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BACKGROUND Rel ated Applications [1001] This application clai msqgy D&Ci 2806t o
u. S Prowa} @g _Appl ication No. 60/389,091, filed on June 13, 2002. Field
[ 1002] The |5)r &1 nvention rel ates generally to data conmuni cation, and
more specifically to techniques for protecting against merging of

denodul ati on elenents (or fingers) assigned to process nultipath conponents
of a received signal in a WI reI ess comuni cati on system Background [1003]

In a wirel ess ‘FIN@.I?NI. rﬂ% 9(1} g froma
transmtter may reach a recel ver Vi a a nunber ﬂs@%@él@@pﬁw E€§Ito

artifacts in the propagation envi ronrrent (e.qg., building, natural
structures, and so on). The recelv If('; t the receiver may t hus

i ncl ude a nurrber of multipath corrponen each of which corresponds to a
signal instance received via a particular signal path. Since the receiver
may al so recel ve Si qnal s frommultiple transmtters, the received signal nmay
i nclude a Agpligitionspat h conponents for a nunber of transmtters

[ 1004] For St C fde o] G

bt ocess a f“%e'”? TS R BRRORHNEY 10 P PRt aPERGHEA TRE Y e
recei ver nd@OrBBOl081, filed bndes: IHR00E. nore searcher elements (or sinply
"searchers") and a nunber of 4 denodul ation el enents (often referred to as
"fingers".). Each searcher may be operated to process the received signal
to search fggggstrong nultipath conponents. Each finger nmay then be assigned
to process a particular nmultipath conponent of sufficient strength. By

assi gni ng fd#G2ipl eThe pg:emrﬂ ineengion cebiesageameniiiyr toodatanebtninpatidationmpahawnts and

then conbinin est tes fromall a ned.fjin nore of the
e grgy in ItSH‘Lec‘iq?ai%’ %C&lﬂiq“'a% 5 mrRleciRe ﬁ%’ﬂséz‘? ngQf d;"‘ﬁ’gﬁ'b\?fé@’ BJQWBﬁSr{ﬁﬁce may
be achi evedingbkP@Sdiofeaah prbideks ﬁﬁﬂ@pﬁ?%ﬂ@%ﬂénté of assasiat ﬁ%néﬂ" ihh @ilREd i cul ar

propagati on del | ay and a particular tine of arrival at thé receiver, both of
whi ch are demsrumi¢aéidn Bystathe 1DEC 2976

Background

[1003]. | ~ In a wireless _cornmunication system, a modulated signal transmitted from a
transmitter may reach a receiver via a number of signal paths due to artifacts in the
propagation environment (e.g., building, natural structures, and so on). The received

signal at the receiver may thus include a number of multipath components, each of

which corresponds to a signal instance received via a particular signal path. Since the

receiver may also receive signals from multiple transmitters, the received signal may .

include a number of multipath components for a number of transmitters.

",

[1004] For a CDMA system, a rake receiver is often used to concurrentl); process a
number of multipath components in the received signal. The rake receiver normally
includes one or more searcher elements (or simply “searchers”) and a number of
. demodulation elements (often referred to as “fingers”). Each searcher may be operated
to pfdcess the received signal to search for strong multipath components. Each finger
may then be assigned to process a particular multipath component of sufficient stfength.
By assigning multiplc; fingers to process a number of multipath components and then
combining symbol estimates from all assigned fingers, more of the energy in the
received signal may be collected and improved performance may be achieved.
[1005]  Each multipath component is agsociated with a particular propagation delay

and a particular time of arrival at the receiver, both of which are determined by the



WO 03/107555 2 signal path. For a wireless comrmuni cation channel, and -
especially for a nobile effisironnent, the signal pathgamy contihiallf§ 2006
change over tine. Thus, as™part of the signal processing, a tine tracking
| oop i s NOPHIIFPShai ntai ned for each active finger and used to track the
timng of the nultipath conponent assigned to the finger. Each tine

tracking | oop woul d advance or retard fts timng, as necessary, so that it

remai ns | gcked 0 {.he changing arrival. ti of the assigned multipath
corrponentflglfaio%ﬁ" Atort ﬁewgglg??a?mﬂﬁ}uﬂécaﬁ%r?gg?neﬁ’h%“cglﬁ?ﬁe\???‘ytﬁ%ﬁe% I%Ci'bp wo or
mor e nul t éda@ioRmef TROSSHHI atiBYm AP BERRGHIF LRARe (ReLARE. Ot as Mhesr ithe
difference between the arrival tines of the nultipath conponents is equal

to or | esyzrA@rocEsyieg, witipeg wickingy lesh &l rbrmahy maintkinedr sadoamioe dinger andpear as
an energy._"RQl ob" d the assjgned.fingers are not I 0 resolve them )
Consequenti® ,togﬁ?ggglefﬁllﬁ’d’@r@%h%m l@ﬂbgwp?qeggﬁﬁsﬁeﬁﬁ%ﬁ?a _ eﬁu%@?}b_ﬂm‘? _
conponent gadi B WD adhh&or 828 [t8lndif 38 nedds9€ soTRAIA Rehains BEIEJTEr 9i NG
effect is wundesirabl e because the fingers would not be able to track the

i ndi vi dualo the Fhdngingarm ¢d mponefribs asstgend nhidtipitlypethpgranhs  subsequent |y change
and the l.t-pat h, cqnpanent s ve a fro ach ather. Once rged, the
fingers gﬂr?h bgéA‘SeﬁEel f‘?ﬂage%aél?sg&é@ge’a mﬂ}(g] g'g}?éfq%t@vooﬁf d{lq{g&n%%gtgsi gni ng
these mul ¢dmpdhehisHEBS HpkdhcRRRE EScdchtlRC SVNRHhS HERAnce BESvLA e arki#407]
There is therefore a need in the art for techniques to prevent the fingers

of a rakémepebihemultipgth eameinggistis gapdlcio. ordeMhRy a Jaridodyr thesshelidgthes are
provi ded el or performng finger nerde pratection in a nanner, to

b ovi de. i MGGl She PEbARE" %o ah B8Ey BleRh A BiecSanty bleds eROARR S are
cl ust er edtoCleasife then NEorRBQIdARY, theseTingetidleld chap Patking el ehintd @nitipwdi ch is .
described below). For each update comrand to adj ust t%e timng OP a

parti cul afompenege @ Phergiprnon offen refspredio asc Aingrumerging’i gy wemine wWfactis mer gi ng
(S to be Eﬂ&gﬁ@ﬁ?%k%&'%@%iﬁ‘g&ﬁ%ouzﬁ)%?%%' : fté”trag?rﬂ?é ﬂ'ﬂjr%{ziﬁuatlgﬁ gl O med
or each candidate Tinger, e~”g., one at a tIne. or each candi aeflng_er,

a conpar i sanparenpexsficr tire digusl paghd hdsporntly ehamgk dnliehd aulgdath tdmp@tentst he
position of the candidate finger, and a nerge threshold. The position of a
finger i sTONHRWAY ifxpE gachiofera ce apergsdrdhe HRgae camet o sy sepaseisemndpei ng

pr ocessedgyhentfiatont 4Gy adiolficShiicNAhiR s BBAS MOELBSE BRhQi NY 1S
detected for T j*(gécoanarﬁ]lﬂ%latyea *H nger Q%)casetg%on lt%eg@?c:%‘par lgsonfgrcesuﬁlt e %Er gi ng
may be detedted if the absol ute

[1007] There is therefore a need in the art for techniques to prevent the fingers of a

rake receiver from merging together.

, SUMMARY

[1008]  Techniques are provided herein for performing finger merge protection in a
manner to provide improved performance, especially when the multipath components )
are clustered close to one another (e.g., under “fat path” condition, which is described
below). For each update command to adjust the timing of a particular “target” finger, a
list of “candidate” fingers for which merging is to be prevented is determined.
Detection for merging is then performed for each candidate finger, é..g., one at a time.
For each candidate finger, a comparison is performed using the position of the target
finger, the position of the candidate finger, and a merge threshold. The position of a
finger is indicative of the arrival time of the multipath component being processed by
that finger. A determination is then made whether mergingA is detected for the candidate
finger based on the comparison result, Merging may be detected if the absolute

difference between the positions of the target and candidate fingers is equal to or less



‘différence between the positions of the target and candi date fingers is
equal to or less f 3 DEC 2006 WD 03/107555 3 than the nerge thgésﬁéll'jdzmﬁ
whi ch may be set to | ess than one PN chip. The update command nmay be

di sal | oned W8M34%&5% arget finger if nerging is detected for any candidate
finger, and may be allowed if nmerging is not detected for all candidate
fingers. [1009] Each active finger assi ggned to process a multipath conponent
may al so be classified as either a "preferred” or " noniqpreferred" fi nger.

The pref er tan Wergeigs thispholde whithsmaniberses ¢ dasgdhaspamEN sltipenbtthupdite t hei r

. q : _ noer. . if it i
Finger . mmyBEREH BT SRBhSuer i e MLy herkbe S GuPAEI B By
non- pr ef er cecdigae dimbet,eafd agerbe whowbd R ynddEing Uy att i Bekeddfor [A0EA]didas i ous

aspects and, enbodi nents of the invention are described in further detail
bel ow. The f§¢%ntion furt her provi des devices, integrated circuits, nethods,

program co t eryl pal s. i t . r s and
ol enent's RO, ol ahCaio JARE: 2 his R protdey Sifua s <SGl ERRE L0'BES, 1O
i nvention, casSsifid@as eithach fprefentd’ her “wigt@efered? GvpeBRITEMpORECRIfpeNNE) THE

DRAW NGS [ 1011] The features, nature, and advantages of the present

i nvent i on IO atEnrongsy Benabpaeneh for thes assignedamitingth ¢RE=nonPws| éntas®t fort h
bel ow when L. .conj ' ' h i ' [ l. & . ence
O i A s o L L T
i's a di agr aeeofed dotmsen-picldricdrrandidata fingeniwhidh hay be wbval @stead.conmuni cat i on
system Hii‘ﬂﬂ]l:l G. 2 is a block diagramof_ a rake receiver;. [C&OM] FIG 3
shows an e e r SERPYRRPPESyAaE cabofimeniephihgdnvention fy descrbedy ins HEHher one

| mpl ement algeon Qéloﬁfhe'[ﬁ?lﬁﬁvérﬁi%ﬁiﬂéﬂﬁelj Procﬁh}@g rd%;vic:eg Ldlaiéd 9[:&161%7?{1%]‘}%1@ 6is a

ti_r_r_ﬁlinefor updating or the PN posit one fl1nger,
bl ock di agmpasgrad: ades, ngeminaiey brse pradioes,t systemsFMR) othiet tppardt0£8]anBl dBSneitd

t hrough 7D graphically illustrate th pnput ati on. of the. di fference between
the PN posithitolPIERCH yaTaiy SiD08(5 CahRdiEE's Fichartures Aof el GRYupRGasy s a
flow di agr %@L&fbe&iﬁf&ﬁﬁ?éetﬁ@bel@%ffor mng finger merge

