weight selection element 114 may generate feedback, such as

25  one or more feedback bits, to transmit back to the transmitting base station
which may be used by the transmitting base station in transmitting signals to
receiver 100. The feedback may instruct the transmitting base station to select a

particular weight-set to use in transmitting a subsequent time-slot. The feedback
may also instruct the base station how to change characteristics such as, for
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whi ch may be used by the transmtting base station in transmtting signals
to receiver 100. The feedback may instruct the transmtting base station
to sel ectwe 03p6i6dé cul ar wei ght-set to use in transm tti ngPaTdBim®GIseNt
time-slot. The feedback may also instruct the base station how to change
characteristics such as, for 4 WO 03/ 065606 PCT/|1B03/00333 exanple, phase
and anplitude, of a subsequent tine-slot of the dedicated channel being
transmitted in a diversity node to receiver 100. Dedi cated channel
measurenent el ement 112 neasures characteristics of a time-slot of a
channel to determ ne a channel estimation. In a WCDVA 5 gﬁodi ment ,

dedi cat ed e;l’eampie,lplmalsﬂrmmldqwéwmsewtW?'S?fﬁié’émeélefﬁqa symbol s of a
current ti t . of e DPCH) to determne the
current ch%@?lq?éqgm f%ﬁe&%h (ﬂv afgtgg%fogl]t%?égg@rrleogsur ed may  include, for
exanpl e, phase B!édmatféﬁlchhruf%mﬁsmdsmemebmenedlbmmﬁt@amifélﬂl@l(ﬁnal s. 10
Metrics cal cul ation, el enent 6 cal cu] at e f wei ght - set

that may haligendelPachgny t?%éﬁ@?ﬁ“f’?lh at[mﬁ at°W¥ % e channel . In
one enmbodiBRkimdhh Ae8ichRY cﬁmpmmusdnmeenmnt hli.’rlaammeghtre pidets that may
have been used in'transmtting the diver bgnabzlalt_@g?%he current
time-slot. symbcplhpéa C@ﬁﬁédﬂ%ﬁf’t ofpeedljcated Slﬁ%llc %ach of these

predeter m ﬁgt(gn alaiel'\@ﬁﬁlbﬁén ok GHhAb AR B InenRited kk§ May use a
trellis algorl m oca ate metrics for the wejght-set and may base
t hese netr imdudenfa empl@rplmmambmb]atbﬁq? pf e T%Pelweﬁlélh‘éqrﬁyo‘irio%r obability and a

prior metric for a weight-set. The measurenent probability may be the
probabi | i t j18A5t a base station used a set of weights to transnit the
currentotine- sl Metﬁ%@dc@imdrﬂa&hemnw haicu]la@aneeltn@sﬁor pachi weiglitrsén 20 el enent

112. The transition probability ma ro t i ght-set was
changed fr@%ﬁtalﬁﬂrha&?gﬁ%}‘@q@ 1%g¥n %/’élﬁglﬁtég‘ \ﬁ,gacl t ?Jw& Iptr%a}ré]\gm tting the
tine-slot. %m%dfxﬁél@sth&ﬂe%y%&ﬁﬁﬂélsmtém drSndiaﬁfeig}ﬁiseﬂsemnnMaae pednor wei ght

sel ection ment 114." The pri.or rTFtI‘IC for the Y\g]%% set may be the
netric ass(msuh]mgcansmlttmg the dlver51ty signals for the current time-slo

embodiment, metrics are calculated for each of these predetermined weight-sets.

15  Maetrics calculation element 116 may use a trellis algorithm to calculate metrics
for the weight-sets, and may base these metrics on a measurement probability, a
transition probability and a prior metric for a weight-set. The measurement
probability may be the probability that a base station used a set of weights to
transmit the current time-slot based at least on the channel estimation from

20  element 112. The transition probability may be a probability that a weight-set
was changed from a prior weight-set to another weight-set in transmitting the
time-slot. The transition probability is based at least on a prior weight selection
by element 114. The prior metric for the weight-set may be the metric associated
with a prior weight-set coupled by a branch in the trellis. The transition

25 probabiﬁty, measurement probability and prior metric may be combined to
determine metrics for each weight-set for the current time-slot. This is explained

in more detail below.



with a prior weight-set coupled by a branch in the trellis. The iti

25 probability, neasurement probability and prior netric nmay be Egﬁgfh;ho?o
det er m newomB/06386 f or each weight-set for the current timPc3IBe3/00338 s is
explained in nore detail below. 5 WO 03/065606 PCT/1B03/00333 Weight
detection element 118 selects the weight-set having the greatest metric and
supplies it to channel tap calculation elenent 120 for use in generation
channel taps for use by rake receiver 108. In at |east one enbodi ment
receiver 100 may be suitable for operating in 5 accordance with a V\CDI\/A
3GPP standards systemthat inplements a closed- |oop diversity nmode in

\th ch tlh_et bgseﬁefghtdatemmmw h1§isnlgctw1@fsnghbﬁéha‘éiﬁg&ﬁﬁeaté%d the phase
and anplitude. difference be e : rm ned

T part, YRR GGy R s PR E by ek bk
channel . | Bedchgion chameLiape idruse bgcaiorecciddd0Ray i npl enent, anong 10 ot her

things, two processes related.to wei ght | ection,: i Helg i
i s perfornmed bylmwilepst O%ee?l%l&qquﬁﬁmée&%é@ﬁﬁﬁ)l%?yi%% ata %efgﬁ \l}\}é??%thﬂ _122? st E)rvmulsgh

by the < ba i i it i : ;
He 5 &otdaald @fniaWODMAMGRE &endardsi systesi thit infplanattaaclobedand
provi ded tar ougaa1 a feedback channel. Thesvgecond op cess, which i sI >

perLf)r medf mppaliemsitmodein, whighs theibpse stafen tr"!’P:"?mit?Gl,Si%r& PETEOLC the reliability
probl em o Fli%@%ba‘égﬁﬁ‘ ggegglagé;ﬁﬁ:%h%ﬁﬂ@e i8S bétReeiflettenhiemupbght s that nmay

have act ua _ _ ase station in transmtting a current
ti nme-sl ot . ddeimsinpd, @t ast impgrtpley feadleagk arovidasdty amolile FPARINET VB4t i mat i ons

derived frogmpilot s s of i GRS, il
as the cong‘?eﬁg%sc&’ﬁ{@egméﬁ%?ﬁﬁg} O?%@%&gﬁ?s pr (I%%:’ng eﬁngag{,gﬁ%ggggaﬂ?ﬂ i igCh
s\gfg‘r’]\’teé@Prg%ﬂ&ﬁﬁﬁﬁés,efﬁbvd)yrobébﬁesrﬁmd/leméighttsblecﬁdrr. The pirsipeersss, Bdiduse t he

_ y change for each tinme-sl ot e recei |
wei ght s f ons pastasimgd by we1ght é?lfcuroﬁl iﬂp?itém&ﬁ{eﬁérﬁ%gé%%&gﬁogﬁfﬁ%P?nget |t Egt i ons
are used t%a&es@zﬁfoﬁtiﬁltrlaﬁsrﬁﬁﬁ StitnBalot b8 h kkainel Hiel ippabaddd thtopghkat a certain

wei ght-set was actually used in
feedback channel.

