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Appl i cat i oRgy Agat/essgdep! i cation clains the benefit of provipgi
Application Serial No. f 60/732,013, entitled "FINCER Rgg@gﬁ?/ﬁﬁ?ﬁﬁm

H GH SPEED PAG NG 1 PERFORMANCE, " filed October 31, 2005 assigned to
the assignee of the present application, and incorporated herein by
reference in its entirety for all purposes. Field [00011 The present
i nvention ré&}ldkes generally to wirel ess receivers, and nore
specifically to finger assignment in rake receivers based on signal
path concentration. Background [00021 In wreless conmuni cation
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Background
[0002] In wireless communication systems, a signal trapsmitted from a transmitter is
often subjected to dispersion, reflection, and fading resulting in multiple versions of the
signal arriving at the receiver at different times. In direct sequence spread spectrum
systems, rake receivers receive and combine the multiple time-shifted signals to receive
(1 the original transmitted signal. A conventional rake receiver includes multiple fingers
where each finger includes a correlator synchronized to receive one of the time-shifted
signals. A repeating pseudorandom code is applied to the incoming signal such that the
bits of thc pscudorandom codc arc aligned with the corresponding bits of the incoming
signal. In order to assign each finger to a-different signal of the time shifted versions,a "
searcher identifies the signal paths from the transmitter to the receiver. A pilot channel
is often observed by the searcher to determine thé time relationships between the
multiple versions of the signal arriving at the receiver. In some situations, however, the
searcher is not able to identify all of the paths in a short time. For example, time is often
limited in identifying signal paths when user equipment (UE), such as an access
terminal, comes out of sleep mode. In code division multiple access (CDMA) systems,
the access terminal must wake up from a sleep mode periodically to demodulate a

paging indicator channel to determine if an incoming call is arriving. In order to



pagi ng i ndicator channel to determne if an incomng call is

arriving. In order to WD 2007/ 053838 PCT/ US2006/ 060409 051294 2

maxi m ze bgld fbYodssdse the tinme that the access term nak'c-/%s%%/oé-o
sleep node is mnimzed resulting in alimted tinme for The searcher
to identify the signal paths. In high speed fading scenarios, the
searcher may not identify all useful signal paths in the tine

al l oned. [0003] Therefore, there is a need for rake finger assignnent
during hi ghtsp#ed fading scenarios. SUVWARY [0004] A rake receiver
finger assignor is configured to assign a rake receiver finger to a
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concentrated distribution of signal paths such as during a fat path condition, at least one

rake finger is assigned at a time offset between two identified signal paths.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] 'FIG. 1 is a block diagram of a communication system in accordance with the

exemplary embodiment of the invention.
( [0006] FIG. 2 is a block diagram of receiver system in accordance with the exemplary

embodiment of the invention.

[0007} FIG. 3 is a graphical illustration of an exemplary signal path distribution of a
plurality of signal paths from a transmitter to a receiver.

[0008] FIG. 4 is a graphical illustration on the exemplary signal path distribution where .

ke ﬁngcrs i1avc bccn assigncd to time offscts in a concentrated distribution.

[0009] FIG. 5 is block diagram of an exemplary fat path detector in accordance with the
exemplary embodiment of the invention.

[0010] FIG. 6 is a graphical illustration of examples of detection filter outputs as a
function of wakeup occurrences.

[oo11]y FIG. 7 is a flow chart of a method of assigning rake fingers in accordance with
the exemplary embodiment.

[0012] FIG. 8 is a flow chart of a method of assigning rake fingers in a concentrated

distribution in accordance with the exemplary embodiment.



function of wakeup occurrences. [0011] FIG 7 is a flow chart of a
met hod of assigning rake fingers in accordance with the exenplary
enbodi ment wa¢ 8fdedssdsl G 8 is a flow chart of a nethod opcRaRbd@RbddGhe
rake fingers in a concentrated distribution in accordance wth the
exenpl ary enbodi ment. WD 2007/ 053838 PCT/ US2006/ 060409 051294 3
DETAI LED DESCRI PTION [00131 FIG 1 is a block diagramof a

communi cation _systemin accordance with the exenplary enbodi nent of
the i nventiof?*fhe word "exenplary" is used herein to nean "serving
as an exanple, instance, or illustration.” Any enbodi ment descri bed
herein as "exenplary"” is not necessarily3to be construed as
preferred or advantageous over other enbodi nents. A signal 102
transmtted by a base station 104 through a scattering channel 106
takes a pI urality of paths 108 pg18{: %mﬂﬂﬁngﬁv an access
term'n 2 du reflectlon diffraction and local scattering.
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functions described herein as wel
functi onal i tobodimens, Becassess tterminglal 12102y bBatng, de&mdethamdludéme lreceiver for

i nformation BRYvike Bt WG | 'I@Za %gDJCXGéLZngfI;B.QF Y21 Qusméluﬁec toi,g}geyn ahau'dvvare,

bl ocks of the access termnal enen
conbi nat i on Softyaren gF ﬁmwére not shown in FIG 1 for fac111tat1ng and performing the functions

of the access terminal 112. For example, the access terminal 112 may include input and

output devices such as keypads, displays, microphones and speakers.
[0015] The access terminal 112 includes hardware and sofiware that includes at least a
( rake receiver 116. In the exemplary embodiment, software code running on the
processor 118 facilitates the execution of at least some of the functions described herein
as well as facilitating the overall functionality of the access terminal 112. Data, code
and other information may be stored in 2 memory 120. The various functional blocks of
_the access terminal 112 may be implemented using any combination of hardware,
softwarc and/or firmwarc. Further, the vatious functions and opcrations may be
implemented in any number of devices, circuits, or elements. Two or more of the
functional blocks may be integrated in a single device and the functions described as
performed in any single device may be implemented over several devices in some
circumstances. For example, at least some of the functions of the rake receiver 116 may

be performed by the processor 118.

[0016] As described below in further detail, with reference to the exemplary
embodiment of the invention, rake receiver fingers are assigned in accordance with a

concentration of the time offset versions 114 of the signal 102 within a time window. A



software and/or firmwarc. Further, the various functions and
operations may be inplenented in any nunber of devices, circuits, or
el ements. [Wwe50938dse of the functional blocks may be bgf@@ﬁﬁ&&ﬂ«kn

a single device and the functions described as performed in any
singl e device may be inplenented over several devices in sone

ci rcunst ances. For exanple, at |east sone of the functions of the

rake receiver 116 nay be perfornmed by the processor 118. [0016] As
descri bed béfew in further detail, with reference to the exenplary
enbodi nent of the invention, rake receiver fingers are assigned in
accordance with a concentration of the fine offset versions 114 of
the signal 102 within a tinme wndow. A WO 2007/053838
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per formance g the nunber of signal paths used for
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channels when the UE periodically comes out from sleep mode to determine if a call is

arriving.

( [0018] FIG. 2 is a block diagram of receiver system 200 in accordance with the
. exemplary embodiment of the invention. The various functional blocks may be
implemented in any combination of hardware, software and/or firmware. Functions
described as performed by multiple blocks may be performed in a single device and
functions described as performed in a single block may be implemented. over several. . .
Adc;/‘iccs. In the cxemplary cmbodiment, the recciving system 200 is implemented as part
of a UE communication device such as an access terminal 112 for operation within a
spread spectrum wireless communication system such as a system operating in
accordance with wide-band code division multiple access (WCDMA) techniques.
Accordingly, the transmitting source in the exemplary embodiment is a base station 104
and the rake receiver system 200 is implemented within the access terminal 112 in the

exemplary embodiment.
[0019] As explained above, fingers of a rake receiver 116 are assigned based on a

concentration of signals paths having relative time offsets within a time window. The



[0018] FIG 2 is a block diagram of receiver system 200 i n accordance
with the exenplary enbodi nent of the invention. The various
functi onal Wi ssakessRy be inplenented in any conbinatiopcg @mgﬁ&gmgk
software and/or firmmare. Functions described as perforne

mul tiple blocks may be performed in a single device and functlons
described as perfornmed in ,.a single-block. may-be. inplenented over
several. devices. In the exenplary enbodi nent, the receiving system
200 is |ﬁp|@#@ﬁted as part of a UE comuni cation device such as an
access termnal 112 for operation within_a spread spectrumwreless
comuni cati on system such as a systen1op3rat|ng in accordance with
wi de-band code divisiaon nultiple access (WCDVA) techni ques
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di sabl éd. | ﬁalé:m\mnmt thegccess ferging 1#%@?%%&leﬁﬂy5%ﬁpt&ssle&p§m%aw dg@ﬁfhﬂate

over the Pagip Qﬁ}ﬁ@%&@ét&f ciehasinet eRhdeile indidetYing ik AbeallSis arriving, the
transmtted to the access
access terminal 112 proceeds to demodulate other signals such as the paging channel

(PCH) to obtain other information to answer the call. Battery life is maximized by

- ‘'minimizing the time required to come out of sleep mode, demodulate the paging
( channel and return to sleep mode. Accordingly, the time allowed for searching for
signal paths is limited and often results in one or more signal paths remaining
unidentified by the searcher in conventional systems. During fat path conditions,

multiple signal paths are separated by relatively small time differences. Some. signal .