BRIEF DESCRIPTION OF THE DRAWINGS

[1011] The features, nature, and advantages of the present invention will become
* more apparent from the detailed description set forth below when taken in conjunction
“ with the drawings in which like reference characters identify correspondingly

throughout and wherein:

[1012] FIG. 1 is a diagram of a base station and a terminal in a wireless

N corrimunjcation systern; ’

[1013] FI1G. 2 is a block diagram of a rake receiver;

[1014] FIG. 3 shows an example received signal at the terminal;

[1015]  FIG. 4 shows one implementation of the rake receiver in FIG. 2;

[1016] FIG.: 5 shows a timeline for updating of the PN position for one finger;

[1017] liIG. 6 is a block diagram of a {inger merge protection (ﬁh/[?) unit;

[1018] . FIGS. 7A through 7D graphically illustrate the computation of the difference

between the PN positions of the target and candidate fingers; and

[1019] FIG. 8 is a flow diagram of a process for performing finger merge

protection.
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FIG 1 is a sinplified bl ock™di agram of an enbodi ment ofa basefs} 8tifodlos

and a terr@vﬂ%g&%& in a wreless conmuni cation system (€.g., a CDVA systen).
war d

On the for I‘f’:‘nk, at base station 104, a transmt (TX) data processor

114 receives different types of traffig such as user-specific data froma
data source 112, overhead data froma controller 130, and so on. TX data

processor 114 formats and codpgt ];Ijgmg?ipdrmq one or nore coding
schenmes to provide coded dat a.BE[ fg}l A nmodul ator (MOD) 116 further
processes 120l od#dAGdatina sinphfEX bitakaliagramad ss @mbbdidneah df pbhsetstadiaha Otto
provi de nodul at ed. d

. For. a CDVA system nodul at or 6 "covers" the coded
Bnd i ot A EieoR HG i A BRI S N ETde - A5 DR O |
user - speci forGardalfk, aOYREReREn dakas 1aRghiP(TRY d8ahioRRbLe 1 1NGILivEE BRELA Ve
code channels. For a CDVA system nodul ator” 116 further spectrally spreads

t he channgpéwedraffic auchi asusar-épeoifipl datd frosew data samdo dil Huvberad Py fseguaence

having a parti qu[ oglfset i,qned to tq 3ase S%@Li n. .Th dul,at ed data
s then proRPglE 185 400 56 Bisint R Procereey 11440 EhRAES Hiveiitq pisg On

converted & @ql@or@@oamggcm@(g?ﬁvmogw dagplified, filtered, and frequency
upconverted) to generate a nodulated signal, which is then transmtted via

an ant enna192tl and ovasiulagoniMeEDa sl 6] fumther prachsses drentoretisdatd fioppTX¥Adataer mi nal
106, the | at e i gnal..i.s ,r.ecei ved. a t.enna 150. an ovided to a
Fovei ver ROpRe s SRSk o OB NS R AR CPRE T PEr BCRRE DR o

unit). Recgbiiatornié “dd2reané tbdednsmd(@iod datalvikl @ifferenfoidnnblif%ion @Bdesf foequency
downconverts) the received signal and further digitizes the . conditioned

si gnal to §EBYelge the aserwscifin dpsaorvgrived datprndmylon Jatar pie thaiberspedivet he .
sanples to oM d ‘atiQr i t rake
recei ver that ééféaﬂﬁ el%o%%gﬁ% %gge%éslggga%rktgelrg f&ﬁ%u%%%lwg@%gn%oﬁ%m sin

t he recei vednsdligeadldatasithde feompled) pedudwratdod? AjmoBer ) Veubldé) helata a
processor 156 then _decodes the denodul ated data {o [ecover the

user - speci PATECH Affsehasstaped e He bhse statipan dif dpodylahd dakeisrthemaroyided iR 2 The

Ito[]gfes S| NG nBEARFNIAL LT 18108 RNGiBHedR 2, RIREREFRont 9P nicte GUIBE GERALATY tO

amplified, filtered, and frequency. upconverted) to generate 4 modulated signal, which is
then transmitted via an antenna 120 and over a wireless link to the terminals.
[1022] At terminal 106, the modulated signal is received by an antenna 150 and
provided to a receiver unit (RCVR) 152 (which may also be referred to as a “front-end”
unit).  Receiver unit 152 conditions (e.g., filters, amplifies, and frequency
downconverts) the received signal and further digitizes the conditioned si gnal to provide
samples. A demodulator (DEMOD) 154 then processes the samples to provide
rdemodulated. data. Demodulator 154 may implement a rake receiver that can )
concurrently process a number of multipath components in the received signal, as
described below. ‘
[1623] A receive (RX) data processor 156 then decodes the demodulated data to
recover the user-specific data and overhead data transmitted on the forward link. " The
processing by demodulator 154 and RX data processor 156 is complementary to that
' performed by modulator 116 and TX data processor 114, respectively, at base station
104. '
[1024]  Controllers 130 and 160 direct the operation at the base station and fem_ﬁnal,
respectively. Memories 132 and 162 provide storage for program codes and data used

by controllers 130 and 160, respectively.



perfdrmed by nodul ator 116 and TX data processor 114, respectively, at base
station 104. [1024] Controllers 130 and 160 direct  the operat i;’-pq BE L7386
base station and terminal, respectively. Menories 132 and 162 provide
storage forVPr'8dPam codes and data used by controllers 130 and 160,
respectively. DEC 2a06 WD 03/107555 5 §1025] The term nol ogy used to
descri be the processing by nodulator 116 at the base station and

denodul at t t er i pal ' t for diff L
ot andar ds. P2 oot et RATRRT s, Btk W FlbePle Y kAR T8 s ana

the spect riadse sprieadhddensdulabel3ea; the tamins ity difgrent Tdreliffbramnebivzat i on
codes for the "spreading" are orthogonal variable spreading factor go\/SF)
codes, and f#ulaply  Fegie § dire FhanelizatigRys itaigrredrte asefspraadi@et qngsthe
scranbl i ng : o - e cﬁ%n [ .0 ed to
as "coveri n%ggtg%ds PF%E\II n§§é%§ ?%%gstgﬁéaﬁg%gn]?]fsn@ Tefer gggl&h@g%aggﬂ"&g%?%g%ﬁ%". The
channel i zat Tspreadind® sart aurttiolgend] coatbbiengpreadiag Viat®wh (ONVBIgScatesquadithorrogonal *
codes, and the PN sequences for the "spreading" are referred _ to as.PN

sequences. {eEBFETS fondhe | srarblingr gee piwTastiol ricrathing gades déardPiPetndhier ei n
may be use r | GOVA rgs. an 10 I i : e

t echni quesd%aérdg)’ st%éég{; “?%1331 y (S:Ies%?%getg ?or%%gﬁ? f@%ﬁ%&%&sﬁ%aﬁégg%l ock
di agr am of mfaedoduisatpreadingd, e channslizatien evded foretht “cotertiglode | Whisk 154
in FIG 1. Denodul ator 154a i npl enents rake receiver_ that jncludes S
sear cher el fé}?ﬁﬁf’%q‘ﬁbomgog?lrﬁgﬁ%-ﬁgééhﬂcﬁ&sgﬁl%m%cforﬂﬁe ﬁmaff‘-lasi & r&’i%Efﬁ‘ént s
220 (or sinplypN dedf&css.) . Where S and F can each be any integer one or

greater. Each searcher 210 may be used to search for strong nultipath
co ngo nent s [1826he rfbedinged merss grogdctiandethmiques viesbeibad hieredh awetyi o usgfd fone

stregngth and tim f each. fou nul ti pat .conponent. that neets.one or
o6 or i orTeaouy e il A Aeins' B3t puf TR decheiotE <% SrCRAE | ot s
transm tt edydsrepaddbenhasaist ations to find these nultipath conponents.

[1028] One finger 220 may then be assigned to process each nultipath
conponent - =302Vt ed@6t 2(ea blpck diagreratod erdemadulstior d A, roitie s asEmhwsligedn t he
signal strength a f1m Laf Qrmat i on provigded by searchers used
herein, an &ggefrpgcgu(fat n ?.%‘E?ﬂ if!slaoﬁenﬁﬁg]toa}llg{or fﬁqa Impleriehts & rake rezc]é%)\)ei' thaﬁ

' includes S searcher elements 210 (or simply “searchers”) and F demodulation elements

220 (or simply “fingers™), where S and F can each be any integer one or greatér. Each
- searcher 210 may be used to search for strong multipath components in the received
-#signal and to provide an indication of the strength and timing of each found multipath
component that meets one or more criteria. Typically, each active searcher 210 searches
for the pilots transmitted from the base stations to find these multipath components.

- [1028]  One finger 220 may then be assigned to process each multipath component
| of interest (e.g., as determined by controller 160 based on the signal strength and timing
information provided by searchers 210). As used herein, an “active” finger is one that is
assigned to process a particular multipath component. Each active finger processes its
assigned multipath component to provide demodulated symbols for that multipath
componen‘t. The demodulated symbols from all active fingers assigned to a paiticular
data transmission may be combined to provide recovered symbols for that data
transmission.

[1629]  As shown in FIG. 2, the complex samples from receiver unit 152 may be
provided directly to all active fingers 220 and to a sample buffer 208. Buffer 208 stores
the samples for subsequent processing by searchers 210 and fingers 220, and provides

the stored samples to each searcher and finger as they are needed. A PN generator 252



assigned to process a particular mltipath conponent. Each active finger

processes its assigned nuffti path conponent to provi déﬁfﬁ?ﬂemdul{?ge@lggmgl S
for that multipath conponent. The denobdul ated synbol s fromall "active
fingers a@’?i“é’ﬂ&i:’?o a particular data transm ssion may be conbined to
provide recovered synbols for that datg transm ssion. [1029] As shown in
FIG 2, the conplex sanples fromreceiver unit 152 nay be provided directly

to all achiviidsi PCTSeRedls ailth N ase?ﬁ@ﬂ%'e? BT 8y AR5 soder a0 et qr e the
sanpl es for subsequent processing by searchers 210 an I ngers 5 and
provi des raspectselyr ed sanpl es to each searcher and finger as they are needed.