The second process, which is performed by elements 112, 116, 118, and

15 120, addresses the reliability problem of the feedback channel and is used to
detect the weights that may have actually been used by the base station in
transmitting a current time-slot. This process may be based at least on a channel
estimations derived from pilot symbols of a dedicated channel and a pilot
channel such as the continuous pilot channel (CPICH). This process may also

20 utilize the weights selected by the receiver in the first process. Because the
weights may change for each time-slot, the receiver may estimate the weights for
every time-slot. In this embodiment, the channel estimations are used to generate
a metric that reflect the probability that a certain weight-set was actually used in
transmitting a time-slot of a channel. This metric, referred to as a measurement

25  probability, depends on the channel estimations of the current time-slot tested for
each of the weight-sets that could have been used, and does not depend on the
feedback information provided to the transmitter.

Because the actual weight-set used may have been affected by the

feedback channel over a period of a few time-slots, the feedback generated at
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transmtting a tine-slot of a channel. This netric, referred to as a
nmeasur enent 25 probability, depends on the channel estimtions of the
current twom3sbssbetested for each of the weight-sets thatCraBoaobisve been
used, and does not depend on the feedback information provided to the
transmtter. Because the actual weight-set used may have been affected by
the feedback channel over a period of a few tine-slots, the feedback
generated at 6 WD 03/065606 PCT/|1B03/00333 each tine-slot has an effect
that may | ast over several subsequent tinme-slots. The present invention,
in at |east one enbodi nent, inplenents a smart detectiagn of th WEI ght - set
used by t heachrianssiot hasmnfefiect that oy lestriiver paverad peseqsmhimeiRihg "ot her

t hings, information.from i for

exanpl e,  BrEsEt FHEnEPY A7 Fﬁﬁ?ﬁ?f’ﬁe ) I%O(ﬁ }elis argélgﬁfegﬁ S S%l &gﬁu&mﬁsﬁh a

convent i ongle wdightl debuseti @91thé ﬁﬂzmslrﬁttérrfer ﬁhelcagtelassmzslat @&jn@mamnghe eval uati on

f f t |t Thi h t |
Ceaquir o5 SpeT IgRaEREITEHR fom BT OR AT TP TR AR - ol ot

whi ch npkeg ddo ah%ﬁﬁhﬂ?ﬁdth?&@ll& used. @ﬂbq;rbmenmmaomnmlmmsces The
present |nvent| In at | éast one enbodi 10.use a trellis

al gor i t hm wigbtithmo isshgdelay assaeiated valh thﬂiegﬁlB"?‘t}PIH Orfn%}fgﬁﬁ?t?%o‘fef §H ™ evi ous
tine-slots._.is goll i GRnt gl ot accordin
o o hi gheglfn - %t ﬁn§ e e/@ﬂti é)ﬁg%\dcﬁ t@{icaﬂ 1ER s @torRGH nidnitey g

ci sions may be made w t hout
subst ant i allargehayusnod dmla;foﬂihesl%tﬁedslats Wizigls malses i¢ lpss é@ﬁﬂfab erfpr @pptle
measurenments and his

or ti theytrellis
al gorithm Fﬂ@%tl%é‘i‘%geﬁbﬁ"ﬁﬂ?s b IE U&{ (?ljie%rlgérzsl'gl 5%%&%??%%63& gf}{t det ecti on
and Ch@@@ﬁu&*@%@ﬂlﬂd%@on‘ﬂﬁh@h&noObegrﬁﬁ&an@delup Hiswug mforetiohffeemt of such an
error. FIG 2 illustrates a tr

i,s for.use in t .detection in
accor dance Prepious tipe-gatsdaronsste %@‘Pdtalﬁ]@‘ﬁlrogé%ﬁl@d? %@%l? fllsél% S elTis 200 may be
used to hel b hZBedthR dORRERS. IARBordirgl g detisioas gay bt mmadeseathouh t he
cal cul ati or?g%fraﬁrrlgtﬂr%cgg%gnd 20 wei ght set ggiﬁt ection for a receiver portion,

such as recebsatial day Exwbhnaybelbaspdat least opHERtd R Blof BEPREHRAHES wi t h one
time-siot Zélgg h&srt]or?%ggﬁ&ctﬁng-fslorté. BGrtRdrBiote, 48trellis algorithm includes an

15  ability to detect errors in prior weight detection and change subsequent weight

detection to reduce the effect of such an error.

FIG. 2 illustrates a trellis for use in weigh set detection in accordance
with an embodiment of the present invention. Trellis 200 may be used to help
visualize the operation a trellis algorithm used in the calculation of metrics and

20  weight-set detection for a receiver portion, such as receiver 100. Each node 202
of trellis 200 corresponds with one time-slot 208 in sequence of time-slots 209
and one weight-set 206 of group of predetermined weight-sets 210. Branches
204 couple one node of a prior time-slot with more than one node of the next
time-slot. Each row of nodes is associated with a particular one of the weight-

25  sets, and each column is associated with one particular time-slot. Each node 202
may have a node metric associated therewith, and each branch 204 may have a
branch metric associated therewith. The branch metrics may be calculated from
the measurement probability and the transition probability. A node metric is the

highest of the metrics selected from the combination of a branch metric of a
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and one wei ght-set 206 of group of predeterm ned weight-sets 210. Branches
204 coupl e one node of a prior tinme-slot with nore than one node of the
next ti M&OIBO6GI60Each row of nodes is associated with a pacmiiBed/@s3one of
t he weight 25 sets, and each colum is associated with one particul ar
tinme-slot. Each node 202 may have a node netric associated therewith, and
each branch 204 may have a branch netric associated therewith. The branch
metrics may be cal culated from the nmeasurenent probability and the
transition probability. A node netric is the highest of the netrics

sel ected fromthe conbination of a branch netric of a 7 V\Dggl 065606

PCT/ | BO3/ 0§133& tohhanede with theaodedstnv efithe paoinde whieh iscogpled R prior node

whi ch is coupl ed th rticular : B A8y AREes st ri c may
be cal cul a%@aﬁvu%m%@“' or Al arre%‘feir}fcigpgﬁﬁ%,e pr%¥%no e netric. Because
there i s Mg MeRicad endlranebds metric. Because teveisahorn due anstbrane tfay be

cal cul at ed, however the highest qf the veral .n hcS is selected
as the nodeneds severalapdams mﬁ%caﬁ%ag@ds,%\gev% eglﬁgb%g:o“é%rrespondi ng
wth the n?e@%{a%ﬁ@&e hesict heseltic#has theXodanhetiO @ apRitiduta notlerTitche nodes

associ ated w a particular tinme-slot may be ,uggsd gﬁ ﬂe erate channel
taps for teighake comesiondingfah thaapds thaghas the highest oLl BRASBENICS o history

fromprior tife.s O{a%so'gﬁteﬁ% 4 aﬂ@ﬁl%ﬁ@-@lo%\%&%e%é&td‘ et Ur r ent

time- sl ot, FEHHY° drren asurements. Weén a node for a tine-slot is
sel ect ed t Bainnblagpfor lireankdretaver foothet Hmleestated to the prior time- slot, the
al gorithm may have detected. apn error i ] i LY Q@I§gen wei ght s.
Since there isn Cﬁﬁgﬁs?félt %g)l,qu%goglr}?%ér}tfrlgee?llgfsq%{é%igct 8%, however a wi ser
deci si gy iysighRd@r Wichieithend bt ehgiwifonment measuidnents When 2001 | | ustr at es

an enbodi nent” hayi ng. two branches between a node of a.prior . tinme-slot and
nodes of afqr@étm?-is}r?glssﬂek?ﬁedlﬂi‘?tthﬁ? Qo EW‘S@HP%WJ% Sfﬁgtedft%g%ﬁ;zggoﬁt aeggvm' dth may
o ol ac ol bl AaP LB SRS rbr W TR Tovibusi e veihss for

parti cul ar pr t. System requirerre%ié1 and transmtter
(8]

restrai nt s Sirey thdrs tsndeneshrdetey, theeser fsgrgt CPEEh WERT Y S isbYhent |

is made with the current information.