“ béths bctwccn Athc; identificd signal paths arc oftcn not identificd during fat path
conditions. In accordance with the exemplary embodiment, the rake receiver fingers are

assigned between identified signal paths in a concentrated distribution. Receiver
performance is improved since signals arriving through at least some of the unidentified

signal paths contribute to the combined signal in the rake receiver 116. In the exemplary
embodiment, the time used by the searcher 202 to observe the incoming signal versions

is selected to maximize performance without incurring significant wake times. In some

circumstances, the searcher 202 may search “deeper” than conventional Universal



termnal to alert the access termnal 112 to an arriving call. In

order to determine if a <call is arriving, the access termnal 112
peri odi cal lwo shiob4spiss sl eep node to denodul ate the pag&,@g/ﬂsmk@ﬁ;‘@r
channel. If the paging indicator indicates a call is arriving,

access termnal 112 proceeds to denodul ate other signals such as the
pagi ng channel (PCH) to obtain other information to answer the call.
Battery life is maximzed by ( mnimzing the tine required to cone
out of slee®¥®dtle, denodul ate the paging channel and return to sleep
node. Accordingly, the tinme allowed for searching for signal paths

is limted and often results in one or e signal paths remaining
unidentified by the searcher in conventional systenms. During fat path
condi ti ons, Mohilet Te¢eorarnupiedtiops Shistemr @ MERescatcberstiy anaiiigmpy &l Jetearaldaker
time dlffer ngges. Some signal paths between the identified signal
paths arc often not identified during fat path conditions. In
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filter may B, AuRhadGHtn RWRYentiENA t¥nn Al ST akd reSQVE: &LiEAMERL ances.
[0022] FIG. 3 is a graphical illustration of an exemplary signal path distribution 300 of

a plurality of signal paths 108 from a transmitter 104 to a receiver 116. The plurality of

(’ signal paths 108 includes identified signal paths 302-312 and unidentified signal paths
) 314-320. In FIG. 3, each of the solid line arrows (302-312) represents an identified
signal path identified by a searcher and each dotted arrow (314-320) represents an

existing unidentified path that was not identified by the searcher. The heights of the

arrows indicate the relative loss of the signal paths where a_height of an arrow is.

- 1;m/"r.;rscly proportional to thc loss of the signal path. The hcights of the arrows arc

therefore representative of the energy of pilot signal received at the receiver 116 such as

the Ec/lo, the ratio in (dB) between the pilot energy accumulated over one PN chip

period (Ec) to the total power spectral density in the received bandwidth (Io). The signal

paths 302-320 have a time offsets relative to each other indicated in units of chips in

FIG. 3. After the searcher 202 identifies the signal paths 302-312, the fat path detector

204 identifies the largest energy signal path 306 (reference path 306) and determines the

number of identified signal paths (304-312) within a time window 322. The time

window 322 in the exemplary embodiment is +/- 3 chips from the reference path 306. In



10021) The IR filter generates a filter output based on the nunber

of identified signal paths within a tinme w ndow and a previous

filter out e exenpl ary embodi ment, the previo

t he nunberwé%zoglgégﬁgﬁl s wei ghted and conbi ned to produce&;?ﬁ/\eﬁgkoﬁ%@@g
output. If fat path detector indicates a fat path condition, the
finger assignor 206 invokes a concentrated assignor 208 that assigns
rake receiver fingers in a concentrated distribution. OGherw se, the
finger assi gdt®4i nvokes the distributed assignor 210 that is in
accordance with conventional techniques of rake receiver assignnent.
[0022] FIG 3 is a graphical illustratio of an exenplary signal path
distribution 300 of a plurality of signal paths 108 froma
transmitter thomanplapretsiie FIG1%. fivesenpl patld 304y3 1 are scilcgmﬁbd p.aﬂhhﬁth& Ge
includes id t deptif

e heteS SPhidy agy srmg% pABRAD 202 4Rl MLAERL bEAS ot@&gn Siists based
represent s dhlsegtarerialivean the |ng@bbr pfdtientifigd m>tathis 384309 veithie reaives wardw 322
each dotted (aiﬁéﬁmeﬁgtﬂrﬂe %@W ?Q{B{; 99eny & I)a&?_ h%tehrﬁ? gweg?%{aﬁlf\}vﬁg 2t

that was not identified e searche
i ndi cate t hdoFdfafi the ]Tabi’%fho‘iet?w %Q"géwmpmswh%h@r‘éwafat h@thgionqhtlolﬁ eaists

arrow i s i nagdasel o/prelienes t%)Qﬂi?f{a deectibe fil1OSia v exte\t}-gala?? gﬂﬁ’édi%?]e%{r]gy-rgfe

hei ghts of the arrows arc herefore representati

p| ot dPGhl recdiVed is aierintical dbustrpdon an thoseremplasy sigvel Beth| distripiion 300

grf i 0 in (dR)hdaeiawe EmetRaRt beén @s@%hgd/t(ﬁﬁﬁb' r&ﬂﬂs@t&@ﬁa%ﬁéen%%d%‘&n%ﬁd%n If
peri od ( Ec) tltbo the total power ectral density in the received
I

bandwi dt h (1985 fat Ppib d§f°§??é|deteﬁ*§t ¢ pYs canditions fae mke fingerspraesigned at offsets

relative to bea@hnoﬁthﬁfdbﬂ B6thé adfethel ﬂieb?ﬂﬂ‘iéds sihal Buids 3@ 3121Gn e &&%law
t he searcher nt|f es the t%g at hs 3 H% the fat
Lt

det ect or 2(?&1 rf‘]ées 'REFES 5 t9{hesidgniffedsignal geths S02512 betore
(reference raaﬂtmﬂ@ﬁhgmdtt telfehin offsetd ﬂ&m tﬁbl Iﬁéi@lfenﬁé pht 361 Fbethe Sx@ifiple of

pat hs (304 32|nthe
exenpl ary e%@jl r%f“f hnger-sr/are %SS’&HF’%?% H%e ?aé'!f‘ gﬁ@ ﬁ@nég‘ﬁaﬁ\%ﬁseé@@d af f, -2
WD 2007/ 0538—38 +E’,CaiidJ’52(¢ﬁﬁ>’ M@he@&l@ﬁﬂpzths tweee ﬁieaﬁﬁd:ce gl lpdﬂ@ thdy not
FIG 3, fiv S I dentlf ed

i ndovs 322, DT IRYs B35 e 1dSeB ESHhdratsofiriob ovidfe fsafifer rosuts
condi tion exa stblsnsbaﬁ dotegert chleasalueremdmmg anké Hengetsroey asﬁgned at ¥ chip

identified 91?& %ﬁ rggj‘f ﬁ%h%“r&%s&alé g»%tﬁ[ 135@ tx\" Qq\{v 3%2‘/2 glpi Id‘ﬁnt a%doffsets.

ti me wi dow pat cusse
reference tAssighed rake fingersfoftithp strhaidieg edteoﬁn@ﬁmardetlmade@ am&atzwému in

the fat pat I%I@.O Qfg i’_[th-kl%@or@,xﬁttﬁe example of FIG. 4, remaining rake fingers 402-412 are
( assigned to — % chip offset 402, the + % chip offset 404, the -1 chip offset 406, the +1
N Y2 chip offset 408, the -1 2 chip offset 410, and the + 3 % chip offset 412. As illustrated
in the example, fingers assigned to the - % chip and the - 1 chip offsets will receive

signals within signal paths not identified by the searcher 202.

