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PI LOTS OVER CODE SPACE AND FREQUENCY ERRORS I N A CDVA COVMUNI CATI ON SYSTEM
BACKGROUND Field [1001] The present invention relates to data

comuni cat i s ozBg3aore particularly to techniques for acquil,gém%{,%lgggl S
(e.g., pilots) over code space and/or frequency errors in a

communi cation system Background [1002] Wrel ess conmunicati on systens are
wi dely depl oyed to provide various types of comrunication such as voice,
data, and so on, for a nunber of users. These systens may be based on code

division multiple access CDIVAi, tinme division nul tibﬁlle access éTDIVA
frequency di vi MTHQDM&% PARATRIR) FOR AGCQUERING RILOT O-Edfgss
tec[mm ques.  CDVA smbﬁsm?mgmqrmmwmmmy@m% ypes of
system such as increased sys : is typically
designed to conformto one oWﬁMiﬁM@MS 95, c¢dma2000,

| S-856, WCDMA, and TS-CDMA standards, all of which are known in the art
and incorporated herein by reference. élOOS A terminal in a CDVA system
needs to acquire signals transmtted BAGKRGROUNY nore base stations in
order to receive or exchange data. In many CDVA systens, a pilot is
transmtted fromeach base station to assist the term nals performa nunber
of functionsfijeilthe pilot is typically generated based on a known data

pattern (e.g., a _sequence of all zeros) and using a known signal processing
scherme (e.g.,188Uer ed'haipresent inventiaon relaks tof date comawaicaippaand/mere particiienly

bace stati on PaeaRft ity SARKTENEnmtR e, Ay Sy bR PR AR ROy R

of nei ghbori g dEBR A tahmaARatién §stepwy t he term nals to distinguish the
i ndi vi dual base stations. The pilots fromthe base stations’may be used at
the termnals for acquisition, frequency and tim ng synchroni zation,
channel esti | oherent denodul ation of a data transm ssion, and so
onc 4 apra L otsaagmnd? 020200

[1002)  Wireless communication systems are widely deployed to provide various

types of communication such as voice, data, and so on, for a number of users. These
systems may be based on code division multiple access (CDMA), time division multiple
access (TDMA), frequency division multiple access (FDMA), or some other multiple
access techniques. CDMA systems may provide certain advantages over other types of
system such as increased systemn capacity. A CDMA system is typically designed to
conform to one or more standards, such as IS-95, cdma2000, IS-856, W-CDMA, and
TS-CDMA standards, all of which are known in the art and incorporated herein by
reference.

[1003] A terminal in a CDMA system needs to acquire signals transmitted from one
or more base stations in order to receive or exchange data. In many CDMA systems, a
pilot is transmitted from each base station to assist the terminals perform a number of
functions. The pilot is typically generated based on a known data pattern (e.g., a
sequence of all zeros) and using 2 known signal processing scheme (e.g., covered with a
Walsh code of zero and spread with a known pseudo-random noise (PN) sequence). For
IS-95 and cdma2000 systems, each base station is assigned a specific PN offset that is
different from those of neighboring base stations to allow the terminals to distinguish
the individual base stations. The pilots from the base stations may be used at the
términa]s for acquisition, frequency and timing synchronization, channel estimation,

coherent demodulation of a data transmission, and so on.



2 PCT/US02/ 31776 [1004] The acquisition of a pilot is made chal4 srrgi.pghedue
to various phenonena. First, the pilot is distorted by noise and

i nt er f er enc¥OOHOIBY comruni cation |ink, which can make det ®ETYEH92/3F776 he
pilot difficult at a termnal. Second, due to obstructions and artifacts in
the transm ssion environnent, a transmtt pilot typically reaches the
termnal via a nunber of signal paths, and the received signal at the

term nal nor I i s . ul tipl e inst e f the.pilot_at various

ool | tudes. 0L, TR AEERIER b finiig: 1 bRE Sheftrahat ot e Vardips e SEnge
of its | ocat iFi, eedpilut i§ distoreedr®l Bdise/ 8nd Mi&¥EERiR ihithe comuhfatién ik CwECh
space may need to be searched to find the pilot. And fourth, novenent b

. 0 find ! . y
t he term nal c&r Bakedetgctigpofi the pilpt difficylt atpetermingl e Sespnds duent® ghstruetiong apd| ot |

[ 1005 e o st & ohb FESRRNH Vol » bR P briGhEr A JEF,

acquire si gn@domira® vik a nPnbex 66 sigya patRIendSPe Geceed :ﬁ‘%nafl e QBAYinSl KeBlly
SUMVARY [10061 Aspects of the 1 nvention provide techniques to effectively

acqui re pi | oinglugge muléple instangeeoizhe pidet f vatousyplidndes; phasas eaddelayhnlhjides

may be used t.Q Qyi de_J.nnr.ov robabpi | ty. of t ect.i on,and/.or shorter
acquisition Plinﬁg{he\[{i%a?#ﬂﬁary %ﬁgaeggv ecﬁf’)ﬁsplpfg%{onaa@ Lﬂrgli‘?f‘%ﬁel&vcéﬁg P¥%ﬁ’ﬂé‘&’%si ng
a nunber of guhsé RYSbde spatd dHeedfio bb e StHralta TR thé pildt RGId foafh A6vement
performed in parallel using different processing elenents to shorten the

acqui si tion by the teypinghweaipet Poppler shpftanthet frquency efithe raseived pilgle sausingdher a

designated c 'S t P Is perforned by a
searcher to 8?%&' Ig%g%s]éf%'g?%%%%?gﬁﬁlvdeﬁ&;?n%{o@gﬁ%@%%‘ﬁ%i paths in a received
signal (det gr05pubsTigge)s tinefotdesrefaakbie may fdrctetioyi il toadffettivalyr sxire

noi se peaks (dwell substage) and provi de candi date peaks: "Fi'nger processors
may then be BigB3I(Feg, PHOEIRVET ode ipaes endherdkaqusnel @8t to acquire these
peaks over frequency errors (pull-in substage). The searcher nay be
operated to search for the next set of peaks while the finger processors
are processing the current set of pealSUMMARYetect, dwell, and pull-in

subst ages for basjc stage that may be used to form nunerous pil ot
acqui si t 1 on [0Rb e cASHeEs G fha avees PYide tegbRigres o cbirouval AiTeyloover

desi gned 10 s&RIGAC ﬁ{w&l’fﬁe@g@wf rs.Pf &%geé"‘?lﬂ%% gﬂytﬂemssa ﬁ}tnﬁ‘gﬁﬁe iﬁ@&?e&t age

of a nmulti-stage "schene ma esl gne bet ween vari ou act or

such as pr obplwbhbility off dettetion tandfor a slpered acquisiien ahieng, maxi num frequency

error that %Op‘f a(iﬁuc:ill{eea(jsbecat,r] gilgtoac(c);Gisitibc‘)ndf.sf;];e%o%rﬁted Sugitngoaf mﬂg{)&_ﬁ&t seu[i)stages,
and some of the substages are pipelined and performed in parallel using different
processing elements to shorten the acquisition time. In one specific implementation, an
initial search over a designated code space (e.g., the entire PN code space) is performed
by a searcher to find peaks representative of possible multipaths in a received signal
(detect substage), and these peaks may be re-evaluated to remove noise peaks (dwell
substage) and provide candidate peaks. Finger processors may then be assigned to the
candidate peaks and attempt to acquire these peaks over frequency errors (pull-in
substage). The searcher may be operated to search for the next set of peaks while the
finger processors are processing the current set of peaks. The detect, dwell, and pull-in
substages form a basic stage that may be used to form numerous pilot acquisition
schemes.
[1008] Various pilot acquisition schemes may be designed to search for and acquire
pilots using multiple stages. Each stage of a multi-stage scheme may be designed to
tradeoff between various factors such as probability of detection, speed of searching,

maximum frequency error that may be acquired, and so 6n. A different set of parameter



4 APRIL 2006 WD 03/030391 PCT/ US02/31776 3 val ues nmay be used f osni£agh
stage to inprove the likelihood of pilot acquisition for different
.operating conditions. Each stage may be inplenented using a nunber of

substages,W%&n?)]substages and stages may be pipelined angg@t%rswﬁgﬂ :In
shorte , u

parallel to n acquisition tinme. [1009] In another as

range of possible frequency errors for the pilots is divided into a nunber
of frequency bins. A nulti-stage acquisiti3on schenme is then used to

eval uate the frequency bins, and one or nore stages may be used for each

bin. The nmMydliiesSthay®eSebe Tor 8RN 4tAgOt dhplole the liRkIRRIodNdMeilAndqRisitiah | fof
processing such that the searcher may performa search for the next set of
peaks in thediffesent ope@tiag cpnaitiensvhitiash siage mpy der implersenrisd usingta apmber of