15 Trellis 200 illustrates an embodiment having two branches between a
node of a prior time-slot and nodes of a next time-slot. In this embodiment, the
feedback bandwidth may restrict a transition to a predetermined number of
weight-sets for a particular prior weight-set. System requirements and
transmitter restraints may also determine these restrictions. In this embodiment,

20  there may be a limited number of weight-sets that a transmitter may use for a
next time slot which are reflected by the branches in the trellis. Other
embodiments may include more than two such branches.

The trellis algorithm which may be implemented by one or more
embodiments of the present invention differs from convention trellis algorithms

25  in several aspects. For example, unlike a conventional trellis algorithm, a metric
associated with the resulting node is utilized rather than transitions between
nodes. Additionally, unlike convention trellis algorithms, once the metrics for a
particular time-slot are calculated, a decision for that time-slot may be made and

therefore there is virtually no delay. Furthermore, unlike conventional trellis

8



20 there may be a limted nunber of weight-sets that a transmitter may use
for a next tine slot which are reflected by the branches in the trellis.
Q her ermvodBiewsde may i ncl ude nore than two such branche®CTHR@/@083 | i s

al gorithm whi ch may be inplemented by one or nore enbodinents of the
present invention differs fromconvention trellis algorithnms 25 in several
aspects. For exanple, unlike a conventional trellis algorithm a netric
associated with the resulting node is utilized rather than transitions

bet ween nodes. Additionally, unlike convention trellis algorithnms, once
the netrics for a particular tinme-slot are calculate decj sion for that

d
time-slot miprifensmdenamath themehiles weliipndees nof regnfidnappde hayiyeibgy
Furt her nor unl i ke vent i |4 : | BO3/ 00333
al gorit hrrs?li%éﬁn%nﬁgé)pha &?ﬁ%‘ﬁ%}ﬁl’?ﬁéﬁt’%ﬂriﬁ? y\ggggﬁ%&é ﬂrﬁgg E(I%ylti n _a node
havi ng t he inshingbie sllowetheistarfafra rmewpeath throhghr the tneHisdyselectinpthemerde i s

al gorithm of the present inventiaqn all t . pat h t hrough
the trelli glawgéléelolggﬁ?%alefrffei%ﬁgﬁglmﬁgleﬁ\r%ccﬁ{@n%%’%ee& x rlrlgﬁfg‘g{t for the
time-slot. défé@ﬁ’érﬂhﬂgfb)é cobct@l Wwhen ihereneieghtghSendmgyeo tdeent itEhebmpedr r ect ed
when there i s enoug energy to detect_ it gFHe %ﬁig%?cch oft thf error in

wei ght det of thegmraran siegghit Aetestion 1§ sigafisandly wedge &8 "CHAUe  further
t hrough th?u%ﬁé?'tﬂu’oﬁ 1 bRl hdfes. mBReaY 8Bhveaoh krellisiaseonitgn) bdchnse thepatise t he
path through the tge is 1s not used, there is no reﬁson tQ reconstruct

the path whileoughthedrallis isinat wisdgthereds np reesenie tesonshiyeg thepahw di ments of
the present_inventi 0 nay - utihi : Vet SRabnttifi®dntibg al gorithm
havi ng nor §"GEH ;1@?@1%@&%%{152151%141%5\?1&%5@;0%}&%?%%& del'% elct inoln pr ocedur e
i n accqpdanesy wiliZe a iaoreeshoditionaltirediis 4lperithmdweing moreaietayon. Al t hough the

coparat 6 oper at 1BRea 15 £ TGNGHRG ob " chL Seror il PoRa hf e AR RN, O 1Y

separ at e oper at one or nore of the individual

oper ati ons gxawhe dpasdier mRbrdentianeitione AlthyughHhe ifdvidusetpeiatignneCessari | y
requires that the operations be erforped in {he order L%h' ulstbrat ed.
Procedur e m@@&t%ﬂ%safﬁﬂmff@tﬁ@ andfescHbersas SeRFaCARSTATORY thifeH

4t h
noted that one or more of the individual operations may be performed

15  concurrently. Further, nothing necessarily requires that the operations be
performed in the order illustrated.

Procedure 300 detects a weight-set to use for combining multipath
signals in a rake receiver. After the signals have been despread, the weights of
the selected weight-set may be used in the rake receiver to calculate channel taps

20  for a current time-slot. Procedure 300 may increase the probability of detecting
the same weight-set used by the base station in transmitting the current time-slot.
Each weight of a weight-set, for example, may have a phase and magnitude
component, and each weight-set may have at least two weights. The weight-sets
may correspond with the diversity mode signals transmitted by a base station.

25  Although procedure 300 is described for weight-sets having two weights,
procedure 300 is equally applicable to more than two weight-sets, for example,
when a base station transmits more than two diversity mode signals. In one
embodiment, procedure 300 may utilize a trellis algorithm to help select a

weight-set from a group of predetermined weight-sets.
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signals in a rake receiver. After the signals have been despread, the

wei ghts of the selected weight-set nay be used in the rake receiver to

cal cul at evotvamessbs t aps 20 for a current tine-slot. ProcediCe/18a&M003sy
increase the probability of detecting the same weight-set used by the base
station in transmtting the current tine-slot. Each weight of a

wei ght -set, for exanple, may have a phase and magnitude conponent, and
each weight-set may have at |east two weights. The weight-sets nmay
correspond with the diversity node signals transmtted by a base station.