__[0024] ~ FIG. 5 is block diagram of an exemplary fat path detector 204 in accordance
W1th thc cxemplary cmbodiment of the invention. The various functional blocks
illustrated in FIG. 5 may be implemented using any combination of hardware, software
and/or firmware. Further, the various functions and operations may be implemented in
any number of devices, circuits, or elements. Two or more of the functional blocks may
be integrated in a single device and the functions described as performed in any single
device may be implemented over several devices in some circumstances. In the
exemplary embodiment, the fat path detector 204 is implemented by running software

code on the processor 118.



based on a previous output of a detection filter in the exenplary
enbodi ment. [0023] FIG 4 is a graphical illustration on the

exenpl ary sv@swbofadsh distribution 300 where rake fi ng@@,ﬂgg{y}@m@g@n
assigned to tine offsets in a concentrated distribution. If the
path detector detects a fat path condition, the rake fingers are
assigned at offsets between at |east sone of the identified signal
paths 302-312. In the exenplary enbodinment, rake fingers are first
assi gned to K% dentified signal paths 302-312 before assigning
fingers at half chip offsets fromthe reference path 306. For the
exanple of FIG 4, rake fi ngers are assi‘gned. at the reference path

306 (0O chi offseta and at +1, +2, and +3 chip offsets where

si gnal B%Shs wer eAlithpughiths & Pa@‘f éﬁeﬁtorp%ﬁ‘lhslanﬂvy Wtemﬁméﬁdemmth@et@ysathe fat

the' /2 chip dat geséatos Zb«lﬂtmctl{i@essa?aét@&ﬁfn FRSOL o hpﬁlepéﬂ gﬁ’? RIS, The
i ngers are

results interns of int eg chi p_val ues. Renai ni ng

assi gned at YRt cHithe derreHemndHies 502 Slepensls qrofheer @ﬁée@t p@mbes@s identified time

unassi gned 'wido®aphsS0gml datihe efk ok Sal 6?%15951@1?“ tfin:
t he renmai ni g% ?arkve fgl @gers re T?I ust rafggl as ova gﬁ%ﬁe-ﬁk&ggtﬁn?:%&ldow

4. Ther ef or &2 fPYOFRE 585 RRpTides s quiyt, ppth prepbsrPh dhat dndioatesfge current mumber
282 41ﬁ ar <1a ofaamtg‘?fedlmwwxdd“zpﬁths; pgﬂhﬁ% gden&ﬁé’d bﬁ& %éaﬁ%gﬁﬁ?ﬂﬁa%élﬁg%thm
t he - ip offs the + chi.p offse e -
chip of fset &%eaﬁ&ldieﬂ??)AO mbines 398 %2952“‘ PREYipys e ote Wit P to
h(f exanpl e,prédurgeths fiies iogtpad ¥.0Bddheoutput/of t68ideterAsh tiMRr 502 i€ Rl Mnction of
of ceive thin signal paths not identified

sets wll n

t he searcher %ﬂp ofﬂﬁ?ﬁfgﬁanbiw CIF & WRksE OSF'ﬁJ ﬁ]OB‘FurﬁﬁVhéﬁé]it’fi)F%‘PFﬁfﬁfmmal

pat h, det ectld? c264s pwt cfesteep demizeo nwinithr ﬁlh@agmg Rpdrie) Tesl&hﬂdiuﬁsi RF tHRffilter is

theinvent| | I onal Idlustra I

may be inpl ?%%ag%%ﬁy‘éﬁe?%?%iﬁ&‘é%n%ﬁ feeoR féflntﬁé GREH é %@Sfcf’ F?r%s‘s'rhe

and/ or firmaekay. inFthet eamplatye embodiowst fissingleomskeurd ooqa&reat:et @e&mﬂmyirb&le

I mpl enent ed n o] % r ui 9rg el enments.

nore of the ﬂ(%br}%% ch)i#g;]“ rgaﬁjruc bﬂ%? Jieﬁ e%era ed inoa esfﬁﬁlfmt%fé Vic

and t he funexronkresbediment, &gmpmef csrmdlgilwdamylbmemguél thdeﬂuwbten‘agtbﬁlter

i mpl ement ed 5@2%18 %/&{Sggng&ghfa%e sone circunstances. In the

exenpl aréé nbodi nmen he tat pat etector 204 is inplenmented by

r unni ng%®6f t war e y(@b&&mnt—ﬂéﬂ“pﬁﬁ%{eksor 118. WD 2007/ 053838 (1)

PCT/ US 06040 5 5 Al t hough

204 majo@g i mpl erQrNehn? %%Slgt%leo &r° vvaélke OCPhETER £ 18 B8 it RS honer
« of identificd paths within the t1mc window 322 during a wakc up instancc (n). Other

weighting functions as well as other values may be used in the response of the filter. For
example, values other than .05 and .95 may be used in some circumstances.

- [0028] The evaluator 512 evaluates the output of the detection filter to determine
whether a fat path condition exists. In the exemplary embodiment, the evaluator 508
compares the output (y) of the detection filter 502 to a threshold yuresn. If the output is
greater than the threshold, the evaluator.512 and.the fat path detector 204 indicate a fat —
path condition. Otherwise, a distributed path condition is indicated. In the exemplary
embodiment, the fat path detector is initialized at power up and during other appropriate
times by setting the initial filter output equal to one (y(0) = 1). Although other
thresholds may be used in some situations, yrugresy is equal to 0.5 in the exemplary
embodiment. As discussed below, the filter output converges to the appropriate level
after several wakeup occurrences.

[0029] FIG. 6 is a graphical illustration 600 of cxamplcs of dctection filter 502 outputs
as a function of wakeup occurrences. Since the detection filter is initialized to one n the

exemplary embodiment, the curves 602, 604 begin at y=1 for n=0. A distributed path



pat h detector 204 includes a detection filter 502 in the exenplary
enbodi nent. The output of the detection filter 502 depends on the

current nugResepbsss@dentified tinme w dow paths 304-312
previ ous val ue o{) t%e output of the filter. Atinmne w ndggvg/ursgl{%ﬁosmw

counter 504 provides an output, path nunber (P), that indicates the
current nunber of identified tine w dow paths 304-312 identified by
the searcher 202 as being within the tinme w ndow 322. A conbi ner 508
conbi nes a PB&Prous filter output with P to produce the filter

output, y. Each output of the detection filter 502 is a function of
wakeup occurrences (n), where a wakeup octurrence occurs when the
access termnal 112 cones out of sleep node to nonitor the paging
channel . Thecuovet PR exenbfally sops belew the thresholl) 606. lEheafat hthycub@H60re fediiins

being fed b%%gvé&g%%ﬂ@wt of the conbiner 508. The delay in the
exenpl ary enbodiment i's single wakeup occurrence resulting in the

previ ou803% | t er JUEpitis a Gomeshagied By methad dfessigrdu rdke foges in accordance with
Cl rcunmst ancgge ek&nf)lgﬁr cm@K&%@rﬂ%e??Rﬁgh% b g&%ﬁﬂ&[ bg'san§ WY of
ifter 502 has p ern

conmbi ner such that” the detection respon

accor dance WRAHHVEBOSEVaFe ipdéer firpywaie.- Iy the gsmipiyry( anbodinenty thevmestieodn is

i's the countpepforiik 8y UACMERNRARIrR] 212 %b@:ﬁﬁnﬁgﬂﬁg and ‘Wdlﬁl\l%hgorﬂlﬂﬂﬁgéﬁon
wake

of identified paths within the tinme w ndow 322 during a up
i nstance (n)5%®®her weighting functions as well as other val ues nay

becusedosnn) t he resnaiseoNfthd Rnfifitd SEnal FAfhsf3082XR0M4€ re bR SRonP iR e archer
used i n.sone clrcunst ances.

than; 05 and, .9 y be umst >s. [ 0028]  The _
eval uat or S%Qzeg’atggﬁfeéﬁpl?ﬁeer’bllﬂdﬁﬂfm&fh# Abidguitiac gl prths é&'tﬂ? are stored in
dreT;[) e:jm ne \M‘iﬁhds’t@rul& €aip cﬂ’ﬁgﬂg feoRh Qitd Bmoeﬁi"cﬁﬁ the rbf&re%ﬂé@ P@?&ﬂﬁ lagd Sored with
enbodi nent , e eval uat or conpares the out /) of the
detection f itfl? 8?“?@%‘?% F°PR 9L Bt r‘i‘iﬁll‘—’ﬁ‘éé’ grsiops ‘%ﬁl}@ Qvii‘j‘f Stepal in a table. The
great er t harstdrbd-vatues,e gtepdfore, tdheraeteabelahorsignhP pathd. tihe fak ajath RtBtor 204
detector 204 _jndi cat th]ég?o} dilti on. Gtherw se, a

di stributed eﬁfgjt“ﬁeeﬁgaﬁ:g‘is?g—ngﬁétg a?ﬁ?ﬁc ““%n the exenplary
enbodi 11882} t he fAuitstga?0V deteaines ifl £l ofihieijdédtified signappuhs 30p-3ahdhave been
caual 't o one EBRERRE R e |RBEARY uPRLPAE abaS o Pt ' syeloBleadt Rithod
sone sit uat icontinuey ebaESH712 Gheratise, thenGhodiednhisuee s1eh J09.
appr opt TPl 1 over ST 306, BocHing (17 pebdelimd At Bl PHERIEnd g Uity
a graphi cal evhluetsdmath snedadated. s znplhimed abodetthe réforenés patbr3080i@ the path
outputs s hddiofid 10B: UerhRKRMLP G HEHEES encth Wad MbefRh® Thbfore, the
(’ reference path 306 is the path with the least channel loss. The time in chips between the
reference path 306 and the current path is determined by calculating the difference
between the stored chip offset values in the exemplary embodiment.
[0034] At step 708, it is determined whether T is between one and three chips. The
~ absolute value of the time difference between the current path and the reference path
306 is comparced to the time window of 1 to 3 chips. Accordingly, in the cxcmplary
embodiment, the time window includes two time windows from -3 to -1 and from 1 to 3
chips from the strongest signal version (reference path 306). If T is not within the time
window, the method returns to step 704 to determine if other identified paths need to be
evaluated. Otherwise, the method continues at step 710.
[0035] At step 710, the number (P) of identified time window paths 304-312 is updated.
As explained above, the identified time window paths are those identified signal paths
that are within a time window. In the exemplary embodiment, the paths that are 3 or less