[1010] The auuiery i MR Rkt EERES, maheE oiliint iy Berfitles HORGRLYG "'

forward [i rﬁﬁonaﬂdcqaﬂﬁﬁblbﬁmet he reverse link, in various CDVA systens such
as 1S-95, cdma2000, WCDMA, and TS-CDMA. The invention further groyi des
ot her et hodd009)ende anethes: aspestedis ful rangei af possiblefraquency errs frHae peplsaent s

the i nventi ol eed B aditRes of Heb BenBRR"dh by REF stiuion R e R TR o
THE DRAW NGSo[elaluile thegreh@aicytans, aaatone @r niie stgvaiagdeused fortack bt eThe
i nvention will become nore apparent fromthe detail ed description set forth

bel ow when tRREnStage scHeME HaaY iBpOIpRfatehthepipalining siglparallehipracassingcaich dhaf tegrce

characters | %g{&h%f My §§k8&?8@9&1@9 o iht Qéﬂ%t‘ﬁfe‘éﬁai? ﬁb%ﬁ{eg g@%ﬁ?@%ﬂg Whifg 1

is a di agrarﬁ eSS conmuni catron sys

sinplified hhetikgeh procaanors httempracqaRitonnif thd cudrdnd s of padksdoumifar tik dugient nal ;
[1014] FIG 3 is a diagramof a circle that represents therentire code space
for the PN fseygnsclin. [1015] FIG 4 is a block diagram of a rake receiver

[1016] Fi o QOGS Bkl e RRS) desiaCHiel) AEP R, e HF MOVEREI T

be used to ladkaandpésiblatie recemsd liek,in vatisus ODMAl egstenasetl a8 d895S pdm2000,
W-CDMA, and TS-CDMA. The invention further provides other methods,
demodulators, receiver units, terminals, and other elements and devices that implement .
various aspects, embodiments, and features of the invention, as described in further

detail below.

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. lis a diagram of a wireless communication system;
[1013]  FIG. 2is a simplified block diagram of an embodiment of a base station and
a terminal;
[1014]  FIG. 3 is a diagram of a circle that represents the entire code space for the
PN sequence;
[1015]  FIG. 4is a block diagram of a rake receiver capable of implementing various
aspects and embodiments of the invention;
[1016] FIG. 5 is a flow diagram of an embodiment of a single stage that may be

used to search for and acquire pilots in a designated code space;
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illustrating the partitioning of a range of frequency errors into nmultiple
frequency BVA3/0p0BANE] FIG 7 illustrates an enbodi nent of PAMEsSKRBHe pil ot
acquisition scheme wth early term nation upon successful pil ot
acquisition; and [1019] FIG 8 illustrates,an enbodi nent of a multi-stage
pil ot acquisition schene for multiple fre%]uency bins and with early
term nation suc sful pilot .gcquisition...[1020] FIG i s a diagram
Showt ng. t ho RO 1 FIG S asBetnfErtaias e R duRe obs irse of FequBRESTor, or
(in units of jpaMhiplefequbmyPind) - DETAILED DESCRIPTION [1021] FIG 1 is a
di agram of a w rel ess comruni cation system 100 wherein various aspects and
enmbodi ment s d1018e | Fl@nT iiBustrateg deeinbpdiowshof@. tv8ystagapil 00 acquisitiond scheme

comuni cati on .f.or nunber of cells, wth each cell heing serviced by a
cor r espondi nd”‘H’a%aéﬁ’st?%‘?‘B%m&'&ﬂ“ Sﬂcff’&%@?ﬁ]o&taf’%‘ﬁs‘%‘?“’a?@o comonly referred to

as a base- sfgjjon tFﬁﬂsg?ﬂh}éﬁr&té%téﬂﬁ&ﬁﬁﬁbof%nih@t?—%ﬁ:@e ?ﬂbﬂ&cqu?éiti&x D fheB-
Various termnal$ 106 are dispersed throughout the system (ohly one
termnal is dbomltiple fréqendy bims and withl eiady teriningtibd 2@pn Bacskssfalrpiioh a¢quidomay

ks at - any TWABn BRI <findt hoSine Wheratapiy of deshs FlitpRaal orgle"°
active and Wiglhf&dcy@roR @ dnfits b ppid i Al pdaBARhf - The forward link (i.e.,

downlink) refers t0 transm ssion fromthe basé station to the term nal, and
the reverse link (i.e., uplink) refers to transmssion fromthe termnal to

the base station. [1023) A sign ' base station may reach
the termnal via one or nulti me?@mPW@ si gnal paths may
include a strppxf)t peld {SWCh dsprihosRla wielels t4ReunfAdoRsyiRid 200 athdiaihhs
(such as signal paths 110a and |" I ob). Reflected paths 1l10Ga.and 110b are
creat ed when vatieus asppeffiand canbodiments of theeinventiondmay e rigiplementesh Systers 490
108a and 108b

than the |1 ndroBERi iekiof B FbtER sshbcul Foell e belnd shiieli by Bc s

in the envir ebffedpondingWake fratibrh €04. e ABa3e ktaiién BPASAEOMBONE: Bferre@Ub lalanise-
trees, or sone other structures The received signal at the term nal may

thus conpri sé&tabon §HRBEiNr SXS@H@&?SB}W@% o, e Nogadhsyarieysgpmainalsd06nor e
base stationg EE&%SI%_@H Ghidughbit teS s@SR Ghll Rk ! ¥rRibP 5 $HoRY hNFiG. 1 for

mul ti pat h phenorme
simplicity).

[1022) Each terminal 106 may communicate with one or more base stations 104 on
the forward and reverse links at any given moment, depending on whether or not the
terminél is active and whether or not it is in soft handoff. The forward link (i.e.,
downlink) refers to transmission from the base station to the terminal, and the reverse
link (i.e., uplink) refers to transmission from the terminal to the base station.

[1023] A signal transmitted from a base station may reach the terminal via cone or
multiple signal paths. These signal paths may include a straight path (such as signal
path 110c) and/or reflected paths (such as signal paths 110a and 110b). Reflected paths
110a and 110b are created when the transmitted signal is reflected off reflection sources
108a and 108b, respectively, and arrives at the terminal via different paths than the line-
of-sight path. Reflection sources 108 are typically artifacts in the environment in which
the terminal is operating (e.g., buildings, trees, or some other structures). The received
signal at the terminal may thus comprise a number of signal instances (or multipaths)
from one or more base stations. The reverse link is also similarly affected by this

multipath phenomenon.
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controller 102 (which is also often referred to as a base station
controller (BSC)) couples to base stations 104 and may further couple to a
packet dat awwgetawnieivi a a packet data serving node (PDSN) angéfis@/fvel i C
swi tched tel ephone network (PSTN) via a nobile switching center (MSC), all
of which are not shown in FIG 1. Systemcontroller 102 provides
coordination and control for the base stafions coupled to it, and further
controls the routing of calls to termnals 106 via the coupled base

stations. [1d2834]sysinpysicr 1R8y2 prsters sopiellertIO2mbisdy s asoeottnn wisreddpyn a
st andards su 1 S- I ga% 5:?1\@ rs.
These CDMA stan a}:@?c%rﬁreolllgﬁgﬁmgé})nc%ﬂ ﬁigggér)gasgnda | nc%p%-glr1 ate fr‘inéeﬁr?ée}i cﬁhgf;, 82
reference. [ IfaZkdt deben@iivotk vRaCHphcliet dara seAdiy nadee SPIOSN) hed/biny @abli® Bwitehedoe
I npl emented on the forward |ink, and possibly the reverse link, in various

CDMVA syst ens.telephong ngtwesk (PS{Thbsda adaebilegtraisching canterciMS eh allyof gekieh jagepotf or
the f d jnk i - 95 . '
e o e FA PSSP ARAAR SR codrd b ElGorf P b o