25 Al though procedure 300 is described f.or wei ght-set Q in wei ght s,
procedure 300 |Qpemm&nl392apﬁ@$qrésa®1aéa°ﬁ%lsﬁﬁ’?‘éf%%§¥?nfRﬁlev&lﬂ é’\ﬁlfwg WP f or

exanpl e, | ﬁg](g%g?mg%%\%r tt%flz%n%@l dstifHARBhd ?rn QIW EDMARNIHBinttnY,&pstativn mode

si gnal s. procedure may utilize a trellls al gorithm
to hel p seBozZinag mmu@hﬁ}osmﬁdsmﬂ acmmupmfslqilfﬁ@éiﬁéhcﬁﬁeﬁ@liy% ght-sets. 9

VD 03/ 065600 Pﬂ/'%fgﬁgm 33, Qperatl on 397 IBASHERSEPRRAREET | SUics of a

gurrent ti FRange n R PR he current. channel estinmations. In
deBRBiR th® Burr ©d4ray] eseamtipes. Aihk charsgtatissi
tlrreslot g Glgﬁtg e V ol gtabgtics of a current

i cat ed physi cal nne i 1ot channel such
as the conmieasiad msiyIiBeluds AT FspmB] %EQ‘? éfl%ngg’ta)gPﬁﬂ’r?ereﬁ%e dgurrent channel
estimti Onﬁlve}!}ﬁrlﬁﬁ gﬁﬁé’l stics nmeasured nmay include, for exanple, phase
and anplitude o elved diversity mde signals. Cg ratlgn 304

us

determnes a pr mmgqm%mtd@mmmea agEobebiiey et Sath oD ghts to
S e ured t |
S ISPy néﬂg 8‘% a{;ecpﬁﬁlg %lcﬂtbaéeﬁ% tleagtnorf e cehaRnel 10

estimti oné”eé$ exanpl e, a base station may have used one
of a QOed%E@lha‘ﬂlclﬁde)fmpBﬂaabn 862.\Wei gmmpie,t%basg statigms1aythage IeHONg 06 of

channel in djversi ation m S
one of si DI W%‘S@ﬁgﬁf"&gg{ W%ﬁ&aﬁgﬁgg?gn elE:ﬁrlatl on SOZ lr:as
cal cul ate t(ﬂ/e?m RB8adith htwCDMA eh®opingshe tcase Btadommagruse eat&f based at | east

on the channel 15 estimations_from opera
oper ation mztegew@l;gm—@s for time-slot transm ssmnt 8&&&(9112 304‘1 may ca cula%"qflqs

probability for the predetermined weight-sets based at least on the channel

15  estimations from operation 302. In other words, operation 304 generates a
probability that a particular weight-set may have been actually used in
transmitting symbols received during the time-slot. The probability determined
in operation 304 may be referred to as a measurement probability. Each weight-
set may be represented by rows of nodes on a trellis and time-slots may be

20  represented as columns of nodes on the trellis.

Operation 306 determines a probability that a weight-set was changed
from a prior weight-set to a current weight-set in transmitting the current time-
slot. This probability, may be referred to as a transition probability, and may be
based at least on previous feedback (e.g., one or more feedback bits) from the

75  receiver to the transmitter. In an embodiment where a base station may have a
predetermined number of weight-sets to use for transmitting the time-slot,
operation 306 determines a probability of a transition for each weight-set. In one
embodiment of the present invention, the receiver may have provided feedback

to the transmitting base station to indicate to the base station to change the
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probability that a particul ar weight-set may have been actually used in
transmtting synbols received during the tinme-slot. The probability

det er m newoO Br6wper ati on 304 may be referred to as a nmeas®CETBIR00333
probability. Each weight- set may be represented by rows of nodes on a
trellis and time-slots may be 20 represented as col ums of nodes on the
trellis. Operation 306 determ nes a probability that a wei ght-set was
changed froma prior weight-set to a current weight-set in transmtting
the current time- slot. This probability, may be referred to as a
transition probability, and may be based at |east. o revi ous feedback
(e.g., oneweightvstdorf teandimditiRg Bittssquent Wtshés-i]?)tm%@@b?/‘g?%{l%%%ehe transmitter.

I n an enbodi nent, where a i 4 pasdetige M ned nunber of
wei ght -set@aqs@lﬁ?én?%ﬁe Fr%%ﬁ%@%%%&@ ﬁgg%[ isgrrlglégslegta} “oper ation 306

det er mi nespRyRugaked ielphdtetantatimmsiarinn Waghtestrseddn GRISTENE A n one

enbodi nent” of the present inventi.o he.. I provi ded
f eedback Pléo&tﬁéeisﬁéﬁkaﬁﬁr?sct’il éheo‘gglgﬂféﬁegf) P%Ar;{%t& gét;{%g? Egétﬁe&?%?%rhe base station

to change {he 10 \0n03hP&REI6cIREH/ B0 FaBaxameleght pwdebilitmey ansmi t ti ng

subsequent tine-slots. In this enbodi nent, . the transm,tt .
rest ri ct edbe¢ bighehatdhatrogsmytier-asiialdy § e&‘telgtl’é'égttre%lf‘?s{pﬂi’y%%? %\?i&(‘)’glgl y used

wei ght-set. |0 of YeLah! mrab uifdidbility fnrtan siibddkng a  pri or
time-slot %VS e ?ﬂ{t@t\éq%%gadv\gpght-set options that %%ge bﬁen Jﬁsed for 5
transnitti oigarinbk teuramsmitter maydwive et propeelsteseivedie festhagli BOMMAE pr obability

may be high that e transm tten | Laendehglitget requested by
the recei véffce“"leﬁal?cL@]ﬁ&ﬁ%eéve{Sa%élozbfegg}g@ei%tﬁ%%ver, due to unreliability in

the fegg baﬁ&uamﬂawa.eiﬂor ¢xagple; dnstui idoe chanayl dnadigionstthp rapariityr Patei ved t he
feedback fromthe recejver and the receiyer ure of what

wei ght - set h@Y@nQ’frfé‘i?éYﬁdttil%?eeigacg&]?%gfalsﬂcwgl .senqlégp t%)%lg(r:régﬁ%r;s due to poor
channel CO?QJCB{ y, it G 0b4i BB Tt HicakarBRter haagehavo uscdoweihee weight stteedback

t hat was actua Sent ‘b

the receiver. Accordingly, it I ossi bl e that
the transmiotites thamethe Waight-gefsenugpse ¥ Ithq,ggpedmr_tg gzlangg%( ths rtlr{lﬁ-glrc])e the wei ght - set
request ed lypetraﬁ%nrﬁ)%eéa}/c%[atéscfhé 5385ty fobthetusaBf sdchitweight-set based at
15  least on the restrictions for transitions between weight-sets and the feedback that
had been sent to the transmitter.
When weight-sets are represented as rows on a trellis and time-slots are
represented as columns of the trellis, restrictions on changes to the weight-set
between subsequent time-slots restricts branches of the trellis between one node
20 to certain nodes of a next time-slot. In other words, because of the restriction on
changes to the weight-set between time-slots, branches from each node may
exist only to certain nodes of a subsequent time-slot. For example in FIG. 2, two
branches are illustrated between a node of a prior time-slot and nodes of
subsequent time-slot meaning that, in this example, the feedback bandwidth may
25  restrict a transition to certain two weight-sets for a particular prior weight-set.
System requirements and transmitter restraints may also determine these
restrictions. In this embodiment, there may be a limited number of weight-sets

that a transmitter may use for a next time slot. Procedure 300, however, is
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Operation 306 cal cul ates the probability for the use of each weight-set
based at 15 least on the restrictions for transitions between wei ght-sets
and t he fwoedbaeicos hat had been sent to the transmtter. WIENBA0gI® - set s
are represented as rows on a trellis and tine-slots are represented as
colums of the trellis, restrictions on changes to the weight-set between
subsequent time-slots restricts branches of the trellis between one node 20
to certain nodes of a next time-slot. In other words, because of the

resthrl cgl on on changeslto t he wei ght - set between time-slots, branches from
each node may exist on to certain npdes of a subseguent ti.nme-slot. For
exanpl e i negiadly appligajde toﬁ%%ﬁé@ OF JRoTe Py aﬁglﬁqszi?é‘ @?\xﬂwqgenﬁ‘,ggg of a prior
time-slot @%bnodes of subsequent tinme-slot neaning that, in this exanple,
t he feedbac andwi dth may 25 restrict a transition to certain two

wei ght - sets for Ozpemlronlwﬁlcambp}esﬁketve@is@ﬁtlpéfélablmfg?%‘i BRGHEPsReNt s and
transmtter re e In this
enbodi nent P lf‘?aéle% Me eé%? o%tt %Bﬁs %%agfvge %%tsSéettcgta C?ﬁg?t a
transmSteﬁ1M@Mow%é11QItrﬁl1mmXEed ithreme sletrics rﬁk}d&@fﬁf@dSO@Sbm%ver is 11 WO