A PN gene 252 41 F -C U 2006.WO 03/ 107555 6 rqvi des PN ment s
and PN segﬁgﬁies%ﬁc@dsaﬁvhﬁéae Eﬁ%ﬁ‘él_la?ﬁaluflfztr‘@bﬁ’g‘fh C?&E%@Et]iég’e?%ﬂ %QOSO]
Each sear ghadl@s0Perat Bchi AiRRNHRGES 9@0,%4@1550% @nli@Jedl{%ﬂgi 5
generator 252. For each active searcher 210, sanples are rettieved

(typi cal | yegpment a egimemtiren samplenwiffer 20fhasd ppdreddslifol £ de@BBnlsad?2 12, owhicted to a
descranbl ey 212,. which | sqreceives a conplex PN segnent with a specific
phase cor P%gp’&?ﬁ%h‘% A %Onc“ﬂ%x OEFN/pS(%WEg‘i é""@e?%e_@éﬁl Q&S%&OWH}%F%F&ZM _
performs aySanwdie el dviaRladedof Deb@amBRIMIS éﬁf%std"@oﬁﬁleﬁeﬁﬁ?@b gpdyProvi des
conpl ex descranbl ed Sanples. A despreader 214 then "despreads™ the

descr anbl ezmplgspyides the t AN asagivenh ednidz aravides coefeplef odestihmbpid cemplahi ch i s OVSF

code of zero in W g rovi.de pilot sanpples. A. signal strengt \
detector 218" a@l@f I’rﬁ[)g@lt _ﬁlgs%a al™'% ?%W&%‘ﬂe .argﬂgs Bithot &P%‘Pe]f% 0%?7%‘3% hesi s
bei ng evalfathe il wHER Y OFSH dtle F tZefPineW-SDMAY tS bRt fid: Qaepms.r @l | er
160. A nunber "of hypotheses is typically evaluated to search for nultipath

conponent §igngj siengthcdetecky d orestingtes she vepd sienmh ob the piat docthe dvpatbesival ti n'e)

‘and i P . . given: hesi t d
S anal st PERGRANALA% B BARES o Ainibe St Rl kgl 18, SRR e
arrival tiofithypottiesssuk dypieallyouvadidied Wb search ¥038 Hulldihicompasdntaoliily @adt nger

220, the conpl ex sanples_are provided to a ,descranbler 222, which al so
recei ves AYBYApILSOPNPeRlnS e @ RarticHipNugapletime pndos; sorrespradip Fb ghessce has a

e PUESAY A LSRRI A bt B B2 i P
multipath component with that arrival time and would be low otherwise.
[1031] Within each active finger 220, the complex samples are provided to a
descrambler 222, which also receives a complex PN sequence from PN generator 252.
The PN sequence has a specific phase that is dependent on (1) the amrival time of the
multipath component being processed by the finger and (2) the offset of the PN
sequence used at the transmifter. This arrival time is initially determined by the
searcher and is thereafter tracked by a time tracking loop 230 within the finger.
Descrambler 222 performs a complex multiply of the samples with the PN sequence and
lprovides descrambled samples, which are further despread by despreaders 224a and
224b with the channelization codes for the‘u.ser—data and the pilot, respectively. The
pilot samples from despreader 224b are further filtered by a pilot filter 228 to provide
pilot estimate. A data demodulator 226 then demodulates the despread samples from
despreader 224a with the pilot estimate to provide demodulated symbols for the
assigned multipath component. .
[1032] A symbol combiner 240 combines the demodulated symbols from all fingers
that have been assigned to process a given data transmission. Symbol combiner 240
provides recovered symbols, which may further be decoded to recover the transmitted

data. The design and operation of a rake receiver such as that shown in FIG. 2 is



sequence used at the transmtter. This arrival tine is initially determ ned
by the searcher and is thereafter tracked by a tinme tracking | oop 230
within the finger. Descranbler 222 performs a conplex multiply4gf (itRe?(06
sanpl es mn&%nﬁﬂ§7PN sequence and provi des descranbl ed sanples, which are
further despréa by despreaders 224a and 224b with the channelizati on codes
for the user-data and the pilot, respectively. The pilot sanples from
despreader 224b are further filtered by a pilot filter 228 to provide pilot
estimate. Aegabad @em%@%ﬁn i326e Uﬂ@@»aféﬁmewﬁ@zﬁﬁw&@ga@bqeﬂ mggg'aﬁé from
despreader 224a with the pilot estimate to provide denmodul at ed synbols for

t he aSS|gm@@nxmﬁ@dba@hﬂmumﬁmment. [1032] A symbol conbiner 240 conbines the

d dul at | | that h b dt
gi ven dat a HERon o &yttt “SGRBINEY ESe e U Hcaly BEopaREa. Sy Rl 3,
whi ch may fidah@dd Hendlaardsited BohPGRN BhselshRioh A sHE &Eﬁ%d Hﬁ terﬁ‘ﬁﬁaidf%' 9”

and operation of a FTake receiver such as that skHown in is DEC 2006
WO 03/ 107555mmbegexfcsiphrd doaths. f The tregeividt aagnal iat thhéﬁlUll&leﬁErtbumludE 8764 687
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nunber of signal paths. The recelved signal at the term nal may thus include

a nunber &% thauexarpale shewrpondht. 3. foeltipab c@mmnc@ts Has pedeatli GreighEnere
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through T5, respectively. The profile of the nulti quta conponents in the
recei ved SiVgHEN OVes tiarse e himiesfveR mamentthee sy heankimathasrmpsnspis glusieredar i es

over time. ﬁseqmﬁﬁg'aﬁﬁ&l&e fr}P“fattptaﬁler&n n@?ozﬂ?:ﬂ'aﬁfg@%&e‘f@?%oﬁﬁﬂe@k gt er ed

cl'ose to one anot at path con tron woul'd arise re two
mul tipath comppoeméndepasdarydesdhiryoded®$ ciiban one PN chi p. [1034] Fi ngers are

assigned t cess, nul ti ath C onents of sufficient s d
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path. As each nultipath corrponent drifts in tinme, It may conme cl'ose to or

may even creggnedueultipath component as it moves about due to chanves in the signal path. As
each multipath component drifts in time, it niay come close t0 Or may even cross over

one or more other multipath components. When the difference in arrival times (i.c., the

s,. distance) between two multipath components is less than a particular threshold (which is

typically one PN chip for some rake receiver dest grlls), the fingers are not able to resolve

these individual multipath components. Consequently, the fingers would “merge” and

end up tracking the same multipath component, which is typically the stronger of the

two. When these multipath components drift apart again, the merged fingers would
continue to track the stronger multipath component. Perfoﬁnance would then be
degraded because the energy from the other multipath component is not collected.

[1035] A finger merge protection mechanism is used to detect when the multipath
components drift too close to each other and to prevent their assigned fingers from
merging. This mechanism ensures that a certain minimum distance is maintained
between the timing of any two assigned fingers. For CDMA, the timing of each finger
s normally defined by the phase of the PN sequence used to descramble the assigned
multipath component, which is also referred to as the finger’s “PN phase” or “PN

position”. If the difference between the PN positions of any two fingers is equal to or



one or nore other multipath conponents. Wien the difference in arrival tines
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updat ed asireplehentp thettbne backimglloops foreBiof ot motivofihgers.at specific tine r*)
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adjustnent is in the formof an advance 1n the PN position by a particular
amount (e. ge thuspl® pigreeditp ps advaace/etard gommange

[1039] Controller 160 provides the advance/retard commands‘ for the active fingers,

one command at a time, to a finger merge protection (FMP) umit 250. For each
advance/retard command issued by controller 160, FMP unit 250 determines whether or

- not the command is allowed for the finger, if finger merge protection is enabled.
Processing unit 270 receives the allowed advance/retard commands from FMP unit 250 -
and updates the PN positions for the active fingers based on the received commands. | )
Processing unit 270 includes all of the fingers 220 and PN generator 252.
[1040] FIG. 5 shows a timeline for the updating of the PN position for éne active
finger. In one embodiment, the PN position for each finger can be updated at specific
time instants, which may be every .256-chip processing boundary, FMP unit 250
requires 2 certain amount of time to process an advance/retard command from controller
160. Thus, for update interval n, the advance/retard command would need to be
provided to FMP unit 250 prior to time T, for the command to take effect at the next
update time instant Ton. '
[1041]  If FMP unmit 250 requires 12 clock cycles to perform comparisons for the 12

fingers for each advance/retard command, as described below, then the advance/retard



"PN position by another particular amount (e.g., +1/8 PN chip). The upda%e
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2006 WD 03/107555 9 commands shoul d not be issued faster than one conmand
for each 12 clock cycles. Moreover, fﬂ,r gi ven advance/retard conmmand to

take effect at the next update tine &bl5dt. it should be issued no |ater

than 12 cl gck—cycles before this ti ne_J_nsLa,nL_.[_lOA.ZJ__ELG_ﬁ_Ls_a_bLac.k
di agram of |an FS’ignamNtanﬂaSOa whi ch is one enmbQoéseriptionf FMP unit 250 ijn
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advance!/ r et|agg smpRpgs for 14 1hit migmal pegepsenagle; @ dispde t%@f‘ﬁ’é’rm@fge ot
t hese cor‘rfandg are al |l owed, @h@e%wpﬂ“é@ntfﬁ‘éa%ﬁp%d commands to procdssing

unit 270. Tablelllststhec t I for
a specifi ¢ |emvgeiprenbypasTabl g ﬁggﬂ)kwﬁ Rg dstgggg@\rélésg@g eng%ré{{' E}Otgél?)ﬁ gn A
1-bit signdl_used ta enable i gahlp the finger nerge protection fungction
for all fingers. ' A 4-bit threshold used to specify the mini_mum distance (in
merge_threshold[3:0] 1/8 chip resolution) between the PN positions of any two

fingers. The minimum and maximum threshold values are 0
chip and 15/8 chips.

Q)

The 12 controls used to individually enable or disable each
.| f0-en through f11_en of the 12 fingers for comparison.

A 4-bit cortrol that indicates the specific finger for which

fareet finger T
& Sfing - the advance/retard command is issued.

A 66-bit value that indicates which finger pairs are to be
: merge_check_en[65:0] | compared for the finger merge protection. For 12 fingers, |
e ' : there are 66 possible finger pairs that may be compared.

n_position through
Joprp . g Provide the 12 current PN positions for the 12 fingers.
f1I_pn_position :
fO_adv/ret_update The 12 signals from the 12 fingers used to indicate that the
+| through . | advance/retard commands-have been applied (e.g., latched)
fl11_adv/ref_update by the fingers.

A strobe signal used to issue an advance command for the

: advance ]
i target finger.

A strobe signal used to issue a retard command for the

f_retard target finger.