106. On the fspations dobplekto A} atibfigthet abritils #doufing HABAN to ternihaldd08 via the

processor 210 receives various types of "traffic" such as user-specific
dat a, message&@upled hasesations. TX data processor 210 then fornmats and codes the

different ty ft | . I odi hde
coded dat a. * BARICoa Rt cio0Bapbe BRiHR 8 s okl e CORE byl Sl
redundancy checlS-9ERY-856,0040420000 LCDVLA bTS-COMX K andirodheds.heThesedCDMAOr
no coding at all. Interleavi ngqi s commonl y %Fﬁl ied when error-correcting

codes are usetndasdsaemopn igithe gt and incometated herpigrty refeggneecoded usi ng

di fferent codt sch : : N dnti : ' ta
and the codegh%t]a f?ggrrP l}gz[&ggi?gm?rtg%g‘gﬂsug% BE?% anctil%%é%{)ﬁgeﬁ r%%%stéd;ént e
recei ved dat dotwarddink ateé possibilyathe devtatenlink, Far vdrioud TIaMA syine2O0For ichaity,
processi ng by, nodul ator 212 ingl ude 1 anpelizing . (i. coverin t he
e T or | SachNOs FHmiaGs AcopeOBNE Restbre b dng forvariapnl i .9 End Sdmartig)
and pilot chaggelg) wth a respective Walsh code to channelize the

user-specific” data, nmessages, and pilot data onto their respective code
channel s, (2)[162#hm ngIG.h2is « kiamplidied Adotkodiagrafroof @l embodimenhahbask statiand043)

opr 2 19, ChEBIRAITNE i g oA LGS, BT SO ULBBITRS bR s e
processor 210 receives various types of “traffic” such as user-specific data, messages,
and so on. - TX data processor 210 then formats and codes the different types of traffic
based on one or more coding schemes to provide coded data. Each coding scheme may
include any combination of cyclic redundancy check (CRC), convolutional, Turbo,
block, and other coding, or no coding at all. Interleaving is commonly applied when
error-correcting codes are used. Typically, different types of traffic are coded using
different coding schemes.

[1028] A modulator (MOD) 212 receives pilot data and the coded data from TX
data processor 210, and further processes the received data to generate modulated data.
For 15-95 and ¢dma2000, the processing by modulator 212 includes (1) channelizing
(i.e., covering) the data for each of a number of code channels (e.g., traffic, sync,
paging, and pilot channels) with a respective Walsh code to channelize the user-specific
data, messages, and pilot data onto their respective code channels, (2) summing the
channelized data for all code channels, and (3) spreading the summed data with a
complex pseudo-random noise (PN) sequence at a particular PN offset assigned to the

base station. The pilot is typically channelized with a Walsh code of zero.



base station. The pilot is typically channelized with a Wal sh cotRRIBR00ger 0.
4 APRIL 20 030391 6 PCT/ US02/ 31776 [1029] The nodul i s then
provi ded tggg P%ﬁ@rﬁtter unit (TMIR) 214 and conditioned g&g‘fs?'%é@ﬁ@erted
to one or nore analog signals, anplified, filtered, and quadrature

nodul ated) to generate one or nore forwar@ nodul ated signals, which are
routed through a dupl exer 216 and transmtted fromone or nore antennas 218
over a W ref1029] | i rithetrBoddifred @at i8ahén plod(iBALo Altrdreiitterainitl@@ITR 214 axdvar d
nodul ated signals fromone or nore base stations are received by an antenna

250, - rout ed ¢Mndififmrd {e@uptuawered 1o ongref BBy prAJES signals, padified fiftredRInd 54,

Recei 254 iti ' i f . J
ot APt HURA B sl o TR 8P RN b o
(DEMOD)  256rdubsnthfcghi &véspletd 2060RaIe@Smithd flahan2athe dntenpbO2iflBver a

recovered synbols. For |S- 95 and cdma2000, the processing by denodul at or
256 i ncl udeswirglesdlinkoiodheifenginalfe data sanples with the (conpl ex-conj ugat e)

Gosprend antinat) ;R ERBha) dBer Srardhveld e el on' Se, P FRIEGE "

data and pi | ahtiéHitage tedeived bgapaticnie 260, d6uted @itbetisa dapidxdrIB2caltesovided to
denodul ati ng the channelized data with pilot estinates recaovered fromthe

recei ved si gfeseiveDde¥B) 284 r Resdvargdpdicopdidnente-s. filae amplifieycdownegnvastsn

process mult] .. S| i r LLi ' I | V j |,
as descri bedgi e@g&@%@?@%ﬁﬁ@%?%@ﬁ?‘f@@@ d%sa‘fag} %?%%%%s% :&gx?ggﬁl? @éﬁﬂlﬁl@%@?ﬁes
and -decodes 236ethsy réveives ahd procelssDld|datadiampies td providoreesverdibsynitls. e dsE i ¢
data and nessages transmtted on the forward Link. The processing by
denodul at or 258ndeimad0Qethy PERCcsEERE By domgdylator ¢3erncliden ( Brdesprgadipg the data
performed by,

| I . SHech i base
Bt et i on 104 Pl Coui-ochiiha) 131 SERRREY velo pfeBT B Adul s vl |00
not descri beslati@r, €)ndecoVérimgr thy despeeddi saknplesocids Hergopes Whish cddgsan dharnelize t he
particul ar CDVA st_and%rd befrnq irrpl&g,ent ed. ,[103%]5 Controllers 220 and 260
may be used ¥'6 WFFuEd 9@ sl Bllefpeniar hehsresRec e CRY hannielsy apl @hgobariiihal

respectively lﬁ@dﬁgﬁ Uikt iz88 6.2 3[? . t € t des
for control I%ers 2 Oaﬁ&;@ 260, rezspcehgé ééi ‘;f.ﬂ %SQ%QEI%\:&%% sfrgﬁdﬁigglr%g%vo a
circle that sigmlesPeanedilater @56i mey dogtenspa@erakeretdieer that can process multiple

signal instances (or multipaths) in the received signal, as described below.

[1031] A receive (RX) data processor 258 then receives and decodes the symbols
from demodulator 256 to recover the nser-specific data and messages transmitted on the
forward link. The processing by demodulator 256 and RX data processor 258 is
complementary to that performed by modulator 212 and TX data processor 210,
respectively, at base station 104.

[1032]  The reverse link processing is also shown in FIG. 2 but not described herein.
The reverse link processing is also dependent on the particular CDMA standard being
implemented.

[1033) Controllers 220 and 260 may be used to direct various operations at the base
station and terminal, respectively. Memory units 222 and 262 may be used to store data
and codes for controllers 220 and 260, respectively.

[1034] FIG. 3 is a diagram of a circle that represents the entire code space for the
PN sequence used to spread the data at the base station. For IS-95 and ¢dma2000, the
PN sequence has a specific data pattern and a fixed length of 32,768 chips, with each
chip of the PN sequence being assigned a respective PN chip index and corresponding
to a specific phase of the PN sequence. The start of the PN sequence is assigned a PN



PN ‘sequence used to spread the data at the base station. For | S4%¥PRanebos
cdma2000, the PN sequence has a specific data pattern and a fixed | ength of
32,768 chips, with each chip of the PN sequence bei ng assigned a respective
PN chi p i ndwo @mdemor responding to a specific phase of the piNygsepganRwe. The
start of the PN sequence is assigned a PN 4 APRIL 2006 WD 03/030391

PCT/ US02/ 31776 7 chip index of 0 and the last chip of the PN sequence is
assigned a PN chip index of 32,767. The PN sequence may be conceptual |y

vi ewed as being placed on the, circunference 310 of the circle, with the

SL art 01; t hefqhxp dedeneafc® apdithrylasy chjped the PMheequengs isfassigaed iarkdY ehip index opN
art. . . _ G
3 B ount er eI G T Phhebe Ey B EGLEpBiny HEPENES Bhe IR0 dnd

each point cogifcasdieretiee 310 af tHReseld, with bl sedt 6f 1hedeX séquefice béing AEHRE! to\tBe PN
phase). The Ilength of the PN sequence is traversed béqrmw_gg?around t he PN
circle in a cradkupsseirclgitiecPNshimingsy of Orig aktherten«@d tha BN qinadds |Althaggh o so