03/ 065606 PCT/. 1 B03/ 00333 ca I b h
to nodes ofmedyy ‘bgsghﬂi’%?ml?(? %tldp“géjér" A 81%63%8 %yanglglmr?ﬁ%sg errﬂ:nsir?ingnes
pr obabi | i t%ra%ﬁﬂeémwg&a@e h@ﬂf&r&fthep&&b@fhpkdsémlﬂgahdghefunmaelcmmdi cs for
transitions to each %ht set of a current 5t gre tb atrellis is
used, theseloﬁ@trlep%elm b%m%?%ﬁl%mé?e{ﬂnﬁﬁéﬁ tH’EPFq 2hi 1“?‘?1&?]??1 s

embodi ment, p818‘§6§§3 “axﬁi ?&+ Bh&Btot derRRNEhralEl fleGR bPEachbr anches

bet ween t hé es 0 I's representing the prior tinme-slot and
nodes nepr én;amhlbngveehe:exiamrpem nedesend thstnodpholihe seltprigseatiag thene

Elr, gggﬁ' lﬁ;: :C}ellzr %trtﬁﬁn%algﬁeqﬁt el Y%erb%e mgbé%@lcﬁfaf‘edmé B&H ofghedet erm ne a

ranc en certaln’prior nodes and the nodes
of the set |sepitieaenf ihegrankiion probulgtity dridribe sleatureibg pyotabdHy.met ri c may be

cal cul ated by th
t he lrjreasﬁr err)ént (&%u%{yq??culates av(zc'n%; t-set metr%chf%r erxc%nosf‘tflé S&Sf%'ie()bab' lity and

weight-sets for the current time-slot. When a trellis is used, operation 310

15  calculates a node metric for each node of the node set of the trellis representing
the current time-slot. In operation 310, the node metric is based at least on one of
the branch metrics of a connecting branch and a node metric of the prior node
connected by the connecting branch. Because there may be two or more
branches coupling the nodes of the current node set with previous nodes, two or

20  more node metrics may be calculated for each node, however operation 310 may
also select the node metric having the greatest value as the node metric for a
particular node. At the completion of operation 310, each of the possible weight-
sets have a metric associated therewith. The metrics include both measurement
information (e.g., operation 304) and transition information (e.g., operation 306).

25 Operation 312 selects the weight-set for the current time-slot having the
highest metric. When a trellis is used, operation 312 selects the node with the
greatest node metric to identify a corresponding weight-set. Operation 314 may
use the weight-set identified in operation 312 for processing the current time-slot

of a channel. For example, operation 314 may use the weight-set to determine
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Operation 310 cal cul ates a weight-set netric for each of the possible

wei ght-sets for the current tine-slot. Wien a trellis is used, operation
310 15 cawouwbatwss a node netric for each node of the nodePSetBa 00833
trellis representing the current time-slot. In operation 310, the node
metric is based at |east on one of the branch netrics of a connecting
branch and a node netric of the prior node connected by the connecting
branch. Because there may be two or nore branches coupling the nodes of
the current node set with previous nodes, two or 20 nore node netrics nay

be cal cul ated for each node, _howeyver eration 310 ma al so | ect the
node netri capPEORTRfC chanmngl tang g pse iy 9931%2}'5% He aql?é:lo?/qp@n g o;’l'satt‘?lepart i cul ar

node. At theogArpl £idkeRe@tvePPRIcAkdi -3l &lectatRaPhe bRl ﬂ@@gﬁicéﬂsﬁlgwei ght- sets
have a netri ¢ associated therewith.” The netrics include both neasurenent

i nf or mat i ontheeuyent tipestot Qperann 3 14 ranst reners ithe eneratipns ofaracedire 40¢. |
operation 390§)thelg%ﬁgﬂ%§5¢]mr§gg¥@eéh the weight-set for the current
i e I ghest ne

ti me-sl ot having ric. en a trellis is used, operation 312
sel ect s §he nodeThiy,h rededver gné atetisid afdeermiming weigbtsi fdeeambiping cor r espondi ng

310 1 o - pr oBERSF Ry? (e Exhatien HEbef ot Shemb i Einghhaf hpisieq, o Per &t o
oper ati on 3jdeieyanibRethbe fnekepht-daktibnistebadad. e addhWRHBIDGEG0H

PCT/ 1 B03/ 00333, appropriate channel taps for use in.conmbining the nultipath
conponent s BfeetvRRandsmgihgf for; weightdefestip isauijable %GFH’ée\Hé P]Qﬁ?‘f]lg@? sel ected may

be used for d%&ﬁ?%&d%gzohﬁﬁutﬁbﬁtfoﬁ@%rst&ﬂlﬂ'fi‘neﬂhdlhg, foPetabple Wil atodepeat the
operations of procedure 300 for the next time-slot of a received channel.

5 Thus, 18 r Bédpiva Multiglerbedsssd WEDYR esyaichHisnE anether esbp@imedbtbi ni ng  si gnal s
in areceiv I ) : e ent . ' aved receiver
and net hod f%?ﬂﬁg?g‘ﬁ‘?g%‘gﬁﬁ{‘?% |dsekegP%?S e(‘rdﬂ.a %%@%ﬁ%& d&ﬁ@%ﬁ?mnt , a

recei ver anteedbidkddfdimatiowsayihto aetmsotiftario estimate tlabweightsrusedey the cl osed | oop

e LY RS R O R S LBk S ATy TP code

substantial time-slot delay. The weights may be used to generate channel taps for

15 use by arake receiver in combining multipath components of received signals.

The foregoing description of the specific embodiments reveals the

general nature of the invention sufficiently that others can, by applying current
knowledge, readily modify and/or adapt it for various applications without
departing from the generic concept, and therefore such adaptations and

20  modifications are intended to be comprehended within the meaning and range of
equivalents of the disclosed embodiments. It is to be understood that the
phraseology or terminology employed herein is for the purpose of description
and not of limitation. Accordingly, the invention is intended to embrace all such
alternatives, modifications, equivalents and variations as fall within the spirit and

25  broad scope of the appended claims.
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recei ver and nmethod for weight detection use channel estimations and prior
feedback information sent to a transmtter to estinmate the wei ghts used by
the basewetoawsmme A trellis algorithmnmay be used to det @cmiiBes/oeight s
with no substantial time-slot delay. The weights nay be used to generate
channel taps for 15 use by a rake receiver in conbining nultipath
conponents of received signals. The foregoing description of the specific
enbodi ments reveals the general nature of the invention sufficiently that
ot hers can, by applying current know edge, readily nodify and/ or adapt it
for various applications without departing fromthe generic concept, and
t herefore such adaptations and 20 iAIMBati ons are intended to be
conprehended wit ki .the | L.hg and range of equivalents of the disclosed
enbodi nment s. va¥53§%gﬁﬁggrstood that the phraseology or term nol ogy
enpl oyed herein is for the purpose of description and not of [imtation.