chips from the reference path 306 are within the time window. The time window may be



exenpl ary enbodi nrent, the curves 602, 604 begin at y=1 for n=0. A

di stributed path WO 2007/ 053838 PCT/ US20061060409 051294 9 curve
602 event ugld yorléxagss bel ow the threshold '606. The fat patRssvéd8a0804
remai ns above the threshold 606. [00301 FIG 7 is a flow chart of a
met hod of assigning rake fingers in accordance with the exenplary
enbodi mrent. The nethod may be perforned by any conbi nati on of

har dware, software and/or firmvare. In the exenplary enbodi nent, the
met hod is B@F?"orm&d by an access term nal 112 comunicating in a
WCDMA conmuni cation system [0031] At siep 702, the identified
signal paths 302-312 are received fromthe searcher  202. In the
exenpl ary enmbodinent a list of identified signal paths 302-312 are
stored in AERERped Ip ungyqihetthan CBIDS Bniome srgursages. rdfien wedating P, the

reference PhlegRdecafa s'ﬁé;ﬁfoado ‘dfet%fhnnb mpalp&fm@%aﬁmv%eé&@mﬁa@éd each
recei ved version of th ﬁ!léOt 5| inat The stored val ues,

t her ef H0881 char aft é’feP d 2 ssh#igral prhs hexe been pvadwtted: fasrthe gurrent

eval uat es eaake Sbc@m&hcep&icht @eﬁdéi&&ﬁﬁd:cbﬁﬂeth&&h@ﬂr% [fQLQ@]valﬁé% SR Bnifidi{zation
determnes if al IH j.de tirIPI ed 1S| nal tugz 302-3 have, been
eval uated. ¥ 4P 8fzef‘h § oL R lups3g o o3850, ? Epues at

eval uat ed, tthe 7h@tOihdrwieotht inkiks] antidudt £ pte§m4 v&Het’@tthﬂ&r vame igRt kode

conti nues e 3 ste et ween t he

ref erence phgﬁsrhg@Géglng[rﬁ‘@ %]UF gbr‘? Z |"'B"i’f’§3&"e,51&tfﬂ TN t&%?"éfeéjdt.o the
Ai expl ai nethresholdeyaltd evirenfthe é’nwe!uq:sahldmﬂﬁ&haﬁtﬂe@a@&tﬂg chafiesichdshery low
PLI ! o1 ol MERRL IR D SIS 20T BB ERELYE WL LR .
in chips beswtenng ﬂ@mcmﬁm%H#adﬁbmumhhamiMmami Wiadnhthe ® value is

determ ned Dy, qal culat nge B@&r&h&}% elChte ng%g%g%%d %\%aﬁ %‘E@q@‘&ﬂh Qhe tlme

of fset values in the exenpla rrent
det er nmi ned Wikloneindicating et @trip%hléomﬂon Prundikelyi jfhe afﬁheted ditsovaive at or

val ue of thﬁelswaledmsﬁmnﬁ@v@% M%ets&u{ i Q&m&@é h cﬁ‘élgb%’cg(? gieual path

reference path IS conpared tot time w ndow of
Accor di ngl ya“?%eﬂ%t whighpesghs/in @%@u@éﬁmgﬂm@gﬂmm ahstep 3RO ncl udes

two tifgaswi ndows Ak 5RE718, b Yalud idfdatbd ﬁmhl cfe%cﬁon ﬁhbtp§0f FRMhd B&rent wake
strongest signal version (reference path 306). IS not wthin the
time occurrence. The new value is applied to the detecnon ﬁlter 502 to produce a new value

y for the current wake occurrence, n.
[0038] At step 718, the filter output value, y is compared to the threshold (yruresp). If y
" is greater than the threshold, (¥ > yruress), the method continues to step 722 where

remaining rake fingers are distributed in a concentrated assignment. Otherwise, the

N

method continues at step 720,
[0039] At step 720, the rake fingers are assigned in a distributed arrangement. In the
exemplary embodiment, rake fingers are assigned to the identified signal paths 302-312
and any remammg rake fingers are not assigned. L A
' tobﬁﬂ] At step 722, the rake fingers arc ass1gncd in a concentrated distribution, In the
exemplary embodiment, the rake fingers are assigned to the identified signal paths 302-
312 and remaining rake fingers are assigned to time offsets between the identified signal
paths 302-312. An exemplary method of performing step 722 is discussed below with
reference to FIG. 8.
[0041] FIG. 8 is a flow chart of a method of assigning rake fingers in a concentrated

distribution in accordance with the exemplary embodiment.



wi ndow, the method returns to step 704 to determne if other
identified paths need to be evaluated. O herw se, the nethod

conti nues 0. [0035] At step 710, the nunber

identified O%IO%%J ow pat hs 304-312 is updated. As exB?ijﬁ%pﬂG/%ﬁ%‘{?e
the identifi ed t| rre wi ndow pat hs are those identified signal paths
that are within a time wndow. In the exenplary enbodi nent, the paths
that are 3 or less chips fromthe reference path 306 are wthin the
ti me wi ndow. 05TR# ti ne wi ndow may be WO 2007/ 053838 PCT/ US2006/ 060409
051294 10 determned in units other than chips in sone

ci rcunstances. After updating P, the netHod returns step 704 to
determne if all of the paths have been eval uated. [0036] At step

712, al [06#2e i denAt fstepd8G, g;gﬁl sepaiyha tbame otmemoﬁml ngh&d holgy tﬁm}; version.
n Lt .S our

current wak I whet her t he f| rst

P val ues af tg&rc goﬁﬁ#llgfyaflszs e o fhie ¢ gﬂh%’{f gterqnee pfd 306,ig thef exgmplary
val ues are neonbetjmaht.t o zero, the nethod contl nues at step 716.

Q her wi he et t 714 where the fi r value is
set to e§] t hr es‘ﬁpﬁaﬁ?&%iﬁg%ﬁﬂ%@ﬁ?% BT the uas: %ff’)}‘{i i ment ,
filter B¢Put is Abstepd06,0t ishdet@ntitmdas Itmdts:dlg\nadl ﬂﬁg«wﬁlafb tehRidhg af hlteléast one
i ndi cate tha h treri

several P vaﬁ%%egggrﬁgﬁg él(rﬁ(%ésﬂ‘tq}hg’ ﬁgkeﬁl%gg%m sreaé%% %p g {)ﬁl ﬁ‘@%ﬁ ﬁ%\%ﬁ’@fh"ds
is not a sc@lﬁloﬁ%qdﬁﬁgst%&ﬂwel and the signal paths include |ine of

S g ht pobks. \Wienat e, Boyal H%e’ce?nutfeﬁ%e{h%&u§§¥ ﬁg ﬁfm Wfak(?ua? g %\é&gﬁﬁng‘ly, it

re are no identified signals pat
| ndi cati ng ti&cteammgd whether gis atpquabte 3 shipslIf kds Jess The ca@nudttecﬁ fiel thethod

val ue at, OrproB&HQ‘i‘ﬁ pirti'l@eltt@ Et@ﬁﬁg’i(ﬂwﬁ@l@"\@tﬂeﬂ%bé ah, ?@%qubeﬁﬁ%gése%% ltlé gtep 822

indicate a di ﬁtl’l but ed _si gnal path _arrangenent res
distributed ¥ ?’faé‘lﬂaE%fﬁmmeaaﬁlg%ﬁdep 720. [0037] At step 716, P

val ue i poagdat ed Aﬂstéﬂ'lsl(ﬁQﬁ@ﬁtith@ffséthé s@bqef b RMrefchBicE YE fF&@‘lus"‘@gﬁth offset

occurrence. The nwvalue gp plied tothe detection fi
produce a newSvhIe y“‘tf’fpof3 Ef Hae egiy effset ihRe ewelite drrcesferancy ofgg|mings u.