Shove 8 et o382 At S I 3B T e 550

nul ti path envéachPERI corréspoRs\®y L vaPercHip @itk (1.6.203e8pkétp@ PN phaseathe
station may arrive at_the termnal via a nunber of signal paths. Each base

station may aesghof dhes BN sequenceds tiaygrsgdby moyingaargung thel BY «irclei igriaglackwise
dependi ng on ﬂﬁﬂ% . S| erating in a transmt diversity node.
Thus, the recei v{elgl?éllogggﬂgg?fe%%ﬂgétsgra‘m nal may conprise nultiple instances

of one or norido8sr wariGd dildoadhed s goeived kighah 300 At 8fterdiifalphaving & nuldee of
stations. Each multipath in the received signal is té}gi cally associated with
a respectivePedlyPIEIRONAPIBatNea wmBPbearofi signalt ingiances) yemuitipaths) jLuey toy|the k
di agram of a ' SAP i jn@lg A L EUS AR and
enbodi nent s 'o]?a g&fcﬁn\?g\éﬁﬁxgﬁéga%ke ?g'lgg}]@gerd %z%ngé edlﬁsﬁzléh?g& | rrp%grhrra]t
denodul at or 2bfivevat the terirenativivah nibeof sigmbd gathat Eack? Bdsevitdtivnmbasieo shuddmion

104 in FIG 2. Rake recejver 256a.includes a searcher 410, a nunber of .
finger proce¥§dqrdnyliiple fopyard ra %ﬂ:ﬁ sighplsndapending onpwhetherqrinof i 15 8psTaHnS

rake recei vermZa‘Sﬁgnsn'ﬁ{\ﬁ{\}.é?ﬁ@ Rb@t Tf'nﬁ%]gﬁcr r&%%&%?é?x"a? af theStermilfH rﬁagl)cgrélpgige

al t hough ot her designs wi nore or ewer T1nger processors nay
used. [1037] mekipievinstafiées of @ndiotr nmre férvagd moidin] atesh S gealsl frampdach io€ she bhemore
recei ved signal, uadr '

ure downgonverts the conditioned signal, and,
Gigitizes t hePHIb SRV e B THlipain i s, Feso1vad LeibiiebRLHLY SH5RIS Wihea
quadrature d%ﬁﬁé@ﬁ%’@ﬁﬁhﬂ'ﬁh&[‘ﬂaﬂé,@nﬁi a3l GheTRY
[1036] FIG. 4 is a block diagram of a rake receiver 256a capable of implementing
various aspects and embodiments of the invention. Rake receiver 256a may be used to
implement demodulator 256 within terminal 106 or demodulator 234 within base station
104 in FIG. 2. Rake receiver 256a includes a searcher 410, a number of finger
processors 412, and a symbol combiner 452. In a specific design, rake receiver 256a
includes eight finger processors (i.e., My = 8), although other designs with more or
fewer finger processors may also be used.
[1037] Receiver 254 conditions (e.g., filters and amplifies) the received signal,
quadrature downconverts the conditioned signal, and digitizes the downconverted signal
to provide complex data samples. The quadrature downconversion and digitization may
be performed in various manners, depending on the specific design of receiver 254. In
one receiver design, the conditioned signal is quadrature downconverted to baseband (or
near baseband) with a complex carrier signal, and the baseband signals are digitized to
providé the data samples. In another receiver design, the conditioned signal is

downconverted to an intermediate frequency (IF), digitized, and digitally quadrature



be perfornmed in various manners, depending on the specific design of
receiver 254. In one receiver design, the conditioned signal i6ARRIRA@dMt ure
dommconverkig %p haseband (or near baseband) with a conplex carrier signal,
and the bastBAN®tynals are digitized to provide the dataPCAR0R31776 n

anot her receiver design, the conditioned signal is downconverted to an
intermedi ate frequency (IF), digitized, ang digitally quadrature 4 APRI L
2006 WO 03/030391 PCT/ US02/ 31776 8 downconverted to-baseband with a conpl ex

si nusoi dal sigghakohRried o Bebiil Uathda &ﬁmﬁ%mukéiﬁ%ﬁ]siomet@%&@vi&@m ®tal F OM
receiver 254 may be expressed as: D, (k)+ | DQKk)=ES(B,,K)e/ mKkr, where Eq (1)

D, (k) and Dsgmpleare the i nphase and quadrature data sanples, respectively,
at sanple ti jndex, ki, S(9 k) s the.i-th nultipath in. the received signal
and is associ[m Wi )lfhe Qatﬁkl"“h 3 Qn'brfecﬁ,ver,%@hw)mr%%%asrhe PN of f set

assigned' to the transmtting base station as well as the propagation del ay

for this multi path'{@S?g@ﬁgéﬁgﬁfﬁu’m@peed of rotation for %Q i-th

mul ti path, where , ency err’or of the i-th nulti , Which
i ncl udes the Doppler frequency shift of the nultipath and the frequency
error in the downconversion of the received signal to baseband; and T, is
t he sanpl e pevlieogl. The data sanples fromreceiver 254 are provided to

searcher 410 and fj n%er proceasors 412 of rake_receiver 256a. [1039]
Searcher 410 is usBdk? gndeBy &) e thesinphasg apd iqupdratune data spmples Jeereglively Fnal

and to provide an indication of the strength and timng of each found
mul tipath that neets S2@@letypeiderdiia. Each finger processor 412 may then

be assigned to pro a gespective nmulifipath of.inferest (e.g., a

mul ti path of out f i LPaR TsHiediBaRuliRath Ja, ?%ﬁ@&gﬁgﬁnafﬁﬁf Fcﬂséf&faq%wltbés%%] on
the signal strength information provided by searcher 410). .,In an aspect,
finger processors 412 @hasepk§, .owhighiipcludes’ the BN offsefiassiened ip Preosansautiing
descri bed bel ow. [1040], The search {or mul ti pat hs ils fI}/m,cal H/ Blerformad
based on the pil ot i nclbasfgation as well as the propagation delay for this multipath;

@, = 27Af, is the speed of rotation for the i-th multipath, where Af, is the
frequency error of the i-th multipath, which includes the Doppler
frequency shift of the multipath and the frequency error in the
downconversion of the received signal to baseband; and

T, is the sample period.

The data samples from receiver 254 are provided to searcher 410 and finger processors
412 of rake receiver 256a.

[1039] Searcher 410 is used to search for strong multipaths in the received signal
and to provide an indication of the strength and timing of each found multipath that
meets a set of criteria. Each finger processor 412 may then be assigned to process a
respective multipath of interest (e.g., a multipath of sufficient strength, as determined by
controller 260 based on the signal strength information provided by searcher 410). In
an aspect, finger processors 412 are aiso used in the pilot acquisition process, as
described below.

[1040]  The search for multipaths is typically performed based on the pilot included
in each forward modulated signal. To search for strong multipaths, the data samples are
correlated with a locally-generated PN sequence at various chip or sub-chip offsets (i.e.,
various PN phases). Due to the pseudo-random nature of the PN sequence, the

correlation of the data samples with the PN sequence should be low, except when the



in each forward nodul ated signal. To search for strong nulti pat h\prifegegdat a
sanples are correlated with a |ocally-generated PN sequence at various chip
or sub-chip offsets (i.e., various PN phases). Due to the pseudo-random

nature of t uence, the correlation of the data sanmp with_ the PN
seqguence sh%‘gmggﬁﬁow, except when the 4 APRIL 2006 WD 03/ o%@@ﬁ“’é’”m

PCT/ US02/ 31776 phase of the locally-generated PN sequence is approxi mately
aligned with that of a nultipath, in which case the correlation results in
a high value. [1041] In the enbodi nent shown in FIG 4, wthin searcher 410,

the conpl ex Ghbse of tEploesllPaendpited iFdededu@nde i bpirokinddély aMzhed vagy fHat 56 a2
complex multiply of the data sanples wth a conplex sinusoidal signal to

generat e fr equdhipathiipaylichecasg thppgarredatiopireslts iga htgh Yadye-be expressed as:

froquency (1 W04RE onk e onthensSpfihiin FiE, 4L ik Fheh ) oS eorpieh gl

rotator 420. siipRs fafecpteRtiRd, to @rotdtsr 4120, SFHIEH ?éifdiﬁhsaa EoapeR MMtSRNIT 0 data
signal, F5, and nay be set to zero or sonme other val ue, as described bel ow.