[1043]  Each unique pair of fingers is associated with a respective bit of the

merge_check_en signal. Table 2 shows an example mapping between the 66 bits of the



nmerge rot bypass A 1-bit signal used to bypass the finger nerge protection
function. A 4-bit threshold_used to specify the m ni num,di st ancﬁ Q( bp. ang
me)-ge_th.reshol d[3:0] 1/8 ‘chip resolution) between thesPN posiitii-zo §Co?-‘iﬁény
two finggys g3 Idressm ni mum and maxi mum threshold values are 0 chip and 15/8
chips. The 12 controls used to individually enable or disable each JO _en
through fll _ett of the 12 fingers for cgpparison. iagetfinger A 4-bit
control that indicates the specific finger for which the advance/retard
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be nerge_check _en[65:0] conpared for the finger nerge protection. For 12
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JOpn- posi t| rou Provi.de. the 12 cyrrent. PN positi,ons. for the 12
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fingers usefdbd opsédcate that the through advance/retard commands have been
applied (e.g., latched) f11 adv/ret_update by the fingers. fi:_advance A
strobe signal used to issue an advance comrand for the target finger.
fia retard A strobe signal used to isdaeled retard conmand for the target
finger. [1043] Each unique pair of fingers is associated with a respective
bit of the nerge-chdck-en signal. Table 2gghaws an exanpl e mappi ng HQet ween
Al

the 66 bits of the 1 [3—BEC2666—WO-03+1+04555-—10—nerge—check—en—sigdal and
the 66 possible finggr Bairls. 1A val de of éne [("#') |[fo5 a| gi.ven bik
I ndi cat es tfhat .tfhe, agsoci atf{ed.. i1 nger, .pal t..1.,S [L 0. Be [C arjed for L.n
advance/ r etlar d roeermr(i Ear g&? .IE“ Vs E}ttz 3?"?1:?’ eg{%o one; th@tlf ilngers 1
and 4 are |to bg cpbnpared. {Table |2t 11 | bit12 | bit13 | bit14 | ... | bit20
g | 2 bit21 | bit22 | bit23 | ... | bit29 ~
=
2 ] 3 | bit30 | bit31 | ... | bit37 -
M 1\
10 bit 65

[1044] Controller 160 issues the advance/retard command for one active finger at a
time, and the PN position of this finger is compared against the PN positions of selected
ones of the other active fingers. The active finger for which the advance/retard
command has been issued is referred to as the “target finger”. The current active finger
to be compared against the target finger is referred to as the “candidate finger”. Only
fingers assigned to the \same base station (or base transceiver system (BTS)) need to be

compared for finger merge protection. This is because different base stations are

.,

assigned different PN offsets, and the signals from these base stations can be resolved S
by PN sequences with different offsets, even though they may have the same arrival

times at the terminal. |

[1045] In the embodimeﬁt shown in FIG. 6, a decoder 612 receives and decodes the
merge_check_én signal to provide 12 comparison control_signa]s for the 12 fingers,
SfO_pair_check_en through f1]_pair_check_en. Each of the 12 fingers is associated with

one comparison control signal. The comparison control signal for g;ach finger includes

12 bits for the 12 fingers, with eéch bit indicating whether or not the finger associated

with this bit is to be compared against the finger associated with the comparison control

signal. As a specific example, if finger O is to be compared agajnsf fingers 2, 5, and 11,

then bits 1, 4, and 10 of the merge_check_en signal would be set. The



. Finger 012345 ... 11 0 bit 0 bit 1 bit 2 bit 3 bit 4 ... bit 10 1
bit 11 bit 12 bit 13 bit 14 ... bit 20 2 bit 21 bit 22 bit 238+ .nrHiggiR9 3
bit 30 bit 31 ... bit©37 A 1\ 10 E211 [1044] Controller 160 1%sues the
advance/ r ewvarod/1omssand for one active finger at a tine, and the PN position
of this finger is conpared against the PN positions of selected ones of the
other active fingers. The active fingerltor which the advance/retard _
command has been issued is referred to as the "tar%et finger". The current
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mer ge_checRegFHed BEIRaIT {idtie S finger. fyguitiplexsr BE6 dbgipreceipes Heemnssisan
f n- pai r - chegke-an.: si Fralel : " . re the
ot st SPTEEMSIARG it RlaquatEE ail I, oREBir o (R DRI D neer BT T,
firiger 11. sighhk whiclpayciescivecgl: alh ]2 fingpraias dedveibkd belpwafabr £hdh pvancedbedk _en
> gggg'r fsggzggagpq%g{ %Pﬁ%@ﬁ%f 678 rovidel Bseqisare oF 12 HS A IRRARR whelnd: H mo © e
the finger associated with each of these bits should be compared against the target

finger.
[1047] A multiplexer 626 receives the 12 enable signals for the 12 fingers, f0_en
through f11_en, and provides one enable signal at a time based on the finger_sel signal.
Each enable signal is set (e.g., to “1”) if the associated finger is to be compared against
#:the target finger. The enable signal for the target finger is always reset so that the target
finger is not compared against itself. Regardless of which finger is the target finger, one
of the bits in the comparison control signal for the target finger will correspond to the
target finger itself. An AND gate 618 performs an AND of the output of multiplexer
616 with the output of multiplexer 626 to provide a check_en signal. For each
advance/retard command, the check_en signal includes a sequence of 12 bits that
indicates whether or not each of the 12 fingers is to be compared against the target
finger. '
[1048] A inultiplexer 622 receives the 12 current PN positions %or the 12 fingers,
fO_pn_position through f1I1_pn_position, and provides the PN position for the target
finger, which is referred to as the “target finger position”. Again, the target finger is
identified by the targer_finger signal. Each of f0_pn_position through f11_pn_position
includes a sufficient number of bits to specify the PN position for the associated finger.
For W-CDMA with a PN sequence length of 38,400 and for a rake receiver running at

times the chip rate, 19 bits would provide sufficient range to cover 38,400x8. A



Any val ue may al so be used for these signals since they would not be -
sel ected anyway by the targé&t . finger signal. [1046] Ajpultipl exer S@Wﬁﬂﬁ
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woul d be selected since it is the targ‘ t finger. A nmultiplexer 616 then
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enabl e si giErh inskcatn Betady giwe/rétardgenmmands|thaiyhave bewt alloveriar the Himgerriyét
finger is not conpared,agai.nst jtself. Regardless of. which finger .is the
targer 1 gnyeCRRBRE IR feclt G omBERBIRHERS sblind P ftias thir ne
target finget upddd teRMHOSHONGN kApkdific chidodBher:] HOR FinkéSAkY be AlvANE gat e 618
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the 12 fingers, fO_pn__position through fll_pn_positian, and provides the )
PN position for the target finger, V\,/Ei h is referred to as the "target
finger position". Again, the target f %@%}3 is identified by the
target-finger_signal. Fach of f Pn_  position throygh f] 1 pn position
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*11” advance . , -1/8 PN chip

The advance/retard status for each finger is reset to “00” whenever the corresponding
advance/retard command is applied by the finger.

[1050] A merge detection umit 640 detects for merge violation for each
advancefretard command. In an embodiment, to reduce hardware complexity, merge
detection unit 640 includes only one comparator 642 that is used to comparé the PN s
positions for the target and candidate fingers. The comparison may be performed in

various manners.

[1051] Tn a first embodiment, each comparison is made using the target finger’s
-current PN position (or simply, the “current target position”) and the candidate finger’s

updated PN position at the next update time instant (or simply, the “updated candidate
position™): The updated candidate position is equal to the candidate finger’s current PN

position plus its advance/retard status from registers 650. For this embodiment, an
additional check is performed to determine whether or not the advance/retard command

for the target finger would decrease this difference in PN positions. This embodiment,



~mul ti pl exer 624 receives the 12 current PN positions for the 12 fingers and
provides the PN position for the candidate finger, which is referfeditd a8
the "candidate finger -position". Miltiplexer 624-i's controlled by the
finger sel Y@ 8HH#™5%¥nd cycles through the 12 PN positions for the 12
fingers. [1049] Registers 650 stores thi current advance/retard status for
the 12 fingers, which indicate the adv fcel/retard commands that have been
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merge detection I t, 640 detects. for rge violation.for. each
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enbodi nent h | | S. l.n t fi.0 ' r PN
osi t1 on ( 4eF BsPOP BRbSBfeh s Bicl TelCibl For B I crh e beflie e
finge?' s updabed iPklleosd it OB vplatkd exrgepbsitipglat e tinme instant (or sinply,
t=he) "updat ed _candidate position"). The updated candi date position is equal

to“the candilfdle fAngeiee detegior St Trher msesessesihe resultiof Saghycompasrspa ey o
status fro i.St : indeP o tddkes E.;[Eb ' Lt LS
per f or med {Boahg}gjf&%r%ﬁ%ggémof&ﬁgrmo%& no tﬁgéﬁgﬁggﬁnﬁ‘%ﬁg}d&%&m%nﬁa oPgt he
t arget fi ndewveVieeh dricleled ewile rtipest do fihier aandelaten fiRdérpOsi, t whether letg@ng is

enbodi ment, 13 DEC 2006 /107555 13 e o .
detected for t(%s %ngéll\%? Ql%e d%tenn?na%ion for merge violation is described in detail

below. If there is a merge violation with respect to any.candidate finger, then a
merge_violation signal is set and the comparison for any and all remaining fingers can
be aborted. An adv/ret_cmd si gnal is also set such that a multiplexer 652 provides “00”
# for no change, which is then stored in the proper locations in register 650 for the target
- finger. Alternatively, if there is no merge violation with respect to the current candidate
finger, then the merge_violation signal is not set and the comparison for the remaining
fingers continues. If all 12 fingers have been cycled through and the merge_violation
g signal is still not set, then the adv/ret_cmd signal is set such that multiplexer 652
provides either “01” for retard or “11” for advance, as determined by the fin_advance
and fi_retard signals. The value from multiplexer 652 is then stored in the proper
locations in register 650 for the target finger. Merge detector 644 also provides the

proper advance and retard siénals for the target finger. )
[1054]1 A generator 670 receives the advance and retard signals and generates the
proper advance/retard command for the target finger. This command is then provided to
the proper pair of output signals, fii_adv and fi_rer, where n is for the target finger.
Generator 670 also receives the fn_advance and fi_refard signals and the
merge_prot_bypass signal. If finger merge protection is bypassed, then the fiz_advance

and fin_retard signals for the target finger are provided directly by generator 670 instead



which is described in further detail below, requires one |ess adder since an
.updated PN position need né‘ft"ﬁ‘f be conputed for the targé‘gg:;ff;gfi nger.;}f[a.GEZ{] 2igg @
second er_rb%(w{aragq;_each conparison is made using the target finger's

updat ed PN pos PR at the next update tinme instant (or sinply, the "updated
target position”) and the updated candijglate position. The updated target
position is equal to the target finger's current PN position plus the

advance/ r et@rge GOPIRI G uSHEY {i}%{aﬁ m h{.e%eﬁetegtﬂfn Lhe 65@.0019& %Epgﬂggg nt,

the conparison is made using t updat e positions that™ ar

appl i ed at firfger, tieeqt: apdatdefit rareighals tfomt FMM tdit 2502 as apiptjsd 20 mhet fead updhe

advance/retard. co nd for the target finger will be allowed. The nerge
t hreshol d t@@,ermng}gt% BA8S¥bodi ment is snaller than that for the first

enbodi Tent (PESRUSCAfife nAORRBEE Lol L LiRGHAL: Il DE HPARLEC, hAragh BRST 1 on. |