?t ep Eéﬁl) t h‘];&ccfotrdhhgly, ﬁiﬂlllt%}ilés %ﬂai/zuéhl )Sff?ﬁs ﬁﬁﬂ&lﬂgﬁ d.?a %uﬁt@fat&ﬂg&ﬁnﬁé Jeference

ynr. reat er e resno y > y

net hod cont |9ﬁﬁ%gﬁ§eg g Qi‘“&%&?e remai ning rake fingers are

di SE ri bmnexjt ina mm%ﬁdsmsﬂ Igrae@ﬁhme@:mﬁ@m Eﬁ: I%étﬁ‘@ffs&EEﬁC@emems of

;ggl Igﬂggi ﬂ‘ he %F())tf Lfegﬂﬁg(gp% 10 atéré?ﬁ%rcapg}yﬂﬁé%edqufm?nedl anc%ﬂé the path offset is
already listed as an identified signal path. If the path offset is not listed, the method

continues at step 816 where it is added to the assignment list of signal paths. If the path
( ~offset is already listed in the set, the method continues to step 814 where u is
incremented by 1. '

[0048] In the exemplary embodiment, therefore, unassigned rake fingers are assigned
between assigned rake fingers by % chip increments from the reference path 306 to
_ assign fingers in a concentrated distribution. Accordingly, rake fingers are assigned.to
offscts where no signal path was identificd resulting in incrcascd performance when a
signal path exists at one or more offsets that were not identified by the searcher as signal
paths. The probability that a rake finger will receive a signal at an offset where no path
was identified by the searcher increases as the scattering increases in the channel.
During fat path conditions, such as dense urban environments, the likelihood that a
signal path exists between the identified signal paths increases significantly. Tn the
exemplary embodiment, the concentrated finger assignment is applied during fat path
conditions and a distributed finger assignment is applied otherwise where the distributed

finger assignment is in accordance with convention finger assignment techniques, As a



exenpl ary enbodi ment, rake fingers are assigned to the identified
signal paths 302-312 and any remaining rake fingers are not

assi gned, gStop 722, the rake fingers arc assi

concentr at gﬁpﬂ;@st“ ution. In the exenplary enbodinent g@fﬂsﬁo@wﬁsmw
fingers are assigned. to the identified signal paths 302- 312 and
remai ning rake fingers are assigned to tinme offsets between the

i dentified signal paths 302-312. An exenplary nethod of performng
step 722 is fhlg¥ussed below with reference to FIO 8. (0041] FIG 8
is a flowchart of a method of assigning rake fingers in a
concentrated distribution in accordance With the exenplary

enbodi ment. WO 2007/ 053838 PCT/ US20061060409 051294 11 [0042] At
step 802, s ¥esulbeperBguatcet durtidye stofeh selierofind Beveks glimidal @REGGVaIR b@ikes for

ersion. Ac | t ual 19 t e chi set. .of the
\r/ef er ence pa‘flﬁé%g@g% %0 d eb%‘;(%t% 1 gg%/ng &N S ’r‘f‘g’h asg%[‘ﬁ%‘i%fmﬂf‘u?{‘% phestimpe the
u is set equilcessgermingldy @N@keeth@mbjz masiﬁmmnglbettdsmllﬁ‘e chi ps [ 0044] At

t 80 t d I msu ni.n
step @049] i s OphREWrRRE #SmY gﬂsé dﬂ&'%ﬁdgrktelgcﬁ ge 8Sangr g%]ﬁ%ﬁnay be

| east one fi nger remnmal NS unassi g
808. O her wi Sereseidedrasingdany pf @c@@tﬂ%y taf @ffGQHBZQJhn{»B@%]anﬁt teshJﬁQuéBOBFor

it is deter né)&%ﬂ)lé"hﬁﬁah%{stﬂdcﬁénsl %§1§nfa Hay) uﬁ’ygrrﬁ%i‘bﬁl sfglg?lg bf%ccs goﬂt ﬁ%%cmps

it is determ ned whefher us is
or equal to et PRy herRiSEnopd db@é,iéboq’f nthpa?fbaw edesctrmtmlepsygdﬁo remekeBit8. by

Qtherwi se, tﬁﬂt R K
oro hest gned ag%%i"“’ﬁ sﬁ%%%‘%“%"ﬁz&’siﬁﬁ%%ﬁ?ﬁs%?ﬁwée%ﬁw ) At or

ref erence offf % 1° %nyuco("‘ﬂ%ﬁlﬁl%fth%ré? = s + u). At step 818, the path

of f set [0esoget equahost Qoft 1811 r@f)@lﬂeﬁﬁtﬁepfd{)ﬁr@éld’c@ Y e vaﬁ&ﬁoflﬂlkt'?ﬂi% logical
mul tiples of,.1/.2 chip.offsets are a(flded and subtracted formt

reference pAPHSofPABYes, Clcpls s and Fleorihm 18epy ggseripedyt ing P@E@CMQ withd the

818, it is dmmdmmae@l dvsiﬁb"sétEhelbﬁlem@ﬁbe lﬁbte&%&daarseelé‘ét?dﬁﬁdﬁha%d%re Tc&ﬁputer
set of |dent|f|ed path fsets fAECtB Lar is determ ned whet

the path of fE& 4% af H?Fcfniss? s af ‘Fl%}ﬁ i‘lﬂsgates'fhg%éﬂ"erﬁh%%eahllﬁty of
the path of fisedwairs andtoftivatep dariduseilligiatiog compoiionty 8RS, HbdiPesd dBcuits, and

where it i's added Lot Ne AR IRTEN el 10fernSh PRl RALRS, AT “Fhe path

functionality is implemented as hardware or software depends upon the particular

application and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular application,

but such implementation decisions should not be interpreted as causing a departure from
( the scope of the present invention.

[0051] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application

~ specific integrated circuit (ASIC), a field programmable gate array (FPGA). or other
programmablc logic device, discretc gatc or transistor logic, discrctc hardwarc
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g, a combination of a DSP and a microprocessor, a plurality of
ImMiCrOprocessors, one or mMOre microprocessors in conjunction with a DSP core, or any

other such configuration.



offset is already listed in the set, the nethod continues to step 814
where u is increnmented by 1. [0048] In the exenplary enbodi nent,
t her ef ore, wonesgasRd rake fingers are assigned betweeRcagRhddb6@400
rake fingers by 1/2 chip increments fromthe reference path 306 to
assign fingers in a concentrated distribution. Accordingly, rake
.fingers -are assigned. to offsets where no signal path was
identified resulting in increased perfornmance when a signal path
exi sts at on€1g¥ nore offsets that were not identified. by the
searcher as signal paths. The probabili ;l%/ that a rake finger wll
receive a signal at an offset where no path  was identified by the
searcher increases as the scattering increases in the channel.
Duri ng f0@62lpat h c@heli stémnof sumbthad dersdgoriithadesenbed cnmeotmsctidthewith the
| i kel ihood t i t i N4t Ldent i fd si.gnal
pat hs i ncr eaglggocgllng?%ﬁsﬁ] géé%%%?yﬁ%riqﬁ ‘%@b%ﬁlgﬁg %rdé%ger%}g%githﬁ@r‘fﬁ e’tl}l‘{gd Software
concent r at edmprnlgexeeuied bnaamecebsor.apphisewmbindtiog of dite fvat h Acofisiate module
and a distri LNgen Si t gl j.ed erw

Biah elsidb NG R AUS HOAERAL hsh AMIP] RENCHMRE, WBBRON emory,

distributed _finger assignnment iIs'in accordance Wt nti1on
finger assi gRFBRDM @asivergjueagistons, harg\diskpe 2e058848 diskTA IGRERPV) €0 409 other

051294 12 1 gt df.std8d REIRMACE I inle Sk AWETxUABLS, EiBFR B ORRBRN is coupled to
term nal periodically awakes for sleep node to denodulate a pagin

channel i ncr&5duecepr|suCiiths PrRSIsARY ¢amarend inforppgion feame cendt varite) infeirmpidon to,

awake t her ebjhengiorapid ZidaguRatthethy ditefdtivd, 484 Yorddaosediah sl de infegtdlGo the
art woul d understand_that infornation and signals may bhe regresent egIC

b
usi ng any of PREGEPS efRe Biocqises et stasesriardirdeanrddedeini
exanmpl e, datmay irdkidel it Cf @A SrmGRNTTRNGS altbdbOvd Bld R0cesSo Ml the stBideS medium

synbol s, and chi%sd tbjh?st egag be re%c erenced thrqughout the above
descri ption Ty GE S P EEBR PEPB SO A USSRy r ent s,
el ectromesgiet i ¢ Waleprevivag desciiptién €f s disclopair dnttld@aent® Bipredted ioendble any

or particles, or C ination thereof. [0050] Those, af skill. .

woul d furt hef" Oﬁp?@gel}aalflg&? ﬁ‘gt%) f‘“r?ge \95}‘?30%3 pfﬁ[s?‘g§’E“%e£’g:f’§?e%la8§’i‘3c’§f)dlﬁ°aﬁ°ns to
bl ocks, noduthess erobodimetis, witlrite @hdjty afgparans tefivselgdtied betheidt, and the generic
connection w.th.th inents .di scl.osed herei.n may be.inpl enente

as el ectroni n%éélﬁsev\%erfgl{,&g%ﬁepr%f% Y bednp llﬁ(/g{r%’e?tﬁ%rret%boo If%lét?i %‘g&o&pﬁ%‘flﬁ%om
To clearly ithbypiritatrecopr of thetievaphiang &dios,| the yresént inaemdicarie nanihtended to be
sof twar e, vafiiQup ob |hy it ihes HBIRHISn 7k 9645 b RAYIES: mE et Siope

and

consistent with the principles and novel features disclosed herein.