Rot at or 420 ramples Wikhecaraplex sinysudalisignel vogeaeiabnirequenpetranglated datplsamplése t o

Doppl er frequen hi n ... downconversi on frequency error. [1042] Since
the sane bl O?&lét?mﬁéééx gy-egra%nsl ated data sanples may be eval uated at
vari ous PN phases, each of which corresponds to a hypothesis for a

multipath, the s I L sampl e-lout.fer 422. For

hypot hesis to be 2%%1@#?&2‘!&%?h2§5@5?%h€r, ?he st ored data saﬁ%@s from
sanple buffer 422 are provided to a despreader 424, which al so receives
froma PN generator 434 a conpl ex-conjugate PN sequence, CPS (B,) , having
a specific phdeess @'ischs fregpeony (ingadiensd/fre) dfthochmplex diraisniglaksignal asaiiwithin
Despreader 424 despreads the frequency-transl ated, data sanples with the
recei ved PN reiepuddfe This frequendy, desisrdeseimsnatpbye s, fraguendy erajrob ei gealp Fgsadd
as: Ddf,,(k)+JDd,, Qk)=[D, o,,(k)+ID,a, Qk)]JCPn.(9,) Eq (3) 1104313 PN

gener at or 434naydie sgbtocdere er 1ayee ebguyales apiessabedbelewo Rateier 42G/may pe peggd to

generate and LetROLALE! Bl & I WCLatlied Suf o DRI PSSR aror,

di fferent phases or later uSe. Typic r

sanpl es are mme@mﬁjdﬁm@&ﬁbye@wot hesis, and only a sane-size segnent of
t he PN sequence needs to be generated or retrieved fromstorage for the

hypot hesi s. I[H42 endiaes theriamedlockpf ferquenciotranslated data samples may be evaluated
at various PN phases, each of which corresponds to a hypothesis for a multipath, the

samples are stored to a sample buffer 422. For each hypothesis to be evaluated by the
searcher, the stored data samples from sample buffer 422 are provided to a despreader

424, which also receives from a PN generator 434 a complex-conjugate PN sequence,
C p,,'(es), having a specific phase, &, corresponding to the hypothesis being evaluated.

Despreader 424 despreads the frequency-translated data samples with the received PN

sequence to provide despread samples, which may be expressed as:
Dy (k) + JD s (k) = [, (k) + D, (K)]-C,, " (8,) . Eq (3)

[1043] PN generator 434 may generate the required PN sequence on the fly, or may
generate and temporarily store a number of (e.g., four) PN sequences at different phases
for later use. Typically, only a particular number of data samples are processed for each
hypothesis, and only a same-size segment of the PN sequence needs to be generated or
retrieved from storage for the hypothesis. In an embodiment, 512 PN chips of data
samples are processed for each hypothesis, although a different number of data samples

may also be processed.



sanpl es are processed for each hypothesis, although a di f f er ent* #HHEPI6f

dat a sanpl so be processed. 4 APRIL 2006 WO 03/030391 10
PCT/ US02/ 3?‘?98%%06?4] To detect a pilot, a pilot channeli ze?"c}é%s“fz’i”g?

decovers (i.e., nmultiplies) the despread sanples with the sane
channel i zati on code, C,,u0,, used to channeglize the pilot at the base
station (which is Wal sh code zero for |S-95 and cdma2000). Pil ot

channel i zer ¢4} henTq deder £piibly h pllot thatnslify 2BHirtedR o6 ¢i.0) dltipIREPIheS
over Nc PN chips to provide a conplex recovered pilot s P, + P

whi chkmay be despsgad Samplas vitinthemsame phanuglizaieneade+ Lo psg(ffit;r;tl)c%leimdiéatbej pi%zq
p my e T . A . .
't eger mul ¢ Aore B BAROETNBAE AENNA bt Ho B SIS ahl ddihipB0)Y B,

channel i zed hinnelizee 426lthén OR&emly) aCiifulates the decoveRd PIGE sBhpletovee NSHN and
the data on the other code channels are channelized with other Wil sh codes,

t hen the accohips ta providgveecomplex rgorershipiot symbal &, K iF, Lwhith mayibs expmysed
effectively renoves the data on the other code channels and only the pilot
Is extractedps:if orthogonality between the code channels is maintained
after transm ssion through the comunication |link. [1046] The conpl ex
recovered pilot synbols age then squared by a squarer 428, and N', squared

pil ot synbols are ofp coRefment,l 2L C late y an accurmul at 0Oto
RIS L PN EL ,

provi de a pil ot enérdy?esfy nete, f of" hypot hesi s be val uat ed.
The pilot energy estimte may be expressed as: NM Eons ZP, 2(n)+j PQ(n)

o=, Eq (5) The nunber of squared pilot synbols to be‘non-co_herentli/_

accumul at ed, [N¥8] nelheneoherent apqusaplpftieretimgrintesyal v typiestlyi aneintagen multiple of

Jeser | bed el g S0 oo B TP SR et RN o o
buf f er/ peak gabetleqra 48queney dicodlerighethd thepdmui i the Beer ofoddedinmhels fpeaks
| channelized with other Walsh codes, then the accumulation over N, = 64K chips

(where K = 1, 2, and so on) effectively removes the data on the other code channels and
only the pilot is extracted, if orthogonality between the code channels is maintained

after transmission through the communication link.

[1046] The complex recovered pilot symbols are then squared by a squarer 428, and
Npe squared pilot symbols are (non-coherently) accumulated by an accumulator 430 to
provide a pilot energy estimate, E,;,, for the hypothesis being evalvated. The pilot

energy estimate may be expressed as:

E i = i P (n)+ jP,’(n) . Eq (5)

The number of squared pilot symbols to be non-coherently accumulated, Ny, may be
selected based on various considerations, as described below. The pilot energy
estimate, Epi.r, is stored in a buffer/peak detector 432. After all hypotheses have been
evaluated, buffer/peak detector 432 may be designed to provide a set of detected peaks
for the hypotheses evaluated, as described below.

[1047]  Finger processors 412 are used for data demodulation and may further be
used for pilot acquisition. In the embodiment shown in FIG. 4, within each finger

processor 412, the complex data samples are provided to a rotator 440, which performs



for the hypotheses evaluated, as described below. [1047] Finger 4RpRECHHE' S
412 are used for data denodul ation and may further be wused for pilot
acquisition. In the enbodi mrent shown in FIG 4, within each finger

processor 4yd.03luB3econpl ex data sanples are provided to a rolf@f/ﬂﬁozfﬁ?%ﬁ whi ch
performs 4 APRIL 2006 WO 03/ 030391 PCT/US02/31776 11 a conplex multiply of

the data sanples with a conpl ex sinusoidal signal to generate
frequency-transl ated data sanples, D. 1 +JIDf _,a, , as foll ows:
Dr_rou(k)+ DJ_.oQ k)=ES(B"k)e/a;xr, .e |~ xr, , Eq (6) where cu; is the
frequency (i codplexsidtply off tht hiatacsamplex withrusainplek ssiugoiahl sigeal toigehénate
rotator 440. Each nultipath may be associated with a different Doppler
frequency shiffequencyrgansiaied data samples. t Rnpast 18, ran@$ oM phase rotati on of
the assigned multipath due to Doppler frequency shift and downconversi on
frequency error. The frequency, 4, of _the conplex sinusoidal signal used
wi thin rotator 440Djs,dk)egDi,npp &)of D 56, feefdnegr*Er ror, cis; Eq(6)or the
assigned multipath (i.e., ui, The frequency, iD,, my be determ ned by a
frequency control |oop 450, which is described bel ow [1048] The

L suencr 0L 55, SRR D) 5 s P ool S5y
corml o Com kSN SEMENTG Hsli Wd BRERR S SRR R 1 ©

i dentified byngeatathe0%iempts fohemode HIRCHNRE rthR6ie 65 theRSBAGPARItipAtdue to
despreads the frequency-transl ated data sanples wth the received PN

sequence to papplatdragpenryeshiftsadpdayncopi@gion fguemyosreor. t Bee frequency,adpi éfot
channel i zer 444b first decovers the despread sanBI_es w th the sane
channel i zat i dhe eeoraplex smusoidal sigagl used witimeptatos 44Ads gnlestimate efithe figquency

station, and further arc lém.” at %ﬁ th&ig'g&fgivered_pll)ot ga | es over a
_;Ij_ﬁret i _clulof[ar aca?g(?&nm"atf?o ftf‘sf'?éé t2F ] Sor &Fff% red. ?/ e'f)‘iyimcfl?ft’_s?;fwe)&z?.
| . |
t he Bi | ot chgg%g?) igoanﬁ‘%:(@ggé)? %(ﬁ%*ﬁiof h’%‘gby&h%ﬁ ’Jéxeggﬁk‘%ﬂvﬁieré Kis gn
i nteger one ¢1048Jeat The frefbencyacandkredddih Isainpky Mish Sorkar 440eare provited eol by a

pilot filter 446 to pravide pilot estimates. [1050] To recover the data on a
particul ar c&GePTeaisR 2, whieh ddsa mshEs i (B¢r amaa KN, genegielodid)sa gaplex-

despread sanpl es w the sane_.c nelization code, C, ," used for the.
P n%onjugatetﬂk sequence, C pnh ; ,%awzng a phase éij correspondyng to tLe amIva time

of the assigned multipath. This PN phase, &,, is identified by searcher 410 in the

detection process. Despreader 442 despreads the frequency-translated data samples
with the received PN sequence to provide despread samples.