Accordingly, the_inventi is intended to enbrace all] such | t ernatives,
nodi fi cati ons, G&M?té?ff@ (ﬁﬁ’t@ﬁ‘feil PEHE PLCePs} fprﬁ?dt Wleﬁmfrﬁéﬁ eii t and 25
broad scopecghptifigg:appended claims. 13 WO 03/ 065606 PCT/1B03/00333 CLAI M5
What is clainmed is: 1. A nmethod to detect. a weight-set to process a spread
spect r und channel deteuniningss mgasuseragt @rababilitgos aveashirshERM probability for a
wei ght -set {19 lﬁgi§ﬂf$€59&ﬁtﬂ&%ﬁo urrent tine-slot; determning a
transition pro aglrlty or the weight-set, the transition probability
based at |east odetarsinargpetrinstmneprpbability del the Metghdsete thatedngionset ;

cal cul ati ng_a,wei.ght - set tric f t i - gast on the 10
neasurenentpgﬁﬁgéﬁ%ﬁ%$§FB%E%P%63%$§$%$§% ﬁ%ﬂép%f%%@g§§?8%&@£§$§netric; and
detecting a wei gbileslating & erightgetangrioforphedeight-sttrbasedmeiledst ersties based  at

| east on_the weight- il I h r.ren i me-sl ot.
10 measurgmtentsa%td tg.%gltloﬁ p%o%agllil%gs? asnsd z}pr?orcvyelgl‘ia -sFet }ne c; nd t

detecting a weight-set from a group of predetermined weight-sets based

at least on the weight-set metric to process the current time-slot.

2. The method of claim 1 further comprising using the detected weight-

set to combine multipath components of the current time-slot.

15 3. The method of claim 1 wherein the weight-set metric is a weight-set
metric for a current node of a trellis of nodes, and wherein calculating the
weight-set metric comprises:

calculating, for branches of the trellis leading to the current node, a
branch metric based at least on the measurement and transition probabilities;

20 calculating node metrics for the current node based at least on the branch
metric of a branch leading to the current node and a metric of a prior node
connected by the branch leading to the current node; and

selecting a greatest of the node metrics for the current node to correspond

with the weight-set metric for the current node.
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2. The nethod of claim1 further conprising using the detected weight- set
to conbine nultipath conponents of the current tinme-slot. 15 3. The net hod
of cl ai mwowbessd® t he wei ght-set netric is a weight-set POFUBIX0BIH a
current node of a trellis of nodes, and wherein calculating the weight-set
metric conprises: calculating, for branches of the trellis |eading to the
current node, a branch netric based at | east on the neasurenent and
transition probabilities; 20 calculating node netrics for the current node
based at |east on the branch netric of a branch leading to the current

node and a netric of a prior node connected b%bthe branch Ieaging to the
current node: and. Tles methodgf slagn davhesein spdesid thiowellinserespend Withi he curr ent

node to cor ] ' mﬁ&;&] i &ef or the current node. 14 WO
03/ 065606 P%ﬁ@%ggf%%%&%%%g@%t 0 ‘g%%%t: S(éz;:itsr'n 3 wherein nodes of the
trellis correspond with weight-sets of the group of predeterm ned

wei ght -sets. 5. net ho f.claim 3 .wherein,. .ect LNg.: rises
selecting a nodghﬁ‘%]?ﬁeﬂ‘oaIogf’]ﬁfrfl?yv%qelﬂé esseiarr%g%/lg g%ﬁﬁhge%gﬁ}%fggttuggg?pmi ght - set
netric, eacRodwlem ffralifeomiddeahaviyg theraspowdighsatinidiriareacheodght - set  of

t he groug of predeterm ned %@ighl-sets“ 6. Thg nethod:ﬁg glain1 wherein
det er ni n? ng©f Hig PhEaliyrcoRmemondRoRALPTS Woiehtset QHIS SRR R ATHG

measur enent “Mégtg_@gis_l ity for each weight- set of the group of predeterm ned

wei ght -sets based at | east on received 10 anplitude and phase neasurenents
of the current tinme-slot. 7. The nmethod of claim 1l wherein determning the

reasur ement - or oBARL ookt i 1P fh uBfkmiiid e gmAIcReS est]mating a

probability for eac roup of predeterm ned weight-sets
for the cur pababilityrimchides détyrminbshe inegsureneit peabability foropalbprighbf a

((j(ég: gj; ed pfsl tsolf ?I?el gr%ﬂ;? QP Srledétlé)rlzr)n%d \%@fjghgsets:,l' g’as% relt% fegé{%%si‘egéiéle%t channel

10  amplitude and phase measurements of the current time-slot.

7. The method of claim 1 wherein determining the measurement
probability for the weight-set further comprises estimating a probability for each
weight-set of the group of predetermined weight-sets for the current time-slot by
measuring received pilot symbols of a dedicated physical channel (DPCH) and a

15  continuous pilot channel (CPICH). A '

8. The method of claim 1 wherein the group of predetermined weight-
sets include at least one of the weight-sets used by a base station in transmitting

the current time-slot in diversity mode.

9. The method of claim 1 wherein the transition probability is determined
20 from a probability that a weight-set was changed from other weight-sets of the
group of predetermined weight-sets and based at least on feedback previously

provided by a receiver to a transmitter.
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8. The method of claim1l wherein the group of predeterm ned weight- sets

i nclude at | east one of the weight-sets used by a base station in

transm t twog@3/oé3ses current tine-slot in diversity node. 9. PCwaBesaioBssd of
claiml1 wherein the transition probability is determned 20 froma
probability that a weight-set was changed from ot her weight-sets of the
group of predeterm ned wei ght-sets and based at |east on feedback
previously provided by a receiver to a transmtter. 15 WO 03/065606
PCT/ 1 B03/ 00333 10. The nethod of claim9 wherein the feedback is conprised
of at |east one feedback bit previously transmtte ile unit for

use by a base st aPiBhe mpthod phielaim Pivheerin He feedbaghis CtOFI}Pé'lsg‘il 8{)3 t1925t The
method of clai fg%d]ba{ﬂyg)ﬁ ?%Vl&ﬂwérﬁg%&m a%Hbﬂ% gt £H008Y atbaRsstaton§ rom t he

sel ected wei ght-se use I'n co g mul tipath conponents of a channel
during the wmuranemttting the-cetrent timi@sloThe net hod of claim 1 wherein each wei ght
of a weight-set has a phase and anplitude conponent. 13. The net hod of
claim1 further conprising repeating the determning 10 of the measurenent
and transition prolabinhdthddest claal T irtiet asrgnpﬁm‘ng@étgminmgtchmmd taps and

detecting a_wei ght-set for a next tlITE V%]f a;ethn the d 18 m ni ng of the
transitidon Brag fbi‘ql‘?ctt‘ifi Veight-35 or\HéPb‘h‘fm ’E‘mﬁé‘i‘ 1RG0 LPIIRPR r ent

time-slot ag.gnclRiulik thd dBredt Glne-sld. A processor conprising: 15 a nmetrics
calculation elenment To determ ne a neasurenent probability for a

wei ght -set from neasurenents of a current tinme-slot, to determne a

transition pr Obf'i)"llhetr%etfl@c{ o%ﬁ&ﬁ"@bfﬂ%ll?&tch v&ﬁelf@lttofﬂﬁ%éﬂt%@t Rk @babi ity

based at |east on 'a ange froma previously Tequested weight-set, and to
cal cul ate aplweegxhdamp]ntudemd)mpmmbr t he wei ght set based at |east on the
measurenent and transition 20 probabilities and a prior weight-set netric;
and