>l [1053] A mérge detector 644 turther ses the result”
conpar i son rfage aiolpéant | gipghds eahdpdaidesf itigefingeo_wét eignilne iWatieer oan not

merge protection conditions .have heen violated with respect to. this.

candi dat e _faiﬁﬁﬂlé:?h?tf‘r. ‘?O,m%@t ﬁel_rss%gﬁﬂ’l Frgroser iléqéﬁ% &8I BRCIERF & m%&@@a)lf The
det er m nat ifgpcf ﬁiérg@;{rgt%cﬁélpisaén'aﬁ’l@d.' %?h@%%gﬁ(%ecﬁ the _aal%eefret#aeeo%addf mhjere is
a nmerge violation with respect to any candidate finger, then a

mer ge_vi ol dei mdicgiedrizl ai pulseevn dhel fio helveomepar fis eetafdsigaaly dihd falder meargé ni ng

fingers can_be. aborted. advhet cnzd signal is also_set such that, a
mul ti pl exePTEES! IB&P%ﬂ%“ ﬁnoté"* mej %@HH—%%E&Q,IS fi#titen 1i-s ¢ A2 ﬁffg’t’aﬁl’éﬁ‘d‘t’ithe t he

proper | ocatdi®RSachite BALEEL13 QRS Obn iR &AL qls sthteQ AP Ehrod¥H €1 M8t ey, if
there is no nerge violation with respect to the current candidate finger,

t hen t he mdingersvibariaof sates D ghrabieh §1 porespendsan the dvenroinpmof the targefinghds -
remai ni ng nger.s continue If.all.12 finger ave been cled through and.
the mer ge_\yifl\g ngﬁlfl%rh 3RSy Eﬁ? ﬁﬁsp%gqunl fof, ope gg?l}e f%glﬁg?rﬁ'ee]glﬁ\ﬁ%{%?@fﬁ%’& tg? gnal

i s set suchardgBefinddbistdoplpRieRlag@idt itRIfay HRESle®bY BRI chebkl en khall BABFcreRénts 11"

for advance, as determned by the fit-advance and fiz retard signals. The
val ue fromamitlei griex ebheeBarent stalgan indientediby thet fregeprepaignall cyeates Bribrongh

register 0% 8 pd Rich S8ty LLnusE phELARISE61RbuAYf) MoReREQU;IED, the

proper advance -ahd®téetard signal’s gener at or

670 recei vgs0sdle atNefsrandsipailaydles FOnadiRe BN sGRNET & Bigt thbe?2 fipeResn
advance/retard command for the target finger. This command is then provided

to the prdpepeqyantiallyf coppidemed Sorgpassible fGompaaigom ragalpt theedarggindingen z As for
t he target J

e 2r0ct Chton yR50SE 00 4078 SRR RbYER Wit e HAREREH e
prot ecti on dhsclbypdigedihetfiger hdaocibied vadvaincgate. If the merge protection condition
is violated for any state (i.e., the absolute difference in PN positions is equal to or less
than the merge threshold), then the merge_violation signal is set right away, which then
resets the state machine to the idle state. In this case, the advancefretard command 1s
not allowed for the target finger and the advance/retard status for this finger is set to -
“00” for no change. The state machine would then remain in the idle state and wait for
the next advance/retard command from controller .160. Otherwise, if the state machine
reaches state 11 and the merge_violation signal is still not set, then the advance/retard
command for the target finger is allowed and the advance/retard status for this finger is
‘updated accordingly. After state 11, the state machine transitions to the idle state and
waits for the next advance/retard command from the controller. ‘
[1057] To simplify the design of FMP unit 250a, state machine 660 includes 12
- states for the 12 fingers. However, with 12 fingers, only 11 or fewer comparisons need

to be made for each advance/retard command. State machine 660 may be designed to

cycle through different number of states than that described above.



and fiz_retard signals for the target finger are provided directly by
generator 670 instead ,, ~ a a DEC 2006 WD 03/107555 14 of the aﬁg gﬁﬁ
and retard signals fr.omnerge detection unit 640. For each activéfgf @ ,5
t he fzz_aq%gqﬂﬂ‘%kg_ret signals fromI|IM unit 250a are applied at the next
update ti PRLEANT by the finger. [1055] A state machine 660 receives the
zzzerge_prot _en, fzt_advance, fzt_retardg and nergeviolation signals and
provi des the finger_sel signal. Whenever an advance/retard conmand is

i ssued by qgpigiol | €he 480ar & g?ﬁ:{g,i ' b aper e i.n .nerge
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corresponds to the conparison of thetarget finger's posi dgal nst
t he PN posicommankovoudd eotahe tvindatt ghef finggemsrge Toadisibat forwng celaliddthBingdrar get

finger is red; agai nst itself is disabled by the. check--en si |, and
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fromO through 11 and then resets to 6] The f nger_s nal cycl es
from st at e Brioongicatreayllic sdhi¢vedtifl thedinRrsfassigeedstocsrongbemsipadntdngionynts

consi dered for.possible conmparisan ainst the tarqget,finger. AA conparison
may Ior may Hofl %edgé?’?dlrpﬁ'@thF&!?n ‘gﬁ?&gﬁﬁgﬁe %?13?’&“38'2’8@11&?%8‘—‘ %ﬁ fingr m%%@clk- en
bit for thedhif@as wahsRepert el iMiebh dsfbSedSloakakel mllABatRIEPORERS, Tl R

condition is violated for any, state (i.e., the absolute difference in PN

posi ti ons iepsedurelingers aspighed to weakgnmulitpatherogrponkmie sivy ) movaddnstedde

nzer ge_vi ol @kk@n stgnal..is set ki away, ;which then esets.the, state
machins t o R o B R ipi e RiginE S nf M8pg EALEG et ot B PRI AL o
al | owned f orfiidags & ad@eiFielivagal oqmsk éi@@al%&&ﬁglﬁ%ffﬁ:ﬁéiﬂhdﬂ%éaﬁ ¥Smperentsi ‘Phiki nger
is set to "00" for no change. The state machine would then remain in the

i dl e state sgn wagngt may heneompsted brvapesdyedeignall stonsiiedicatontREH) baserer
160. Qther vy sge régei\éaﬁ%iﬁ)tt.atiﬁgﬁﬁ i i n@é’?%&?ﬁfsﬂ&%n%&?gé& @ r;%?ed againgst a

nzerge_violation si I's’s e ance ar & command

for the targgtal fsiragel thesiedliowaithamdy thaeseadvan ded rtarydgisémtnmsndn0ontshks
finger is wupdated accordingly. After state 11, the state nmachi ne
transiti onsPHEWHDTeRANEZSt (i, B ohalltastivedingges aexexnsaipdiedhs abatedthgonmand

fromt he g%ﬂfersf?élh.erli‘dr example, the signal strength threshold may be set equal to the signal
- strength of the strongest finger minus 2 dB. Alternatively, a list of active fingers may
_.be identified and a particular percentage of the strongest fingers in this list may be
designated as the preferred active fingers. The signal strength may be determined

periodically (e.g., every slot in W-CDMA) for the active fingers.
| ,j [1061)  The finger merge protection would then favor the preferred active fingers
over non-preferred active fingers. In particular, if applying an advance/retard command
for a given preferred active finger would cause it to be too close to another non-
preferred active finger, then the advance/retard command would still be appl@ed for the
preferred active finger. Another advance/retard command would be applied to the non-
preferred active finger so that the finger merge conditions are not violated. If forcing
the non-preferred active finger to move causes 2 finger merge violation with other
preferred active finger, then the original advance/retard command may still be allowed
anyway. The finger merge conditions may be temporarily violated for the non-preferred
candidate finger. If the two preferred fingers continue to move closer together, then the

non-preferred finger may eventually be de-assigned.



[ 1057] To sinplify the design of FMP unit 250a, state nmchine 660 includes
12 states for the 12 fingefs: However, with 12 finger&isonly 117 drDE8vi6
conpari SORg rag:&&jﬁﬁto be made for each advance/retard cornmand. State machi ne
660 may be 8e5| gned to cycle through different nunber of states than that
descri bed above. 13 DEC 2006 WO 03/ 107g55 15 [ 1053] The finger nerge
protection may be perfornmed in various manners. In a first enbodinent, the
finger mer r ot i S : i . A i
finger s, 00, 268 AP RBd BT el aledbt nBRELRHERTH, MOl BOLIS 1 1
i's recei veliG. 6an@tdtd enawhineafsd wouldbd @radidawedhbyie thignalb Nenth tfot thd 12
determ nes_that applying this comand woul d not the violate the finger
mer ge conditgeBndViiss BHoushddi dstie Siaigyanachigel §§8) wpplda peavidsn thee PBREE nent |
t he finger ' {: r t yye - hS. gi.yen to
sone acti g@?f_%glesﬁ’én%%gﬁﬂag? %(iel?gl?ﬁ ﬁé@ﬁée%gﬁp%#b , %I{r]r%&reolég%gérgfé?&g%?%%hog 1\rgnaty be
achi eved idetdched for aq&e&mﬁ&h@aeﬂn%@ vath @l tondldonpatianed tpatidnt Singar e
all owed to _be updated even if applying the command woul d viol ate the finger
merge condRETRAFRING QR Welldadso rrgvifle Ay ayaTide sinihagnal do wesirtess O67{)1te iforse h
conponent 3 3 I assigned to weaker multipath
conponent :[h%%{;;/h E%?érgoe\%ﬁlﬁlﬁgﬁegg}gd &ﬁﬁ%‘%m In one inplenentation of the second
enbodi ment[1063]set Thé déprminatioedf magkividatidnl maebs pefodntbent ivhriad hasec.on t he
signal strength of their nultipath conponents. This signal _strength _may be
conput ed 1§ %R FROBRGL-SerRAS am@n‘@?@%mt@é@»ﬂ@ﬁﬂ(tﬁg@ayt%sggé@gerdﬁ RIS
received %&%ﬂw’iﬁgc fEtdnerd jager' s signal strength may be conpared agai nst
t

a signal strengt reshol d, ich may be set such that at any gi ven nonent
only a partiqul t . aht)  of Ct | fl
expected to bgl' a”gfé)e(/e {oﬁ%@ cﬁﬁ%&é 0 &We%lo{rhee%(ugl%%%g%t%d%ﬁa ndéjliag@% ?lg%tt%ﬁ )

threshol d may becsdidagopeditidoisties tharg@adqualior e gidre® thréshelds ivhiohgasy bki nger
mnus 2 dB. Alternatively, a list of active fingers may be identified and a
particul ar per cef#aeeedséit he strongest fingers in this list may be
designated as the preferred active fingers. The signal strength may be
determ ned pex(¢adidmad fingere pgs + adweglysteipt targe\igEN)osh sinarpetireshoié

fingers. [1061] The finger nerge protection would then favor the preferred

active finger 0 n- ferr cli £ nge réi Y
applying an a \'/an?% F g‘ 'a?lgécgnere’ffrsﬁ%gﬁ%f%e#xgmé# \I/Ig:ﬁéag?se gtr@gsdﬁ ﬂé?t:%? bf% SP{)&r\lger
woul d cause it tobbehdchedcl ose to another non- preferrned active finger, then
t he advance/retard command would still be applied for the
| 3. The fn_en signal is set, which indicates that the candidate finger currently
selected by the state machine is enabled for comparison.
4.  The difference between the PN positions for the target and candidate fingers

decreases as the result of applying the advance/retard cornmand.