[1049]1  To recover the pilot, a pilot channelizer 444b first decovers the despread
samples with the same channelization code, Cpi., used to channelize the pilot at the
base station, and further accumulates the decovered pilot samples over a particular
accumulation time interval to provide recovered pilot symbols. The pilot accumulation
time interval is typically an integer multiple of the pilot channelization code length (i.e.,
N; = 64-K, where K is an integer one or greater). The recovered pilot symbols are then
filtered by a pilot filter 446 to provide pilot estimates.

[1050]1  To recover the data on a particular code channel, a data channelizer 444a
first decovers the despread samples with the same channelization code, Cy, used for the
code channel being recovered, and further accumulates the decovered data samples over
the length of the channelization code, C, to provide data symbols. A data demodulator
448 then receives and demodulates the data symbols with the pilot estimates to generate
demodulated symbols, which are then provided to symbol combiner 452. Symbol

combiner 452 receives and coherently combines the demodulated symbols from all



code channel being recovered, and further accumul ates the decovenedndmba
sanpl es over. the | ength of the channeli zation code, C,,, to provide data
symbol s. A ¥R YU dul at or 448 then receives and denodul at BST/UR/H36a
synbols with the pilot estinmates to generate denodul ated synbols, which are
then provided to synmbol conbiner 452. Synmbpl conbiner 452 receives and
coherently conbi nes the denodul ated synbols fromall 4 APRIL 2006 WO

03/ 030391 12 &
Fecei vod si griaEr JrpeLsols df bl B GRAE Mreodioed Sl Sd R EaNelrdy
for further pyntessioRX dﬂmapdmesaodéﬁﬁ)cﬂmrl fatthempratghsingy rMite dawdhnmmmmiaandbe

achi eved as described.in U S Pate Nos. 5, 764, 687 _.and_. 5, 490, 165, which are
i ncor por at ed Y8 FORPINRE dnay, b ac E\’.’%‘lfs descrihed dndo i Patent Nesoww 64087 ad 4,

frequency cond j éﬁndijtraélﬁ 1&0?;?6}%&3%9&&@1%2&& ol nger processor 412 and is

used to acquire & t he equency o mul ti path assigned to the

finger procesid051] Thén theegnleniimentrshowniin RiGe4 nfiiduenay borltiol doop 430He pRapdeder
frequency plus the downconversi on frequency error) is reflected in the

phase rotati offt @chifmeepiprenessoi4ld apd r psed @r%ﬁgﬁtﬁdéF%rméJqu@%Wn@lﬁ #8 to
a higher rat %uﬂlgyatﬂhﬁgxgnéﬂ@fﬂe%égf ?Fcf&'é?é&? s ?g%éq%l‘f?ép?%ﬁﬁg%% | 0@3 pi?r"

I ncl udes a frequency tector

provi des est ithatBeppidr meﬁcyetphsnthy dﬁwm:bnveﬁlon freqnéndyharasas géﬂﬁil:tdaiuirt theat h,
whi ch may be det erm ped otg on the phase difference between consecutive
pi l ot symbol a%@tﬁltwpof Ftpé'Pt tfEna iqrg%refr%@w PFIBTTEROISInEdP 2 ighqriatees

to provide a g g0 tldhonf’feﬂﬁ%lcgﬁon fﬁ)lap' gﬂl'c&l‘?)t intfudet a tf&@g% dBd et

frequency error e assi I't1 path. receiv

f requency cormdod loopl ﬁueﬁdl‘hqudehq ﬂéteauepl@yldei edtirfateOofthe frequchus eirog | Af,,
signal by the indicated anbunt but in the opposite direction-to reduce the
frequency er rafr the aassighdrt npiitipath,r whizghi may befdetdérminedl base atnh theFphmeg difforence

t racki ng ba_sg%ltonthe i | ot nbol s | q, rlbﬁﬁlnfuhher dtall in US
Patent Appl | dHVER SEPHIVRIGE AVBplsey ThBd Bliesdhe Teeqpeoy cgor
" METHOD AND ARRARREUS g@ﬁe‘f% e BREMENE YwhRAG! Nﬁxcaﬁ%@ﬁ@ th Js’h}ﬁ%@%' TY

TRANSM TTED PI LOTS I N | CATI ON"8YSTEM ™ filed Sept enber
2001, assi gndtequentyherrersioi theaassighed mhblppﬁhesléotatoaﬁﬁolrcemveerthafrdquemcympmdt ed

G RIC A R WET N R N A VT e Y
pi l ot acqui sijhiRe oppose’diRCHBH td!fddd6e e frequency error (and the phase rotatlon) of the
multipath. Frequency tracking based on the pilot symbols is described in further detail
in U.S. Patent Application Serial No. [Attorney Docket No. PD010469], entitled
“METHOD AND APPARATUS FOR PERFORMING FREQUENCY TRACKING
BASED ON DIVERSITY TRANSMITTED PILOTS IN A CDMA
COMMUNICATION SYSTEM,” filed September 10, 2001, assigned to the assignee of

the present application and incorporated herein by reference.

{1052) Aspects of the invention provide techniques to acquire pilots over code space
and/or frequency errors. In one aspect, the pilot acquisition is performed using a
number of substages, and some of the substages are pipelined and performed in parallel
using different processing elements to shorten the acquisition time. Various pilot
acquisition schemes are also provided to acquire pilots using muitiple (e.g., two) stages.
Each stage of a multi-stage scheme may employ a different set of parameter values to
improve the likelihood of pilot acquisition for different operating conditions. The
multi-stage schemes may advantageously incorporate pipelining and parallel processing

to reduce acquisition time.



nunber of substages, and some of the substages are pipelined ang ,pgff apsed
in parallel using different processing elenents to shorten the ach|S|t|on
time. Various pilot acquisition schenes are also provided to acquire pilots
usi ng nmul t ipba3/fm3g , two) stages. Each stage of a nulti-st f6A may
enploy a different set of paraneter values to inprove the |ikelihood of
pilot acquisition for different operating conditions. The nulti-stage
schemes may advant ageously incorporate pip2lining and parallel processing

to reduce acquisition time. 4 APRIL 2006 WD 03/030391 13 PCT/ US02/ 31776
[1053] | n anbk043} adpesother pspetiiithe fullmgegeos! msbld)ﬂr@]wnqqmm;fmemp@nbtﬁler

the pilots i Ivided in nunber ,of f bi ns

acqui sition %ﬁ% njoa P‘H’éﬁefﬁ&"q“?‘%ﬁa} u‘ét"ﬂ"lf %FP&%%‘HW%W ’S% ngﬁg or
nmore stages Waﬁlﬁt@ﬂﬁdfréq%n@}a&'ﬂs bdn'il on-Ehﬁ méie |stdges hAgHeSERaTEr SRY bin. The

I ncorporate the pipelining and parallel processing such that the searcher

may per f or m mudieaiaghsehsmetmay insrrposae thefpipelining amd parellel procehsing sahchatthe
while the fin oces ors att C Slt on, of. hecrrent set o eaks
found for th& ag%ﬂﬂfg’r??’ SRR &E’hﬂ‘e\?g# %?ﬁg Begks dp the, P@m%ﬁ"d t he
i nvention ar geGRper pro@eksbR attethipt B&fuisEdPbi thd Shredkt s&t]&%llké ffouﬁdl‘&)rttﬁé’ éﬂrft%'t s

not aware of its location and/or systemtine (e.g., for the initial

acqui sition &ﬁqmrb:mn)vmmmsaecftmland sadodiménss of Hbe finventien rapgy desseibied dén be
per f or med ovFr th teg%}% 1.8 PN code space. Various schenes nmay be used for the
full search g??l "'n one schene, a sequential search is perforned

over the ent[1084Foddf tsdreMinabld ndiekese bP HE focabiBN @nd/oP 8ydiérf Uink (@Qeftﬁyme
threshol d are provided as detected eaks, and ac&w sition may then be

attenpted oninifiRlsicquisition at pewaken), |themmofille searel Hemshe Piletsemay reeedo@ebe pace