steps have been descri bed above generally in terns of their

functionality. Wether such functionality is inplenented as hardware
or software depends upon the particular application and design ‘
constraints inposed on the overall system Skilled artisans may

i npl enent the described functionality ild varying ways for each
particul ar application, but such inplenentation decisions should not
be interpreted as causing a departure from the scope of the present

i nvention. 100511 The various illustE&AIYS | ogi cal bl ocks, nodul es,
and circuits described in connection with the enmbodiments disclosed
herein may be inplemented or perforned wth a general purpose
processdr, a dirgiciak sgitgmadmpriocgssor (DSP), an application specific
integrated cirguit. ASICD .a field progranmmabl e gate array (FP&A).

or ot her progrgﬁﬁﬁb & Ioglc device, discrete gate or transistor

Llogl c, gl scr quafhhaarrdm?]zrce?ﬁgmmmn@ﬂgﬁy a prugaaﬂgyoﬁaémifﬁats%hal ﬁah%rflﬁﬁlfx a
esigned to performthe n¢ s descri be erein gener a

pur posetrﬁ?S(S‘EB%rstBF NESPIHE: rg h@;e@l“ 5‘?85 SeAths gyingitime HECRE 8t nat i ve,

the processQrkeRYceher ﬁH&r%@ﬂé’rﬁﬂkhﬁ%'red%%‘iﬁ@?@?ake F&B%Phxhg‘efr of the rake
m crocontroller, or state nachine. pr ocessor may al so

i pl enmefreeiens adironiich hetvern bYo @dhpidentified sitnal padls time Oéfsets & accordance with
conbi naE Icg&eﬂtfratﬁ)n%% 1g?lgl%aﬁlsrﬂo% Qfa{e%a%§1%ﬂ{er toathQ l‘a"T'< %ce \)ér Q)vherem sef ?i]tlme

m cr opr 0Cessors, N conjuncti

DSP cor effsabiis caffyrenuhhlemesmﬁbffsamfdf gau’haif tlwpluMQyZﬂde(fiﬁB&B@nal paths.
PCT/ US2006/ 060409 051294 13 [0052) The steps of a nethod or

al gorithm described in connection with the enbodinments disclosed

herein pry beagahditedcdhpi®@ldy in hardware, in a software nodule
executed by a processor, or in a conbination of the two. A software

modul e  may. @é@hd@awh@rmmgmwpydenpfmnluf?@mfydem@w FERBIrathsERROM
gEE)-nDRrﬂx/i tra;ﬁﬁﬂ@% erE(rBE)Xt?tusetgé ﬁ{lﬁed J?%‘faﬂsé%'t}%%avﬁl LeoMRDle disk, a

or any ormof stora Um known in the art. An
exenpl ar y st mfaagah rectctontordighoadgb eldtettca fat reeh pondaessasedsanchednbentration of

process an.read, information fro and wite information to, the
st or age' ﬁ'l QHV ?l‘f‘ef”ﬁ’é C{ﬂ ignal Raps: \?Ecrp the storage nmedi um nay be
integral to &heg erﬁés@%@ﬁ@&{féu}_@i&o%@@ﬁ%@ﬁ tharfek gabecontRloRgdedéredidim may
reside in an ASIC. The ASI reside in a user termnal. In the

altern a@qr\c,‘@qtraﬁqieﬁrtg,eb@%g@g)‘ematﬁ@sqlg,@atsl@@p e akiedinggnfo a time offset between time
offsets of two identified signal paths of the plurality of identified signal paths, wherein said time

offset is different than the time offsets of each of the plurality of identified signal paths.

3. An apparatus in accordance with claim 2, wherein the fat path detector is configured to

detect the fat path condition based on a number of identified signal paths within a time window.

4. An apparatus comprising: ,

a path searcher configured to identify a plurality of identified signal paths from a
transmitter to the apparatus, the identified signals paths having time offsets;

a fat path detector configured to detect a fat path condition based on a number of

identified signal paths within a time window;



may reside as discrete conponents in a user termnal. [0053i The
previ ous description of the disclosed enbodinents is provided to
enabl e any person skilled in the art to make or use the present
invention. Various nodifications to these enbodinents will be
readily apparent to those skilled in thé& art, and the generic

princi ples defined herein may be applied to other enbodi nents w thout

departing fro?1 the spirit_or scope of the invention, Thus, the
present i nveht&i a§§g'??61°°‘i‘ Hﬁ”é‘?f’d‘@d‘s%‘%“ peen fhenfpt Ragh eiditins ie AgeeiPdrent s
shown hesRbirdtl fihger h&i %eﬂ@ﬁ)oarsggﬁiattl@%t BhABRE fiREPREa tlﬁQ'B?fs@ttb%Meeth%
the principles and novel features disclosed herein.

r ecei vepiTaysefdmosiampk pashsry theplhukty ofetgmilmaths; a pat h sear cher
configured t i I nt at hs a
transnitter %S&gﬁg&fg%é§¥g¥ﬂk%ﬁé &E%%? ?ﬂfﬁ&“ﬁgﬁs S pafﬁgaﬁgaeﬁﬁa i me
of f set sindanthr and ajpevices éiteesutpuitnger assi gnor configured to assign a
rake receiver &iqger oflthe rag receiver t@va time of fset between
two of the i YEHE:FERYG KA cohgrred fheengricseirbPath indicalr daficasingjatipf path
concent gadditn vHenShaf@ér PEfuRs g;réé@émaantmrésﬁ&asm tter to the rake
receiver, wherein said tine fset is different than the tine

of fsets of each of the plurality of identified signal paths. 2. An
apparatys co 0 r i i.fy

o Orari Ty of TadnerRysl RheRe MG p UL U RO B IR e
appar at esyprishe i dentified signals paths having tine offsets; a fat
pat h detector,.confi ath condi tion_base

concent r at i och''8F W”fcﬁév S lﬂj?%ﬁ’\gﬁr)?o'&/ﬁgg‘ir%i:tﬁtdie ef'@ﬂ‘eéheg'ﬁﬁnbebélf %“t'gﬁcﬁ%’al paths
finger wBkihgnoie wdbivgured to assign, when the tat path condition is
detected, a concentrated finger assignnent to assign at |east one
rake finger to a tine offset between tinme offsets of two identified
signal paths f dhenRlinb&lohda 9& h‘éf% Isf g Iefher is |
said tinme offs%% 'S dlffgrenf t an e %ﬁﬁgﬁof nggﬂgﬁﬁ%g %ﬁf?ﬁ%m'n
pl ur al igcyordéndedetiti fi ed si gnal paths 3. An apparatus i n accordance

wth claim?2, wherein t ect ur ed det ect
the fat path cona/(r%lor?TS Qg'gﬁﬁ%p‘ﬂﬁ%e¥m§ f@g P gHS§I SPC%%?ﬂg”ﬁ
Wi t hi n aa dcbdyetonmhdbieasufed A ap RafiaizZdSorCONRE hkbRAernAnd Y BRARCHBEber of

f
conf|g%gﬁw\mguégggkkaxmnglurallty of |dent|f|ed S|gnal paths from a

7. An apparatus in accordance with claim 4, wherein the detection filter comprises a Finite

Impulse Response (FIR) filter.

8. An apparatus in accordance with claim 7, wherein the FIR filter is configured to average

the filter output values with previous filter output values.

9. An apparatus comprising:
a path searcher configured to identify a plurality of identified signal paths from a
transmitter to the apparatus, the identified signals paths having time offsets;

a fat path detector configured to detect a fat path condition based on a concentration of

the plurality of identified signal paths; and



transmtter to the apparatus, the identified signals paths having
time offsets; a fat path detector configured to detect a fat path
condi tion based on a nunber of identified signal paths within a tine
wi ndow, 15 a finger assignor configured to assign, when the fat path
condition is detected, a concentrated flbnger assignnent to assign at

| east one rake finger to a tine offset between tine offsets of two

signal paths qof the plurality of signal paths; a detection filter

configured t8 ‘Qéﬁéﬁ%&g@réoﬁ‘f w@r togatightvhsa shedaprtihcandiftas s Adeders gat h

i ndi cat @5, aRehiad RERY amgmﬁeln {oearss,lg%ﬂqe&st o@enqk@ﬂﬁdgér %) t.%to@t@& b%ﬁ@éeﬂ%ﬁér

configured to generate a i ndicator indicating a fat

condi t i effseiheliworsigni FP@tﬂ@rOfdhﬁ qziutallt}sofqr@at mthﬂwmnelathdﬁl@haﬂsmnoas An

faEPtaLgt Ugnﬂ e%ctg 955@&@%? Méelps 1% J%J%ﬁs[eﬁvggg%eﬁt Heé ggnafl agthgg‘ltl to tlnrr(?el gf?se?s at

determ hﬂftlhglrruum‘inmts fb(ﬁmladeﬁetanfse agneslpguhal pat hs wi t h| n a t| rre

w ndow, 6. An apparatus in accordance with claimb5, wherein a

response of the detection filter is in accordance with: y(n) =
.95y(n-1p. + . RS RfpatatudRERisthgt S the filter output, nis a wake

occurrence of an access ternlnal measured froman initialization of

the access t@&p#hsearcheapenfures to fidentilirbrlprabity ofpdanéicdiighd! pats fiomea

W NAOW: 1rdnsnf¥er P BRBbAt Mn ARG ARG, avrgpptapls%ghg%e o\?ﬂ?t{gf' n the

det ecti on ter conprises a Init onse R filter.