13. The method of claim 1 further comprising repeating the determining

10~ of the measurement and transition probabilities, calculating the weight-set metric
and detecting a weight-set for a next time-slot, wherein the determining of the
transition probability uses the weight-set metrics from the current time-slot as a

prior time-slot.

14. A processor comprising: |
15 a metrics calculation element to determine a measurement probability for
a weight-set from measurements of a current time-slot, to determine a transition
probability for the weight-set, the transition probability based at least on a
change from a previously requested weight-set, and to calculate a weight-set
metric for the weight-set based at least on the measurement and transition
20  probabilities and a prior weight-set metric; and
a weight detection element to select a weight-set from a group of
predetermined weight-sets based at least on the weight-set metric to process the

current time-slot.
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a weight detection elenent to select a weight-set froma group of

predeterm ned wei ght-sets based at |east on the weight-set netric to
process tWe o3pesonent tine-slot. 16 WO 03/ 065606 PCT/ | BO3/ ®033B03/@333 The
processor of claim 14 wherein the weight-set netric is a weight set netric
for a current node of a trellis of nodes, and wherein the netrics

cal cul ation el enent cal cul ates the weight-set nmetric includes: calcul ating,
for branches of the trellis leading to the current node, a 5 branch netric
based at | east on the neasurenent and transition probabilities; and

cal cul ating node netrics for the current node based at |east qon the branch
metric of a branth Theaeqessor of claim d dpvhsrrin heecigfcbehmeiicis @ Y6 pri or node

connected by the. [ e o B0 thdhg wei ght
detection e%leéﬁl%ﬁqcb%g?eégfréﬁgggr@gg grg'%lﬁ(;%ff ﬁ? %ées’ %%dd\gﬁﬁgltnrt?cs 10 for the
current nodealéudativordl@saanrdliculatds thdreeigbi-gmegrid inokides:c for the current

node. 16. The processor aof .claiml ein .t h I cyl ation el enent
det er mi nes t he n%?gg‘ﬁ?t@rgeﬁrbﬁ?%h%?ﬁ%’%g@(ﬁtleaggl@nomqg%éﬁeﬁlégéi?&ed the group of
pr edet ergri npdnMEinetictaeidatheseen tic heastment dreiceinedidnanpbabilitits; @dd phase 15

measurenents of the current tinme-slot. 17. The processor o | ai m 14
wherei n the net r‘P?é%‘ﬂ%t&}g(ﬁﬂdﬁtnﬂe@ﬁcse‘(l%éﬂﬁﬁﬂme’éfé%ogﬁI]?F‘?Féisaﬁ??ét‘?ﬁe E’F nt

probabi | i ty1n@bﬁc§ﬁ'tailﬂﬁwhrlga<ﬁn§f00cﬁé@ﬁﬂr&ftﬁoﬁ@ﬁn@ﬁﬁ@tﬂc@aﬂfﬁm%@ﬂe of the group
of predeterm ned weight-sets for the current tinme-slot by nmeasuring

recei ved pi temnegydbplis anch lgading tot the cpmgrined¢. channel (DPCH) and a 20
cont i nuous pilot, cnanagl h(tga!egﬂ%n elérﬁent-g% tha%I?&ﬁés?'bfﬁfe rfb'd@%r[@t 4 wherein the
et eterm Re % abi

metrics cal culationele nes ansition pro ity froma
pr obabi 10 t yfdr st cuarenengyiet to setrespmad withahgweight-sshnotthie fontké girendet s of t he
group of predeterm ned wei ght-sets and based at | east on feedback

previ ously ’E)‘?c%\'/i ded by a receiver to a transmtter.

16. The processor of claim 14 wherein the metrics calculation element
determines the measurement probability for each weight-set of the group of
predetermined weight-sets based at least on received amplitude and phase

15  measurements of the current time-slot.

17. The processor of claim 14 wherein the metrics calculation element
determines the measurement probability by estimating a probability for each
weight-set of the group of predetermined weight-sets for the current time-slot by
measuring received pilot symbols of a dedicated physical channel (DPCH) and a

20  continuous pilot channel (CPICH).

18. The processor of claim 14 wherein the metrics calculation element
determines the transition probability from a probability that a weight-set was
changed from other weight-sets of the group of predetermined weight-sets and

based at least on feedback previously provided by a receiver to a transmitter.
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17 WO 03/ 065606 PCT/1B03/00333 19. A machi ne readabl e nmedi um havi ng
programinstructions stored thereon for performng a nethod of processing
spread spwotmsoecehannel s when executed within a digital pPCedBexiossy devi ce,
the nethod conprising: determ ning a nmeasurenent probability for a

wei ght-set from5 neasurenents of a current tinme-slot; determning a
transition probability for the weight-set, the transition probability
based at | east on a change froma previously requested wei ght-set;
calculating a weight-set netric for the wei ght-set based at |east on the
measurenment and transition probabilities and a prior weight-set netric; and
10 detecting a wed ghinagkine fgadabla ngaddup having peageare iralHeHoRGefRE - set s based

at | east on,the i ght -set i Lire-sl.ot . 20. The
machi ne. r calkoR hadriongte £Fklol pBrRERER e Sl CharkRRymC - 20,

wei ght - set  gmictied wWithin a digitat protessingeleviceaht netiddsconfprisoges, and wherein

cal cul ating the ight-set netric conpri.ses. 15 cglculating, for branches
of the trellis I@%ﬂ%ﬁﬁlnﬁ&mﬁ@%@gﬂw ﬁlgﬁ&foaa“ﬁ%ﬁ—(’sﬁé ric based at |east
on the neaspeiedheAr § L3R tihesigr obabi lities; calculating node netrics
for the current node based at | east on the branch netric of a branch

| eadi ng to the costparningsdeansii@nprorability igtheweighbsetnthgdrangiifhect ed by t he
branch | ead] - ot lclBesfedWEdhesd: of the node
metrics forbl{&%g&gt rgr%%%&;l%%g&tlg%g%%gpeespoﬁgré_;\?\n&?%h;eﬁeevvei gh?- set’ metric for
the current nodecal@fatingwweiehtsetenetae ultheweighi-sanbasedat dgagi amthaher ei n

determ ning_t he neasurenent probabi.l.i [ € L t he
rreasurenentmﬁ?%lﬁ%?q ia{@%f%ﬁlﬁorg r@ﬁgt&/ieltléi%{{dsa@ 031% e’?%ﬁe%esrgf%lg%ﬁ b?l%predet erm ned
wei ght - Bt s basedetadtingenstighiise? frofres gioup df aradbietrunhed avedighpisats dassdasur ement s

of the curr St E:astt Iorrlr?ﬁesvlvgltght-se%?nevtfg t%%/rgcgsegs(s t g cﬁgrlltltgﬁ)g—/slgg?’?’?’