ot Tor ) af aebHorRe B OREL B LRSS ER® B IREY LRSI 2

schene, the satdyfor pilde. dJpane sbﬁerﬁa/\ameqﬁ&ﬂnah@aacmt;ﬁﬁbnﬁed sV fthe entietcodé
peaks found durln t he detection SBql'B is re-evaluated during a dwell step
to find candsRigecalp@gks found abgue @i rarticyar energy dhreshold g QEPVéﬁ?dt edetected

candi dat e pe?éé%g, ﬁmd‘ﬂ@%lg&uf?ﬂ 4 R{)ﬂa& n?fsfé}noqt&? AR TRY eEtQHSPles U Gnofhet

clarity, var aspec and e |nven I on ‘are déscribed fo
the third scirhemenihereitye tode spaté isesmmduﬁpgaeieta:usmap amdl acquhéstither sothaeaks
are re-eval uz?ttte?r(lj tttac(I) o];I :? (éictt ohfelz:é2 6}329 | gﬁ}sefounc? léiﬁm? 4 tl\‘:\é1 Idgtgct?gnq gltleSI tIlnonf:t Ia?lo}h?:l? "
at t enpt ed. p gest p g P y
scheme, the entire code space is swept during a detection step, a set of peaks found
during the detection step is re-evaluated during a dwell step to find candidate peaks, and
acquisition is then attempted on these candidate peaks. A number of pilot search
schemes may thus be used. For clarity, various aspects and embodiments of the
invention are described for the third scheme whereby the entire code space is swept and
detected peaks are re-evaluated to find the candidate peaks on which acquisition is then
attempted.
[1055] FIG. 5 is a flow diagram of an embodiment of a stage 500 that may be used
to search for and acquire pilots in a designated code space. Stage 500 includes three
substages - detect, dwell, and pull-in substages. The detect and dwell substages perform
a search for peaks over the designated code space, and the pull-in substage performs
acquisition of candidate peaks over frequency errors.
[1656] For the detect substage, the entire code space to be searched is initially
divided into a number of non-overlapping code segments, at step 512. The number of
code segments and the size of each code segment may be selected based on the specific
design of the searcher. As an example for a full search in IS-95 and ¢dma2000, the

entire code space of 32,768 PN chips may be divided into four code segments, with



[1055] FIG 5 is a flow diagram of an enbodi nent of a stage 5004 hbRil. 7¥py be
used to search for and acquire pilots in a designated code space. Stage 500
i ncl udes t hW8&30335t ages - detect, dwell, and pull-in substB(FéesozBneedet ect
and dwel | substages perform a search for peaks over the designated code
space, and the pull-in substage perforns 1.;w‘cqui sition of candi date peaks
over frequency errors. [1056] For the detéect substage, the entire code space

to be searched,is jniti ) b Vi At 0. a .nu r _qQf .mon-overl.appi n ode
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provi ded for seaféntgode segnent, and a set of Maet ‘= 60 detected peaks is
provi ded by the detect substage for the four code segnents. [1057] For the
dwel | subst adt0573 seBerctiei dwelbsplstaged aseanchds perfaoned omeren avindaw cenletedodt t he

det ected pea t i ] wrd necl udes .a spmal | er nunher o
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typi cal |y t h&umbeyekthe, samdidate peaks om all |seatshesc e stepyS32h aredihen (selsoisd tange.
The nunber o ' k ' I
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(i.e., Miw =allgearchéd by ulgh dwellsubstagee Wihe ainrbefl af eapdidite praks plosidedeby the
provi ded by the dwell substage (e.g., dependigg on the desired probability
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: provided by the dwell substage (e.g., depending on the desired probability of detection).
In a specific embodiment, a set of My, = 8 candidate peaks is provided by the dwell
substage for the designated code space.
{1058]  For the pull-in substage, a finger processor is initially assigned to each
candidate peak provided by the dwell substage, and each finger processor then attempts
to acquire and Jock to the frequency and timing of the assigned peak, at step 532. The
frequency pull-in may be achieved by the frequency control loop included in the finger
processor {and acquisition of the multipath timing may be achieved by a time control
loop that may also be included in the finger processor but is not shown in FIG. 4 for
simplicity). If a lock to at least one candidate peak is achieved, as determined in step
534 and described below, then a successful pilot acquisition is declared, at step 536.
Otherwise, an acquisition failure is declared at step 538 and other actions may be
performed. In either case, the stage terminates.
[1059] FIG. 5 shows a basic stage that may be used to form numerous pilot,
acquisition schemes, some of which are described below.
{10601  The detect and dwell substages are used to provide improved probability of

pilot detection over the designated code space. The detect substage may provide a



candi date peak provided by the dwell substage, and each finger Pépﬁﬁ‘%&r
then attenpts to acquire and lock to the frequency and timng of the
‘assi gned peak, at step 532. The frequency pull-in nay be achi eved by the

frequency eambiedoszdioop i ncluded in the finger processor (a'il@TﬁFs‘ﬂ%ﬁ%i on of
the nultipath timng nmay be achieved by a tinme control [|oop that may al so

be included in the finger processor but is_not shown in FIG 4 for
sinplicity). If alock to at |east one cahdi dat e peak is achieved, as
determned in step._ 534 and described bel qw, then a successful pilot
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frequency error (in units of ppm in the PCS band). The plots in FIG. 9 were obtained
for two sets of parameter values and a received signal quality of Ee/l, = -14 dB. Plot
912 shows the probability of pilot detection with N = 128 and Ny = 4, plot 914 shows |
the probability of pilot detection with N¢; = 64 and Ny.2 = 8, and plot 916 shows the
overall probability of pilot detection for a two-stage scheme that employs the above two
sets of parameter values. These are simulated results and actual performance will likely
differ.

[1063]} As shown by the plots, different sets of parameter values may be more suited
for different operating conditions. For example, the parameter value set of N = 128 and
Ny = 4 has higher sensitivity (i.e., can detect pilots with low Ep/I;) and provides
improved probability of detection for small frequency errors. Conversely, the parameter
value set of N; = 64 and N, = 8 has reduced sensitivity but provides improved
probability of detection for larger frequency errors.

[1064]  Other schemes to search for pilots over the designated code sﬁace may also
be implemented, and this is within the scope of the invention. For example, a single
detect substage may be used (i.e., no dwell substage) and the re-evaluation of each

detected peak may be omitted or performed immediately after detection (e.g., based on a



for two sets of paraneter values and a received signal quality afapkiL 3ded =
-14 dB. Plof,. 912 shows the probability of pilot detection with N.3 = 128 _
and No., = ¥YOUWW39814 shows the probability of pilot detecP§HHS®WIATONC2 =
64 and Nn~2 = 8, and plot 916 shows the overall probability of pilot
detection for a two-stage schene that enpl gys the above two sets of
paraneter val ues, These are sinulated results and actual performance wl|
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frequency errg@nefaAngs wimberifrdgueidr bink mgayesk fothed, and the bins may or may not
overlap.
[1667]  Partitioning the total frequency error range into bins and performing pilot
acquisition for each bin can shorten the overall acquisition time. In an embodiment, the
frequency bins may be searched in a particular order based on the likelihood of finding
the pilots in the bins. For example, the bins centered near zero frequency error may be
searched first, and the bins further away from zero frequency error may be searched
later. The pilot acquisition may be terminated early upon finding pilots in the more
likely bins. Additionally, acquisition of pilots may also be achieved more quickly for
smaller frequency bins. In particuiar, the time required for the frequency control loop to
pull-in a particular frequency error is typically more than a linear function of the
frequency error, and the time required to pull-in a frequency error of 2.5 ppm may be
less than half of the time required to pull-in a frequency error of 5 ppm. Some main
reasons for binning the frequency errors include (1) reduced searcher visibility with
increasing frequency error (as shown in FIG. 9) and (2) inability of the AFC to

accurately measure frequency errors beyond its pull-in range.