The pair_check_en and fin_en signals may be combined to form the check_en signal as )
shown in FIG. 6. | |
[1064] FIGS. 7A through 7D graphically illustrate the computation of the
difference between the PN positions of the target and candidate fingers. The PN
sequence used for scrambling at the traﬁsmitter and descrambling at the receiver has a
specific data pattern and a fixed length (which is 38,400 chips for W-CDMA). The PN
sequence may be viewed as being placed on a circumference 710 of a PN circle, with

the start of the PN sequence being aligned to the top of the circle. The circumference is
partitioned into 38,400 evenly spaced points, with each point corresponding to a
respective PN chip index of the PN sequence. The length of the PN sequence is
traversed by moving around the PN ciréle in a clockwise direction along the

circumference.



. preferred active finger. Another advance/retard conmand woul d be applied to

the non- preferred active finger so that the finger nerge Condlﬁﬁdﬁgﬂﬁﬂ@ﬁ not
violated. If forcing the non-preferred active finger to nove causes a
finger mery@%IUFRtion with other pref erred active finger, then the

original advance/retard command may stl be all owed anyway. The finger
nmerge conditions nmay be tenporarily vro ated for the non- preferred

candi dat e ont i nue
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inplenented by FMP unit 250a in FIG 6. State machine 660 woul d be provided
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a pref err echuinay fretn oltaww& then naapedhclt @ 8, FENWCEMA) edd aandiaie tki nger .
State machj ne_660 woul d al so provide an override_cnd signal to registers 650
to force PHEliEehWERAnKVAILE LB @BLe finger to move. [1063] The

det er m nat j4 f rge N0l r %&9'.5 ar, BRI

one enbodi rrrgﬁﬂo t@ag& \sﬂlegl 1%%#[191% E/I:IE%)&F%%??I%‘% vm‘?rgt géfpg\cét t{l%H:Ze cangb%gllat)e
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di fference between the ctrrrent tar get posi tiaon_and t he updat e%ﬁr candi dat e
posi tion i ¥tivedneermamay Alsediramapisd: o s BN ¢irrlesHedN \Rﬁrleﬂn a ggyen

expr essed t 0s) <
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this fingefl0pdl r Sheulifferches @ @dkpokitichs fﬁheanﬂltwOeﬁn@rgnﬂﬂy bescampytedvdiyc h

|nd’; cates that the ca date fi er curren ected by the state machine
i s”enabl ed @gﬁctg}gﬂ}gﬂ( HOS“AORST HivET: é%ﬁé@égﬁgﬁ@%%ﬁ‘?%éﬂ RP%‘EF‘%‘P?‘?HWQ for

the target ghds ¢RaM fé@érenée' QHISE, She Q&ﬁg SRSl t016kE 8R! dec@int IRPlYARR t he
advance/retard comand. The palr-check-en and fit-en signals may be conbi ned

to form t hiscaimmslof therPN copds feashe forgonandrthéraieregee douped] thePSSCircA t hr ough 7D
graphi cal | ﬁ()lﬁgi USth[laI-]:'I%St. hJeA %ggpfﬁat}lg Oa%s&%tet Qi?ference between the current target

position and the updated candidate position is less than half of the maximum reference

count, max_count, which is the last value before the reference counter wraps around.

This condition can be expressed as:
= abs(candidate_finger_pos + adv/ret_status - target_finger_pos) < max_count/2 .

As shown in FIG. 74, the difference in PN positions decreases if target_finger_pos is
greater than (candidate_finger. _pés + adv_ret_status) and an advance command was
received. And as shown in FIG. 7B, the difference 111 PN positions also decreases if
(candidate_finger_pos + adv_ret_status) is greater than target_fihger_pos and a retard
command was received.

[1069] In FIGS. 7C and 7D, the absolute difference between the current target
posi:rion and the updated candidate position is greater than or equal to half of the

maximum reference count. This condition can be expressed as:
abs(candidate_finger_pos + adv_ret_status - target_finger_pos) = max_count/2 .

As shown in FIG. 7C, the difference in PN positions decreases if (candidate_finger_pos
+ adv_ret_status) is greater than target_finger_pos and an advance command was

received. And as shown in FIG. 7D, the difference in positions also decreases if



di fference between the PN positions of the target and candidate fingers. The
PN sequence used for scra,;"Tlng at the transmtter and‘descrarﬁﬂlﬁgﬁ 205t he
receiver me%%emfl c data pattern and a fixed | ength (which is 38,400
chi ps for The PN sequence may be viewed as being placed on a

ci rcunference 710 of a PNcircle, withjgthe start of the PN sequence being
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finger. potsmnslategr eater than (candidatefrnger-pos + adv_ret_status) and an
advance comand was o o ) . . )
[1072] Otherwise, if merging is not detected in step 8§20 and if all candidate fingers

have not been evaluated (as determined in step 824), then the next candidate finger in
the list is selected for comparison (step 826) and the process returns to step 818. If all
candidate fingers have been evaluated (as determined in step §24) and merging is not
detected for all candidate fingers, then the update command is allowed for the target
finger (step 828) and the process terminates.

[1073]  For simplicity, the process shown in FIG. 8 does not perform the additional
steps to allow a preferred target finger to be updated even if merging is detected with
respect to a non-preferred candidate finger. |
[1074]  TFor clarity, | specific embodiments of the finger merge protection for a
specific rake receiver design have been described above. Other embodiments may also
be contemplated based on the teachings described herein. For example, multiple
comparators may be used to perform the comparison of the fingers’ PN positions.
Different control signals may also be used than the specific ones described above. Also,
different designs may be used for FMP unit 250 than the one shown in FIG. 6.

[1075] The finger merge protection techniques described herein may be used to

provide improved performance under fat path conditions. In paﬂicrilar, with the finger



received. And as shown in FIG 7B, the difference in PN positions al so
decreases if (candidatefinger-pos + adv_ret_status) is greaterfJ faf et
fzhger_pogw§%8/€_[gtard command was received. [1069] In FIGS. 7C and 7D,

t he absol u ' F&t ence between the current target position and the updated
candi date position is greater than or qgual to half of the maxinmum
reference count. This condition can be "éxpressed as:

abs(candi date, fi r pos +. .advy. ret status,- targetfinger-pas), >
aax_countPoee DRQOGiehat frf e RaRbe dpprhd knent VB BEherame Bllcr cases
if (candi dafig ab&N@eE ; ROSlose afdIf 61/ 25PNt apt)OrEAs eHent ARAVstM6@ESS] theger _pos
and an advance command was received. And ‘as shown in FIG 7D, the

di f f er encesigngl pesry fobscallesisdddbe Sagesmptze pROERONZPOE thap wgie OiFs 5se 8

targetfinger. pos. i er.than (candi datefinger_pos + adv_ret_status) and
R Eo SR B ) [1070] FIG 8 is a flow diagram of an

enbodi ment[10f6ja PIBE ESfed Merd prad@itioar ethitques| R@QTheTelain PheY ®6 tised.in
Initially, an update command iS received to adjust a particular target
finger (stwpiosd yirelcppicemppaivpon syptaant Heycrianin these dehaiques aray nd or

sone ot her;_t f.. Al of i date fingegs. .for I.Gh rging is
to be pré&ednﬁgldgitélﬁgmﬁg% eurlt%ﬁlﬁtél%ce(sss %4#1%(]][‘%2111‘&58?&%%1% af:ger%srrergi ng
i s then perDMARGridostheneirglagdidiahenititigiedystinsa Thed® systdie nldyrisiplaaendi dat e
finger inthe list is initially selected (yste 816). A conparison is then

per f or med 0§iidnaThappiiableistmndast Her exampds. the B4 sysRmpEey (nplgmght She
sel ected £ ( fd420QF g bﬁs : urrent
or updat e?fgg%?ta Pg’nIngogra’ g\;gﬁﬂ?‘fﬂi %Ag@.&gsr&q%{ﬁyﬂ%ée&use %? %?ﬁl? @é@%ﬁ%ﬁ%@%ﬁ as
descri bed alowven. Ahded earivun atndinds se khewn inddertwhet her nmerging i s detected

for the se ed candidate finger based on_the _co rison result and

possi bl y " nige m&HeS(%qs%@vaé ein fiyay e P ke t OB} MeaR S iPTt he
dat ) - I _ ‘ : _

updat e comgmpgd %héjhﬁ?é{ d%i?@' &Lﬁécnbh%ﬁﬂg%nglfehﬁ%&lﬁ RhfRRvaS2 2brrdalt, bPe

process ternrnates. erw se, rging is not detected In step
820 and i-fcambinatamdhemoe Forrgleardware duplenmdntdiman vavals widneoty aed det Bngrhrned i n

compar | SorPEERORFHR Ahdt AP pPBE G HBFYHHs TERCREES YRH 91 pY BN gi dat e
fingers hayebarm QuakibiBetaled2irdetLrABIOSH di diab kieRa1§4G0es @R (IDSPY] digitdlS not
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
< microprocessors, other electronic units designed to perform the functions described
~herein, or a combination thereof.
[1078)  For a software implementation, the finger merge protection may be

implemented with modules (e.g:, procedures, functions, and so on) that perform the

0
\‘t.m.u"/

functions described herein. For example, some or all of the functions performed by
FMP unit 250a in FIG. 6 may be implemehted with software modules. The software
codes may be stored in a memory unit (e.g., memory 162 in FIGS. 1 and 2) and
executed by a processor {e.g., controller 160). This memory unit may be implemented
within the proc;ssor or external to the processor, in which ‘case it can be
communicatively coupled to the processor via various means as is known in the art.