20. The machine readable medium of claim 19 wherein the weight-set
metric is a weight-set metric for a current node of a trellis of nodes, and wherein
calculating the weight-set metric comprises:

15 calculating, for branches of the trellis leading to the current node, a
branch metric based at least on the measurement and transition probabilities;
calculating node metrics for the current node based at least on the branch
metric of a branch leading to the current node and a metric of a prior node
connected by the branch leading to the current node; and
20 selecting a greatest of the node metrics for the current node to correspond

with the weight-set metric for the current node.

21. The machine readable medium of claim 19 wherein determining the
measurement probability includes determining the measurement probability for
each weight-set of the group of predetermined weight-sets based at least on

25  received amplitude and phase measurements of the current time-slot.
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22. The machi ne readabl e nedi um of claim 19 wherein determ ning the

measur enment probability for the weight-set further conprises estimating a
pr obabi | iwQ oBossee@ch wei ght -set of the group of predeter mPoEdBedI0gHBt - Set s
for the current tinme-slot by neasuring received pilot synbols of a

dedi cat ed physical 5 channel (DPCH) and a continuous pilot channel (CPICH).
23. The machi ne readabl e nedi um of claim 19 wherein the transition
probability is determined froma probability that a weight-set was changed
from other weight-sets of the group of predeterm ned wei ght-sets and based
at | east on feedback previ ouslﬁ provi ded by a receiver to. a transmtter

10 24. A code di %3-Sihenmashineirpadsblecpedismofoliny 1Pewsrdadetesmingihsy: a
dedi cat ed f
edi cated canngl, JiF BRobLfilED for hERERN: IR rTRAP Lo MpflRahheined | €S O

current ti a metrics cul ation el enent to
cal cul at e npiobhlsitityf for eavhi vegightswet ef thegtqummfedad@tcrmalﬁé viraghi-agtsdar the

itti | cul d
1 om t he. modETRCImErRGrarFRETEuerTes RITaEpphira el bt T 7 ©

det ecti on eligABAL(DPCEDRINEG coatin@iugpilosetanfisl (GPICK).oup of pr edet er mi ned
wei ght sets based at least on the nmetrics for the weight sets; and a
channel tap cal cul ator to generate channel taps fromthe sel ected

wei ght -sets. 20 25. Th-ghﬁacg%eﬁ@a%fé MEdiuRf ofelainMo2gh it fakdieorTet ri cs
cal cul ati on eI enment cal culates netrics for wei ght sets based at |east on a

measur enent proptﬂmbabs deteymingd froae b prabpbibity hata WP@H - s cBmEsE 19 one of
the current hinmgs. &l Ok ofatﬂgg?%ﬁaro%;&écfe‘ée il t-sb{s%nfi%ﬁsetdhﬁ 1061 @ht - set,

wherein t he®transeti on ase | east on a change from a
previ ously fe@db@ktped/wml:gprtov&bﬂ byh&emc@:w @&Eﬁﬂﬁl’d@CT/ | BO3/ 00333 26. The
CDVA receiver of claim?24 further conprising: a pilot channel neasurenent
el enrent to neasure the a channel; and a weight selection elenent to sel ect

a channgl wei ght 2564 cbddiviRidal thalkiple access (CDMA) receiver comprising:
a dedicated channel measurement element to measure characteristics of
current time slots of a CDMA channel;
a metrics calculation element to calculate metrics for weight sets
estimated to have been used in transmitting each of the current time slots, the
15  metrics calculated from the measured characteristics of the current time slots;
a weight detection element to select a weight set from a group of
predetermined weight sets based at least on the metrics for the weight sets; and
a channel tap calculator to generate channel taps from the selected

weight-sets.

20 25. The CDMA receiver of claim 24 wherein the metrics calculation
element calculates metrics for weight sets based at least on a measurement
probability for each weight-set from measurements of one of the current time-
slot, and a transition probability for the weight-set, wherein the transition

probability is based at least on a change from a previously requested weight-set.
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channel neasurenent, wherein the weight selection elenment provides feedback
5to atransmtter based at | east on the sel ected channel weight set for
use in swbyamessné transm ssions to the receiver by the tPamdBIya0833. 27.
The receiver of claim24 further conprising: despreaders to despread

recei ved spread spectrumsignals with spreading codes; and 10 a rake
receiver to weigh and conbine nultipath conponents of the received spread
spectrum signal s using the channel taps provided by the channel tap
calculator. 28. The receiver of claim25 wherein each weight-set nmetric is

a weight- set netric for a current node of a trellis of nodes, and wherein
the metrics 15 caPciieePlHA s3cervshof elaine 2t s cRIBPTYRSf or wei ght - set by

cal cul ating, for a?él@f' el fastldfehf Bbhb th GRALRE e dh8nQYELSNt node, a
branch netric bas at

_ east on the nmeasurenent and transition
probabilities, andvaigteeleetiamelementdo relectiaghatingt weight sgdraneapilpbde based at

| east on the branch netri J i ode and a
metric of ac%wgpmﬁ%s eer%eél?frl‘glgetrga%ewg ‘I%}e14 %?egh@% eﬁ%@ghfﬁrgv{dgg F{?gﬁa 0 current
node, an§l whes ebikniitter bseditleadbebr did seleced ehmmnte]l welght st for wedat est of the
node netrics for the current node t.o %’%gﬁ_gond with the weight-set netric

for the cuftRSREVGHDHRNSTIESIORRIR heTEEFLye UMY wherei n the dedi cat ed

channel neasurenent 25 elenent, the netrics cal cul ation el enent, the

wei ght detection el enent, and the channel tap, calculator are functional
el enents of a pr@éebiggeceipg of claim 24 further comprising:

despreaders to despread received spread spectrum signals with spreading
codes; and
10 a rake receiver to weigh and combine multipath components of the
received spread spectrum signals using the channel taps provided by the channel

tap calculator.

28. The receiver of claim 25 wherein each weight-set metric is a weight-
set metric for a current node of a trellis of nodes, and wherein the metrics
15  calculation element calculates metrics for weight-set by calculating, for branches
of the trellis leading to the current node, a branch metric based at least on the
measurement and transition probabilities, and calculating node metrics for the
current node based at least on the branch metric of a branch leading to the
current node and a metric of a prior node connected by the branch leading to the
20  current node,
and wherein the weight detection element selects a greatest of the node
metrics for the current node to correspond with the weight-set metric for the

current node.

29. The receiver of claim 24 wherein the dedicated channel measurement
25  element, the metrics calculation element, the weight detection element, and the

channel tap calculator are functional elements of a processor.
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