8. An appar azu {as path dafector ctarﬁ'rgerednto hetecttau fan path wdndit@inrbatddeonfa ddnténttagon oS
configu . r t he ut put values with previous filter
out put @8@&5@“ ?4%# ?ﬁ%ﬁ@& rising: a path searcher configured

to identify @ﬂ@édﬂﬁﬁlgnbyc@ffglu%ﬂﬁb 'aishﬁldv@brﬂfh@'fatﬁﬁm'tﬁ)nﬁiftl‘éml@detected a
transmtter to the apparatus, the identified signals paths having

tine of fyseyrated finger %fé‘tgﬁmé@‘tté@ﬁ%gn L deret wrréla: fingeg et aitne gffseipetygentime
condi t i gmscpatedo QA RARGE " L0 Pkionki Orl;gl gS?eI inh Th¥ ff?\gel a@?%%r\,\;‘ﬁgthel

signal paths; and™16  a finger ass$ignor red to
t he f atcqnéighred dmalisignaake fsngdestandyt ®dimeoftsets of identified signal paths when the fat path

indicator indicates a distributed signal path condition.

1. A rake receiver system comprising:

a path searcher configured to identify an energy and a relative time shift for each of a
plurality of pilot signal versions of a pilot signal transmitted from a transmitter to the rake
receiver system to identify a plurality of identified signal paths from the transmitter to the rake
receiver system;

a fat path detector comprising:

a detection filter configured to generate a filter value based on a previous filter
value and based on a number of identified signal paths within a time window from a reference
signal path corresponding to a highest energy pilot signal version; and

a filter output evaluator configured to indicate a fat path condition when the filter
value is greater than a threshold; and

a finger assignor configured to assign rake receiver fingers at time offsets between

at least two time offsets of the identified paths when the fat path condition is indicated, wherein



concentrated finger assignnment to assign at |east one rake finger to
atinme offset between tine offsets of two signal paths of the
plurality of signal paths wherein the finger assignor is configured
to assign rake fingers to tinme offsets of identified signal paths and
to tine offsets at half chip increnmentg froma reference signa

path. 10. An apparatus conprising: a path searcher configured to

identify . Lurality of identified sjgnal ths froma transmtter.
to the SPpAvGE imahtrarc rreatErgia S dPre Dot e e AlBraiEling
fat pat bigdgitesor configured to detect a fat path condition based on
a concentration of the plurality of identified signal paths; and a
finger assignor configured to assign, when the fat path condition is
detectedp a ma&%&en@ér%gstémmg%co?o%ﬁeegpi@f?aai1¢ 1,%&&@&%& ERPhe O
rake finger to a time oftfset between tine offsets of two 'signa

pat hs ofurthsecehprised:i ty of signal paths wherein the finger assignor is

further confi.qured,to Si rake finge only,to tine_.offsets .of
i denti fied sf‘B‘ﬁ‘§|w‘5%%%Eaat\/\ﬁ%%ﬂ?rhceo“f‘é‘fre%g’t‘LG%GFP“HB%E%P‘HPB‘?ﬁ?&i‘%&f‘ﬁ%ds sjgnal paths
di stri butitath stigaalingath condition. 11. A rake receiver system

conprising: a path searcher configured to identify an energy and a
relative tinme shift for each of a plurality of pilot signal versions

of a pihot signale téANSHddedohp@m@ transnitter to the rake
receiver systemto identify a plurality of identified signal paths

from the tranB#hseaseher eonflearadgR édentiBoan anergy spd peerptive trag sipfifer each of a
detecto apr4 S Ng: kon. filt cont | ed to generate a

11 tor UuFaEPRL L Rend ERIGELE BB sl o M2 ERh b RN AL B
of i dentecéivadystegnalidepafyhspliality of iderttiifiow sighslghaks ffroamha traedneirtenoehe rake
signal pat.h corresponding to a highest energy pilot signal version;
and a fiCTE" S Put eval uator configured to indicate a fat path
condi ti on whemt itk dbfebtbfEomptiinge is greater than a threshold; and a
finger assignor configured to assign rake receiver fingers at tine

of fsets between adetgcagn filtengonfignisd &F genetase ofiltervelvedesad oni apreyiathilter

e ey LA ot S VLR G 0
pl ur al i signabpath demtspbndiolg tosd lgigbdst patrdyspilol Rign# vesskan; r ecei ver systemin
accordance with Cal fﬁ%erpo&t]ﬁht m?ura?oir r(IZOI’tl lg%rgdat% ir?cﬁct:art]e g?att %gtliﬁcc):gndition when the filter
value is greater than a threshold;
a finger assignor configured to assign rake receiver fingers at time offsets between
. at least two time offsets of the identified paths when the fat path condition is indicated; and
a time window path counter configured to determine the number of identified
signal paths within a time window wherein a response of the detection filter is in accordance
with:
y(n) =.95y(n-1) + .05P(n), where y is the filter output, n is a wake occurrence of

an access terminal measured from an initialization of the access terminal, and P is the number of

identified signal paths within the time window.

14. A rake receiver system in accordance with claim 13, wherein the finger assignor is
configured to assign rake fingers to time offsets of identified signal paths and to time offsets at

half chip increments from a reference signal path.



further conprises: a tinme wi ndow path counter configured to determ ne
t he nunber of identified signal paths wthin a tinme wndow. 13. A
rake receiver systemconprising: a path searcher configured to
identify an energy and a relative tine shift for each of a plurality
of pilot signal versions of a pilot sidBal-transmtted froma
transmtter to the rake receiver systemto identify a plurality of
identified signal paths fromthe transmtter to the rake receiver
system a fat path detector conprising: a detection filter configured
to genenate aafibiRiyalHsidased on a previous filter value and
based on a nunber of identified signal paths wthin a tinme w ndow
from a ref er eqaecher megnsdbr idantiymgrarpeerpldmi dif pignal paths Hiogrhegansenigergy thsi | ot
si gnal Lon, a.filt put. ev r Lgure 0. ndicate a
Fat pat oenua el R R BBl FRR B Rl

t hreshol d; adétengeaneas soghaicticpatit guhednditoabstd on b akieceh@a@invdithe plurality
fingers at. tinme offsets between at least two tinme offsets of the

i dent i f PEYSFAPHES WA & HBe Ado%afhd condition is indicated; and a tine

wi ndow pat h g@uRbehesRTbI BYLRHAl PhAQhErAHAR cbRBLisHRRRRf. Jidastdti-ad
signal paths within a tinme w néow wherein a response of the detection

filter flagirio adeeradiapiceetwegnitime gffseys of twoslentitied) signal paix of the plyealiéy 9f i s
the fil : ' n : I

roasur e P Bt plles, 3ol RAPSFRATEABlen: B AETERCOARETRD orye
nunber pluralitdefitiedtifed sgingin@thspat hs wi thin the tinme wi ndow. 14. A rake
recei ver systemin accordance with claim 13, wherein the finger
assignor is configured to assign rake fingers to tine offsets of
identifiged siggngpapakkRsmpadngo time offsets at half chip increments
froma reference signal path. 18 15. An apparatus conpri sing:

sear cher nmeahsarHer MEREWLPT YeHEYiag giplality of signal Ppga fompht s e te

From a FaFa kot EnaBRAs Bhhe (O I R TRe ST ™S Fat Tpath
condi ti on basddieonr aneceondendetedtingna ddt patfe cphditial based @f asiogoailtrapart b the
W thin glu;ceiilip)?of\l\sﬁig%glp}\al\éthsavr\}ghin a time window, the detector means comprising:
a time window path counter means for counting a number of identified signal
paths within the time window;
a path number evaluator means for evaluating the number of identified signal
paths within the time window;
a detection filter means for generating a filter output based on the concentrated
path indicator and a previous filter output; and
a filter output evaluator means for evaluating the filter output to generate a fat
path indicator indicating a fat path condition when the filter output is greater than a
threshold; and

an assignor means for assigning, when the fat path condition is detected, at least one rake

finger to a time offset between time offsets of two signal paths of the plurality of signal paths.