[1079]1  An implementation of the finger merge protection in hardware can simplify a
software algorithm used to assign and manage fingers. Conventionally, finger merge
protection is implemented in software, if at all. A portion of the processing power of
the processor (e.g., controller 160) would then be required to execute the software codes

for finger merge protection. This would result in higher power consumption and may



detected for all candidate fingers, then the update command is allowed for
the target finger (step 82%} and the process terninat#. [1073] m
sinplici t)Ai Lhg,QLocess shoWwn in FIG 8 does not performthe a o$t zglﬁﬂ6
steps to a(?owa preferred target finger to be updated even if nmerging is
detected with respect to a non-preferpgd candidate finger. [1074] For
clarity, specific enbodi nents of the finger nerge protection for a specific
rake recei e i (o] o y al so
be. cont emiicsd e s ae NP TRk BB in 7L SR EIE P

mul ti pl e nodipaapplicationmelyy haplesedtihg thpefifiger mdérbe peaepn wokmrdfaehthefd nger s'
PN positions., Different cqontrol signals may al so be used than the specific
ones desciBEvriassy ean g 4Beliorglpd erent desi gns may be used for FMP unit 250
t han t he ho i I . i I ni ques
descri bed?@@i nwrr%é ggo%sg%c?é&&g?ﬂo%lggg Cidrsr%? %@%%ﬁ%gﬁtfsg% Q}gﬁg&ghgﬁglg@wat pat h
condi ti onsmy | perpar tskidle ain, thd tat tdhvembkenger usk3 the PreéSe20O6rentlén.03VEEI6HSS 19
nmerge protectjon, the active C&i ngers.may be allowed to cone wthin |less than
one PN cHRqsligieps foothgse erglodipgals vwill byjrgadily apporephioctipps %ﬁ%ﬁ n thyRits t hen
al I ows nor, - S A

B ot et | o e & FTie B iangiss SOl 1o RPigpREL R otnch bl BERIRIER,

[ 1076] Theecpartigefromethgesppitadrescoponf theahvimgjors Thascihe lpegtehtemeeniiomsy nbe used
in variouys wreless. co i cation systens. Far exanple, these technjques
my be. usdaeI RBERII R i BRI hr CB8 S T PORRorRL B o

di vi sion @H&ﬁe‘ &hﬁs@ﬁﬁﬁﬁ@tﬁe(ﬂ:rﬁwes A0 %ol T8k GREPSS] [FRRAHUNI cati on syst ens.
These systers may i npl enent one or nore applicable standards. For exanple,
the CDVA systens nmay inplenent IS 95, 1S 2000, |IS-856, WCDVA, and so on._ﬁ\)
The TDVA ns i Ll and so on. These various standards are
known in ﬁ%@ﬁrt%?ﬁ% M’ques descri bed herein may be inpl enent ed”
by various neans. For exanple, the finger nerge protection nay be

i npl emented in hardware, software, or a conbination thereof. For a hardware
i npl ement ation, various elenents used for finger nerge protection (e.qg.,
FMP unit 250) may be inplenmented within one or nore application specific
integrated circuits (ASICs), digital signal processors (DSPs), digital

si gnal processing devices (DSPDs), programrable |ogic devices (PLDs), field



programmuabl e gate arrays (FPGAs), processors, controllers,
mcro-controllers, mcroprocessors, other electronic units de3|?§e E
performthe functions described herein, or a conbination there ?&

For a software inplenentation, the finger nerge protection nay be

i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe functions described hereim For exanple, sone or all of the
functions performed by FMP unit 250a in FIG 6 may be inplenented with

sof tware nodul es. The software codes nmay be stored in a nenory unit (e.g.,
menory 162 in FIGS. 1 and 2) and executed by a processor (e.g., controller
160). This nmenory unit may be inplenmented w thin the processor or external
to the processor, in which case it c@pAIMS conmunicatively coupled to the
processor via various neans as is known in the art. [1079] An

i mpl erent dt i on Aodevichepefabirge prenmat gergipe of éotot datidnrlchentd Wagers ) admsisingl | fy a
software al gorithmused to assign and nanage fingers. Conventionally, finger
nmerge protection i nted.in at .all, A portign of the
processi ng pomﬁfmg?ﬁmfﬁgmﬁgg% §8¥m%%“@meﬂw@ﬂﬁ 8?$%ﬁ“f%6? Hed P Hen be
required ti:ﬁgtﬁ)hﬁ@utseo behlﬁe\&ﬁifeﬁ V\ﬂfe&uﬂbﬁﬂﬂieastfoﬁef cahma;geﬁngmersgen@meamﬁ{dmng Thi s

woul d resgl mm q%% w§n consunpt 1 on g ima%/ 13 DEC .2006 .03/ 107555
20 furthé® d%%5|§g?% hE8E™t u? y QEPRIHPHR EEoaeYs MR SRS ch are
undeS|rabIe for a nobile application. By |nplenent|ng the finger nerge

protection in raaleﬁwCeompdm&e)pe@ma@Imam@@a&m@@ﬂe @@sﬁa@bﬂt@d@%@amgér10801 The
previ ous description I scl os vi d to enable any

odi ment s 0
per son skf%?%ﬁw H”Fﬁgmgﬁin%aﬁﬁR@“ aﬂb%b a4 IFE grese a@fr @h?ﬁon Vari ous

nodi fications to these enbodinents will be readily apparent to those skilled

inthe art, apthdRe.QanapbGHiRh aaérmu@svh%éﬂ .ﬁ@gngi@ﬁabaemyanp%m@mmel ed to
ot her enbodlnents w t hout departing fromthe spirit or scope of th

i nvent i on. g A “@ﬂ@mﬁWE@gﬁﬂmgﬂﬁﬁﬁPW8ﬁnbEaﬁﬁﬁﬁ‘Vﬁ?@ﬁﬂﬁdwf%mﬁ@dﬁPHP@bd to the
enbodi nentigsishewndiage ghdgerbout is to be accorded the wi dest scope consistent
with the principles and novel features disclosed herein. [1081] WHAT IS

CLAIMED | S: r13 DEC 2CQ61 21 CLAI M5
2, The device of claim 1, wherein merging is detected based on a difference between the

positions of the target and candidate fingers and a merge threshold.
3. The device of claim 2, wherein the merge threshold is less than one PN chip.

4. The device of ¢laim 1, wherein the position of each candidate'finger includes an

adjustment, if any, allowed to be made to the candidate finger but not yet applied.

5. The device of claim 4, wherein the position of the target finger includes an adjustment

proposed to be made for the target finger.
6. A device operable to prevent merging of demodulation elements (fingers), comprising:

at least one comparator operative to receive and compare a position of a target finger
designated to be adjusted with a position of each of at least one candidate finger for which
merging is to be prevented, wherein the position of each candidate finger includes an adjustment,
if any, allowed to be made to the candidate finger but not yet applied, and wherein the position of

the target finger does not include an adjustment proposed to be made for the target finger; and

a merge detector operative to determine whether merging is detected for any candidate

finger, wherein the target finger is allowed to be adjusted if merging is not detected for the at



1. A device operable to prevent nerging of denodul ation el enents (fingers),
conprising: a controller operative to identify at |east one ﬁ@gd@ﬂﬁgﬁ}
finger for which nerging with a target finger is to be prevented,+% g%n
the at |east one candidate finger is identified fromanong a plurality of
fingers assigned to process a plurality of multipath conponents in a
received signal; at |east one conparaldr operative to receive and conpare a
position of the target finger designated to be adjusted with a position of
each of at |east one candidate finger; and a nerge detector operative to

det er i ne 'GEIR&INdiMBI SRRy and VieeEaTeRng ip fetesteg Toranantiqereandidaiiieer ihnd wher ei n

the targetpofd engﬁéreﬂcgb@{wkeﬁmomomm@w@Qﬁﬁchﬁd;dmrfm 09 sl But W ordiRt @&t ed for
the at | east one candidate finger device of claim1, wherein

mer gi ng i <° EEERE drad & R P isdeT¢d e of t he
target andagam@pdate fingers and a nerge threshold. 3. The device of claim
2, wherein the nerge threshold is | ess than one PN chip. 4. The device of
cIa|n11 wherein the position of each candidate'finger includes an

adj ust ment’- i f Ryeviesof gipiet!. petsis anaice PielredBngesivideniied ephigkarein e not yet
applied. SaredifiRpdayit®a Ritetdddingtcdis 2WMIRH &) 1 Qe QSh IrinRi:iRf is bh&tdaatget finger
i ncl udes an adj ustnent proposed to be made for the target finger. 6. A

devi ce opépﬁﬁﬁéﬂwgcﬁﬂé@@ﬁwéﬁerglng of denodul ation el enents (fingers),
conprising: at |east one conparator operative to receive and conpare a
position of a t@ga&kceldrBgRT7, w\@@r%fngwrggréd V\E&b adidériRd tWel b 8gRPsi tion of
each of at |east one candidate finger f nmerging is to be prevented,
wherei n t h&epdsition of each candidate flnger i ncl udes an adjustnent, if
any, allowed to be made to the candi date finger but not yet applied, and
wherein the pOsjkuQcedclablIR ieithe Edufor 0881 1DLoulRGh iR yaCl ust ment
proposed to be nm t ar get |nger a nerg Ctor operative to
det erm ne mhléf”h‘éfr{h@rféﬁg@ﬂfﬁgerl“éthd]@tl@&lt@tpffﬁ@ﬂh Oéﬂ’f? ﬁt aﬁﬁmfﬁa@féﬁdaﬁ fimger , wherein the
target finger is allowed to be adjusted if nerging is not detected for the
at f13 DEG,200 - i oerai is
detected ?gf aa”gﬁgﬁ%ﬁfg%mggﬁaﬁgﬁﬁt %%ﬁmwop%ﬁ&h%%?ﬂwﬁggg@%g?gﬁgg{gg%meen t he
p03|t|ons‘%TMWheﬁuhﬁd@Eaand candi date flngers is equal to or less than a
merge threshold and the difference decreases if the proposed adjustnent is
allowed foy, th device of claim1l, wherein a set of
preferred §|ngg¥§d?%gﬂden}p?%ﬁgmramﬁhmﬁ%reln the target finger, if it is a
preferred finger, is allowed to be adjusted even if nmerging is detected for
a non- pref er r exheicangisctad @efaiivege ktore adjustments allowed for fingers but not yet applied.

12. The device of claim 1, further comprising:

a slate machine operative to provide a signal indicative of which candidate finger to

compare with the target finger.

13 The device of claim 12, wherein the state machine sequentially cycles through all
possible fingers unless terminated early by merging being detected for a particular candidate

finger.

14, The device of ¢laim 1, and operative in an 1S-95, CDMAZ2000, or W-CDMA

communication system.

15. In a CDMA communication system, a device operable to prevent merging of

demodulation e¢lements (fingers), comprising:



8. The device of claim7, wherein the preferred fingers are identified based
on signal strength. 9. The device of claim1, wherein one corrpq;ﬂ\%}t ?E: |Zv;&§
used to sequentially conpare the position. of the target fi ngerki ’Fr['t e
position of each of the at | east one candidate finger. 10. The device of
claim9, wherein the conparison term nates whenever nerging is detected for
any candidate finger. U The device of2klaim 1, further conprising: a set of
regi sters operative to store adjustnents allowed for fingers but not yet

applied. 12. The device of claim11, further conprising:; stat e machi ne
operative to p?&%t’i?geré’pgrﬁ‘a%ﬂpr?"h%]i‘:{?‘&t“ia‘\lfé t%?dEWOS o aﬂﬁﬁ%ﬁ‘&@@’ #?W%"é% to

conpar e Wakdernkeh® praegeatpld-dlingermulddath chpordey incae@fved bighamnkiZe idshey ed N t he
state machi ne se nti.al |y cycles thraygh all. possible fi rs.unl ess

Cer i nat oA BaPE SRR Er fy D At e e B el N bE PE U St U o
finger. 14tleddnencdemidie foferdd @ienifizd frevn dmopethaplindity ionfiagerst &d95, CDMVA2000, or
W CDMA communi cation system 15. In a CDVMA communi cation system a device
operabl e to prevent merging of nodul ati on el enents (fingers), conprising:
23 a controll é’rﬁ“%eﬁé’re%%éot‘%ﬂo’bwg&%@t WSOt Gelhemrand peeved RHWS&?Jf a

pl ural ity cofitrdlemgekareagebigaed thcQarpd diags Sesignpkdifodk aljystaf wiliLd gosifiad &F conponent s
in a received_signal and to identi at east one .candidate finger for

whi on' ror g e PhEss PRgisBen g dlesng bR el S mdh ek PGt | east
one candi dake bhded ge conmgriscdeqsuitd ineichlibw aimcarmag! fohee plgsr @dget iy meifzinkiinger s; and
a finger e protection (F nit operative to, for each command received
fromthe ?é%%?q’%fﬁ%g?tﬁeaéto%g?“gﬁéwg‘%%rti on of the target finger designated to
be adjusted with a position of each of the at |east one candi date finger,
det er m ne shet herapp@st@ dparabls tdeéeededgifi O6f danydtaioaigatgs (fhghger based on
conparison results, and allow the command for the target finger if merging
is not detBEY¥® for the at | east one candidate finger. 16. An apparatus
operabl e to prevent nergi ng of denodul ation el enents (fingers), conprising:

nmeans for i dentichys fogdekiffias lead 08 GANEId@ger bt W mbrgihg With @ Barggefigieng Wi th a

target finger is to be prevented, wherein the at |east one candidate finger
is identifl @d’efﬁ%‘%ﬁte&ﬁﬁ%@%&ﬁﬁ Fasi ?lﬂeyandts‘fl‘ﬁeg%@@éﬂr@enaﬁgqa @9{%@“% HEUESs a
plurality @hingad ddigat b GerRNARERyY biMmEtifecoingetns ignatsived signal;

means for comparing a position of the target finger designated to be adjusted against a

position of each of the at least one candidate finger; and

means for determining whether merging is detected for any candidate finger based on
comparison results, and wherein the target finger is allowed to be adjusted if merging is not

detected for the at least one candidate finger.
17. The apparatus of claim 16, further comprising:

means for identifying a set of preferred fingers, and wherein the target finger, if it is a
preferred finger, is allowed to be adjusted even if merging is detected for a non-preferred

candidate finger.
18. An integrated circuit comprising:

a controller operative to identify at least one candidate finger for which merging with a
target finger is to be prevented, wherein the at least one candidate finger is identified from among

a plurality of fingers assigned to process a plurality of multipath components in a received signal;



means for conparing a position of the target finger designated to be

adj usted against a position of each of the at |east one candi dg,}eﬂi«-li«ng%
and nmeans for determ ning whether nerging is detected for any ¢

finger based on conparison results, and wherein the target finger is
allowed to be adjusted if nmerging is not detected for the at |east one
candidate finger. 17. The apparatus of,glaim 16, further conprising: neans
for identifying a set of preferred fingers, and wherein the target finger,
if it is a preferred finger, is allowed to be adjusted even if nmerging is
detected for aaﬂeaatqafeefnapamﬁ} op@ramdiud&b@vefdnmg@ﬁpalewpos;éﬂn binbegizatgerci rcui t
?grp%;slcﬂ%es;ﬁ;naggpo beafijuse’[edw er at I{tl\égﬁe eachl cgf%lr?:ta% eX%one cag@t?a&ﬁ {%gr C g(rjleldﬁ‘t tehfel Q?er
| east one candl date finger i s i dentl f| ed fromanong a plurality of fingers
assi gned t 0 pracess daegbidpadiditeyto Odterflite twhp@éimeOnde debdial fonnd cirgtieleved

si gnal ; 06. 24 at | east at or operati ecei ve and
conpar & a TE% FHSRIGR RN APEE Y PNGHP o HOGRG TP GHTE B TBCaPALE a2 t
posi ti on oOéastedcbandiflatt Fisgeat | east one candi date finger; and a nerge detector
operative to determ ne whether nmerging is detected for any candi date
finger, ejn the target fi is allowed to he adjusted if nerging
is not deggct egjil?wegfdf?g cigguit ?813%”[ ngﬁlé[ her SAYPEARe f i nger. 19. The integrated
circuit of claim18, further conprising: a set of registers operative to
store adj ust nepkg oﬁ}c%@t\éﬁ,@p&ﬁ)ﬁveftd Q98 hFuHdntNAbwdehr ARRkibBChot v Bppliddie
integrated circuit of claim 18, further conprising: a state machine
operative to provide a signal indicative of which candidate finger to
conpar e wiZh t Hée ingpegeed chiwigd elainp B, fukherepipripdie: ¢ sata maghine apgrstivedermruni cat i on
system chmde%'s%gal iicdhi QI waRg c%ldﬁte%ﬁ?&' %dommte%nm%ga fidedrecei ved signal
to provide sanples; a rake receiver including a plurality o% denodul ati on
fingers each confi gurabl e to process the sanples to denodul ate a respective
mul ti pat h 2donpdiemimal f a Wieelgspeas usgtagingrgdm, campigiies ol | er operative to
identify at |east one candidate finger for which nmerging with a target
finger istob S t jpdate finger is
identified fro%@htoér{fg%@ﬁ’eramg{o é&f{?qo ngeci S togggggwle%’ger nmer ge
protection (FMP) unit operative to, for each update comand, conpare a

posi tion of therikargeiverfinahgidrg ad:@sh!gy]aﬁcbnhodtdmibeﬁaggbjrmc}e@nﬁgwmaopr:osetssi on of
each of tt’eﬁc at | east

samples 10 demSdifate a respective multipath component in the received signal;
a controller operative to identify at least one candidate finger for which merging with a
target finger is to be prevented, wherein the at least one candidate finger is identified from among

the phurality of fingers; and

a finger merge protection (FMP) unit operative to, for each update command, compare a
position of the target finger designated to be adjusted with a position of each of the at least one
candidate finger, determine whether merging is detected for any candidate finger based on
comparison results, and allow the update command for the target finger if merging is not detected

for the at least one candidate finger.

22, In a wireless communication system, a method for preventing merging of demodulation

elements (fingers), comprising:

identifying at least one candidate finger for which merging with a target finger is to be
prevented, wherein the at least one candidate finger is identified from among a plurality of fingers

assigned to process a plurality of multipath components in a received signal;



candi date finger, determ ne whether nerging is detected for any candi date
finger based on conparison results, and all ow the update command for the
target finger if nerging is not detected for the at |east one candidate
finger. 22. In a wirel ess conmunication system a nethod for pr yqﬁthDMS
mer gi ng of denodul ation elenments (fingers), conprising: |dent|?%|ng at

| east one candidate finger for which pgrging with a target finger is to be
prevented, wherein the at | east one candidate finger is identified from
anong a plurality of fingers aSS|gned to process a plurality of nultipath
conponent s |n°ampeweﬁ@@wﬂeﬁéﬁaﬁwe@ imECipgesed 0 e aduppdriitig rasiposifeicbn of t he
target fidrgen: desbanalidddmee adjusted with a position of each of the at

| east one candi date finger; deternlnlng whet her nmerging is detected for any
candi date finger based on conparison results; and allow ng the target
finger to be ddjeuiniegwhfthereerdinggs fesecivdtfordet wodidd finger baved exxcolngarison one
candi dat g f}1ggs - 23. The nethod of claim22, further conprising:

i dentifying a set of preferred fingers, and wherei n t he target finger, if it
is a preferred finger, is allowed to be adjusted even if nerging is
detected for aﬂw@ngpmeﬁgmﬁeﬁrcdmdmdambfmhemeﬁamndﬂhmélmetMQWkﬂaomf claim1,
further C%Hﬁé&é%%% a decoder operative to receive an indication of the
target finger and the at | east one candidate finger and to generate a
control signal indicating which fingers to conpare to prevent nerging. 25.
The devi cB. of bk aietiod pf A 22) firtiteheongtrisingast one candi date finger and the
target finger are assigned to process nultipath conponents for a single
base station. The devyice of .claim,1l ei n nents owed for
fingers are ap q“f‘@&'girggt %B’? e&ﬁ%ﬁ‘éﬁfm Et“ﬁdrwe‘le‘r?éﬁeefﬁrtggtafq}ﬁ TP ‘H%@ﬁr‘?fje of claim
1, furt hefngeoiRpiveddngbe aﬁEjt@ﬂeﬂlE‘&hhfttyergiﬁgi&kldifﬁ:tédﬂﬂerQioﬂ@rdf@@ﬁ%arﬁiﬂﬁfe&ﬁlgate to

i ndependent|ly track timng of the plurality of fingers, even when merging

is detected for ny of the fi
The %ev){ce of cla{r]n i, furt%%r comprising:

a decoder operative to receive an indication of the target finger and the at least one
candidate finger and to generate a control signal indicating which fingers to compare to prevent

merging.

25. The device of claim 1, wherein the at least one candidate finger and the target finger are

assigned to process multipath components for a single base station.

26. The device of claim 1, wherein adjustments allowed for fingers are applied are designated

time instants.
27, The device of claim 1, further comprising:

a plurality of time tracking loops operative to independently track timing of the plurality

of fingers, even when merging is detected for any of the fingers.