17. An access terminal for operating in a wide-band code division multiple access

(WCDMA) communication system, the access terminal comprising:



assi gnor nmeans for assigning, when the fat path condition is
detected, at |least one rake finger to a tine offset between tine
offsets of two identified signal paths of the plurality of
identified signal paths, wherein said tinme offset is different than
the time offsets of each of the plurallPty of identified signal
paths. 16. An apparatus conprising: a searcher rreans for identifying
a plurality of signal paths froma transm.tte aratus

si gnal s pat hgr%ﬁ\;%‘?bvef F%“%? Pg"éatrpgy f’{r(? EPOFIEE ”@ﬁ‘i?et rﬂﬁe{? et ﬁonfég”re%

det ect opra¥eRnldRlitydgtRabl wesichsiob sRahinr&mom et ifdmh HBH8dadbn & the access
concentrati on of the plurality of signal paths within a tinme w ndow,

the det &ngpl ﬁ@arﬁ%e‘Wrﬁi’rtih%Ff’r‘f@ récgiver figgsft:ndow pat h counter means for
counting a nh‘ﬁgﬁrseé?éhe'rggrmgufréae(g i&dn®l nen@?gﬁ{r}%d‘é‘rglgﬁ\% ttirpgslilft é’éﬂclrx-' O

a path nunber eval uator neans for evaluating the nunmber of identified
si gnal Pbmlhxsowtorqsugn@lrv@rannmf wipHotognahtratemettadi foom ﬁltdatxsmttnemnbe fooess

gener at I t the c ne ntrat at h i ndi cat or
and a p#eglgfn%hs lgenl%fy ou%q'%f) ?ldgr%bfo ra(’5 $EeL RSB e b@é/e Ttgéﬁ" P RGeS f or
eval uat tenginahe filter output to generate a fat path indicator
indicating a t R%th condi tion when the filter output is greater
than a thre$ SIBIORFOTRRE }or. means for assi gning, when the fat

path condition ' Sa @@éc@l%ﬁ?ﬂ"‘ter @5nﬁ 8Rato Qéh%rart@i(ﬁlterfdaﬂgqfasetd%naa ﬁﬂe%us ﬂl];ex
of fset between tinme offsets of tgwo signal paths of the plurality o

si gnal pdehand bpyed Qﬂina @!@@'@@@ftd@rlhﬁﬁbﬁlgrfabpat@wrtbm|artgna wingowi fohen bagference
code di %‘gﬁdﬂ?&h% rEg c? g?ocgﬁ%gesg %%%Eélloq% a nvle(r:szlitnI grrl]d system the

access nal ver aV|ng a plurality of
rake receiver fi mgféhta outpluee\raalaﬁ)rrcemégwaf toowtatgwlfa&(fbaﬁhcbopﬁm@ﬁ&&eﬁthe filter

plurality of signal ions of a signal transmtted froma base
station’ %f‘b 'tsﬁéea%(igﬁlg él?qrﬁ and received by the rake receiver

fingers; a path Wgéh@é'mg%@f‘édngﬂgﬁl%d td QSslgl(ﬂQF@ ﬂaT&’ré@Eﬁv&ngys a’%'f'i%eaoffsets
relative tine shift for each o | ura | ot signal versions

of a pilebteasiagieapt twpéwmffieﬁwfﬂhedﬁ@ﬁlfteﬁm@Wﬁ@thetf@i ptaﬂecwdtf@sss indicated.
termnal to identify a plurality of identified signal paths fromthe
base station to the access termnal; a fat path detector conprising:

18. An access terminal in accordance with claim 17, wherein the fat path detector further

comprises:
a time window path counter configured to determine the number of identified

signal paths within a time window.

19. An access terminal in accordance with claim 18, wherein a response of the detection
filter is in accordance with:

y(n) =.95y(n-1) + .05P(n), where y is the filter output, n is a wake occurrence of
the access terminal measured from an initialization of the access terminal, and P is the number of

identified signal paths within the time window.

20. An access terminal in accordance with claim 19, wherein the finger assignor is
configured to assign rake fingers to time offsets of identified signal paths and to time offsets at

half chip increments from a reference signal path.



a detection filter configured to generate a filter val ue based on a
previous filter value and based on a nunber of identified signal
paths within a tinme wndow froma reference signal path
corresponding to a highest energy pilot signal version; and a filter
out put eval uator configured to indicatéla fat path condition when the
filter wval ue is greater than a threshold; and a finger assignor

confi gur assign the rake receiver fingers at_tinme offsets

bet ween g g\ppargkys tn ?Féoglla?%ee‘t’%h grint he Whaesht theifvgeinstigeonih Erthehe
fat pat Goﬁﬁgﬂl@édttb 9§b|g|§rak@ﬂh§@=§ 88y to t]'rt%e oﬁget?-gpl@@lﬁlﬁe@rs nBRYatidwhen the fat path
accordance with .claim 17, wherein the path detector further
conpri séwlicagpriindigatesiadigvibyad hlgC@Lmtheqonél@nﬁl gured to deternmine the
nunber of identified signal paths within a tine wi ndow. 19. An
access termnal in accordance with claim 18, wherein a response of

t he det @2t i onA nidthddesf assigning eake occdavec Bngurd, the yéthdd com@Byr(gn- 1) +

. 05P(n), Wnere a wake occurrence of

t dlt ULt th
access termilf IS q\érﬁmyr%ﬁﬁg%‘ﬁ'%ﬁﬁF'@P%{Ipﬁ?éfr{’w ins téeré?:g‘@sa‘é’pa'atus the

term naiden@paj sl?gﬂa% ;tah@ HAVR @Im X frsetsGRIM b fdf@edh@ignal paths within the
time window. 20. An access term nal in accordance with claim 19,

wherei n t he f§teriiae adaigiaghenndition begadranggoserniratiensef the phusalisy of gritiedisignal
tine offégtggsdm@f identified signal paths and to tine offsets at half
chip increrfents froma reference signal path. 20 21. An apparatus in
accor dance wissignoigawheritie faMpemmondrttlhe ifdergeed, assicgnorted Sndeuadshpment to

conflguredt e fin nly to tinme offsets ntified
signal paERS {/%ﬁ%r?n? K (e?fké'tgerptgt 'm? %@ﬁeég?twer\ THaf 8@?6&0%""&'gffnlt'%ﬁguﬁ'éﬂal paths
si gnal pahbprendy bf identifRd.sigha R0 dhereintatd ©hé BFsct AkBFfERREhYEhe time,
fingers, the nmethod conprj si ng?ntl dentlf ing a plurality of identified

si gnal pterofreaghefahg P%.‘F%‘l‘d ki tft?dtstﬂéa ratus, the identified
signals paths having tine offsets froma reference path; detecting a
fat path condition based on a concentration of the plurality of

i dentified sifgmethodpaadeerdaaedwib siagni2hgyhanhidi deteetifgtonpatsks dmenting iterfat
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signal paths of the plurality of identified signal paths, wherein
said ti ﬂle of fAs I%tethoa oglasfs]:g%ﬁnegnrtaket rhe?:'glvérhfengte}srrt?le method comprising:
identifying a plurality of identified signal paths from a transmitter to the apparatus, the
identified signals/ paths having time offsets from a reference path;
detecting a fat path condition based on a number of identified signal paths within a time
window, wherein the detecting comprises:
generating a filter output based on a concentrated path indicator and a previous
filter output; and
generating a fat path indicator indicating a fat path condition when the filter
output is greater than a threshold; and
assigning, when the fat path condition is detected, a concentrated finger assignment to
assign at least one rake finger to a time offset between time offsets of two signat paths of the

plurality of signal paths.

25. A method in accordance with claim 24, wherein the detecting further comprises:



of fsets of each of the plurality of identified signal paths. 23. A
met hod in accordance with claim22, where the detecting conprises
detecting the tat path condition based on a nunber of identified
signal paths within a tinme w ndow. 24. A nethod of assigning rake
recei ver fingers, the nmethod conprisingl identifying a plurality of
identified signal paths froma transmtter to the apparatus, the
identified signals paths having time offsets froma reference path;
det ecting a FEtB&the waHEr of Gantfipdetgnahprathsiithie fhedfmg Widens i ed si gnal
paths within a time w ndow, wherein the detecting conprises:
generating a filter output based on a concentrated path indicator and
a previébs fAImfélﬂOCblthapmrdar@ndV@GJImma&SL wherainfthg geyatating il aatontrated path
i ndicati ﬂh ?gpggetsh condition when the filter output is greater
than a t res and assigning, when the fat path condition is
detected, a cgemmntgﬂ@derftralr@iqratmsicgmmne bfoneadeh gite Aimbee as Ideminfed
rakefln er t% rhmﬁo%set ent| offsetﬁ of two si gnal paths
of the. BTl PATS g MET HER GhIES o AHELeroBeE PG HEATHO {1 BT daneenit h

cl ai m 2dgncehesi&i puth ARl 9eluk 8924t r diRgfviseonpri ses: 21 counting the
nunber of identified signal paths Within the time window 26. A

met hod in accordance with claim25 wherein the generating the
concent ted i
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equal %Ilé r{ 2 conclentrat ed pﬁ th indi cator val uew%f zero,. . .
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gener at ihe@cdebetefrhinb g tndREPHE nuGBEVTTi FREFIGEE SRR otk WiRan kild 48 wildbRut
in accordance with y(n) _ .95y(n- 1) + .OSP%ﬂ where y is the
filter output, nis a wake occurrence of an access term nal neasured
fromamgniti [ t ,
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offsets a &l P hcr ements from the reference si gnal path.