three bins, with bin 1 covering -2.5 to +2.5 ppm of frequency er‘rA%_ng(}akn 2
covering O to 5 ppmof frequency errors, and bin 3 covering -5 to ppm of
frequency errors. In general, any nunber of frequency bins may be forned,

and the bi nyo3mnr may not overlap. [1067] Partitioning thgctaidlsire
frequency error range into bins and performng pilot acquisition for each
bin can shorten the overall acquisition tinme. In an enbodi nent, the _
frequency bins nmay be searched in a partiddl ar order based on the Iikelihood
of finding the pilots in the bins. For exanple, the bins centered near zero
frequency er [H68jay BY:. Tsidlusicitesia fwo-stage pilat acquisilionscheme mith cavigyerdmioationer o
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buf fer (e.g. thexigtected peajks This gy h«; aghieveddy prstorping a se@rqhora‘créa syiallwindow
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desi gnat ed ceghectsap pEdvidas Ak 6E(eat. | MG, Lmecﬁﬁﬁ@tépeme@puutﬂn PN sequences at
vari ous phases. Fromthe detect substage t he searcher provides a set of
(e.g., Mla =[HFP] delncenecspepifisranborifaensofor dhefirst stage.Jbe parametar valuesdor the

substage and ez eNBLHAL &% RAEN287 N, = 4, and W = 8192, where W is the search window
size (in number of PN chips), and the parameter values for the dwell substage are N, =
128, Npc = 4, and Wg = 5. As shown in FIG. 9, the parameter values of N, = 128 and
Npe = 4 provide improved probability of pilot detection for small frequency errors,
which may be the more likely scenario. The parameter values for the detect substage
may also be selected to be different from those for the dwell substage. Other parameter
values may also be used for the detect and dwell substages, and this is within the scope
of the invention.
[1071] At time T, the dwell substage for the first stage is completed, and each of
the candidate peaks from this substage is assigned to, and processed by, a respective
finger processor. In an embodiment, the pull-in substage is performed for a particular
time interval, Tpuli-in, and a timer is reset to this value at the start of the pull-in substage.
The pull-in time interval, Tpuin, is common to all finger processors, and may be
selected based on various considerations, as described below. A received signal
strength indicator (RSSI) is used to measure the signal strength (or energy) of the pilot
recovered by each finger processor, and is also reset to a particular value (e.g., -30 dB)

at the start of the pull-in substage. The RSSI may be implemented in each finger



the detected peaks. This may be achi eved by perform ng a search over a snall
wi ndow (e.g., of 5 PN chips) centered on each detected peak. F#arrilmosiwel |
subst age, t{p ¢3psAbEher provides a set of (e.g., Miw = 8) cagndjdalg, pgaks
for pull-in. [1070] In one specific enbodinent, for the first stage, the
paranmeter values for the detect substage are N. = 128, Na, = 4, and W =
8192, where W is the search window size (8 n nunber of PN chips), and the
paranmeter values for the dwell substage are Nc _ 128, Noy = 4, and W = 5.
As shown in FirGrestor (nbeshparmieFlE. 4) aruaenativily, thelgfbot 2nekgy Nonputhtioh anaybe

| nproved probability of pilot detection for snall frequenc¥ errors, which
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decl ared. |f jh#igat®RShf @ithexUh Successful or a failed pilot acquisition. If a successful pilot
]

acquisition is declared, then the two-stage pilot acquisition scheme terminates, and the

terminal may thereafter (e.g., sequentially) perform acquisition (e.g., of the Sync and
Paging channels) of one or more base stations (e.g., the best base station, all acquired
base stations, or a subset of the acquired base stations) to recejve and/or exchange data
with the base station(s). Otherwise, if a failed pilot acquisition is declared, then the
pilot acquisition process continues.

[1074] In an aspect and as shown in FIG. 7, to reduce the time to acquire the pilots,
the detect and dwell substages for the next stage is performed in parallel and in a
pipelined manner along with the pull-in substage for the current stage. The detect and
dwell substages may be performed by the searcher, and the candidate peaks for a given
dwell substage may be assigned to the finger processors for pull-in. The use of multiple
finger processors to concurrently perform puli-in of multiple peaks is supported by the
individual frequency control loop within each finger processor, and reduces the time

required to perform the pull-in substage. Parallel operation of the detect and dwell



for all assigned finger processors remain bel ow the energy threshekfl, fhgt he
end of the pull-intime interval, then a failed pilot acquisition is
declared. Arid if the RSSI outputs for multiple finger processors exceed
t he ener gy woweeinedd, then successful pilot acquisition mpdigushesiased on
either (1) the finger processor with the highest RSSI output or (2)
mul tiple finger processors with RSSI outputs exceedi ng the energy
threshold. [1073] At time T4, the pull-in Kubstage for the first stage
~terminates with an indication of either a successful or a failed pilot
acqui si ti on. substages bydhs sdanthepiahdthe pudlgini sbstagmby thedmgenpmdessotsalsa shertens
t wo- st age pil ot .a% uisition scheme termnates, and the term nal may
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finger procedi¥rstagen Howevearnihernasapetak valpasonay o baersed fiitke defectandidwell
first stage, sPﬂsgagggyef}n%%is%?vitﬂﬁ%gf?%ﬁ%zoffﬁl,%ﬁlfwéﬂont- he second stage are

per formed by garcher.” I'n € detect substage for the

second st age [pgp7]be Aetibw TE ehodwtldsulsstape fobthekcaid Agdenis Tomplatad. UBSILiA By
the dwel|l substage for the first stagﬁ.@[ 1076] In one specific enbodi nent,
Bi€t

t he par amet ethepaperosmed onigaeh gkthscgan negks provided bydbe 8wall subsjagea plarting
64, N, =8, a?ﬂgxe\%, zfnc?ﬁigg ’be%@pfomgd Hlasrix%mitt ﬁ%nrYe?‘lah'%t ]::lggcritoggfor the first stage.

At time T, the pull-in substage for the second stage terminates with an indication of

either a successful or a failed pilot acquisition. If a successful pilot acquisition is
declared, then the terminal may thereafter perform system acquisition (e.g., of the Sync
and Paging channels) of one or more base stations to receive and/or exchange data with
the base station(s). Otherwise, other actions may be performed.

[1078] As noted above, each stage may be designed to tradeoff between various
factors such as probability of detection, speed of searching, maximum frequency error
that may be acquired, and so on. The two-stage scheme described above with two
different sets of parameter values provides (relatively) high probability of pilot
detection for a smaller range of frequency errors (e.g., a range of + 2.5 ppm, as show in
FIG. 9).

[1079] For simplicity, FIG. 7 shows a two-stage scheme. In general, any number of
stages may be implemented, and the stages may be designed and pipelined in any
manner to provide the desired performance. Each stage may be associated with a

respective set of parameter values for the detect and dwell substages.



dwel | substage of the second stage are N. = 64, N,, = 8, and W4 zxpRiL %66
showmn in FIG 9, these paraneter val ues provide inproved probability of
pil af def ecOW®PH1 | arger frequency errors, which may be tHMelR§RS1TIokel v
scenario since acquisition failed for the first stage. However, other
parameter values nmay al so be used for the tect and dwell substages, and
this is within the scope of the invention. [1077] At time T5, the dwell

subst age for ec j t | =L D] ]

cach of the oot fiac af Saab0as, &8 eRABICH!or ribh by b DurhuBe RS o A BF
time T6, and frequeney pimsf Qheepdiot acqisitidramayainsictie pafdrhet foecehifleqdedoyrbis e
first stage. At time T7, the pull-in_substage for the_second stage

term nates wi PIOViS iMpenved resyits &or larges frequency. gre@sassdpscriieddeloy.| ed pi | ot

acqul si L1 on. sy SUGRESSE Bl 2GS OydiS acdlBBHAT Gnehbi by Alieple
term nal may ereafter perform system acqfi sftion (e.g., 0 e Sync ‘and
Pagi ng channefrsquenty dsigs candnovich eade tetrainatiors dponr eseeksstulapiléo neqrsitiang en

data with the base station(s). OQtherw se, other actions rmay be perforned.

[1078] As not ¥§oulaBceWith Mathst smbodimenhafl tednysmsign; Jhemutstageseheipe phown
various factqr bR di . | fr.: '

maxi mum f requ@n@ﬁ (La’éf: E}gjs’sbfﬁat mgyp 1‘5% ag .agi:apgg& gﬁﬁe Z%ﬁg%ﬁmgf?ﬁ m}galé?lga ebe
schene descr i fopsledboshown intFIGMWG. di fferent sets of paraneter val ues provides

(relatively) hi gh prqQbabjlity of pilot detection for a snaller range of
frequency erridP82l e. §mrlaay,r%tﬁgae 7. the ssarphan prepareh, i proRess i1 by appiyiipgdhe For
sinmplicity, FE 7 - fit fFea20' r aﬁ%_ e

st ages nmay bel!"i@ﬁ%ﬁ féﬁ%ﬁ?@%@%@’ ?ﬂ&ewgttszrg{e%s m%? %‘8%@%%‘%?3 an&%%@ﬁ?eﬁed ta} n
any manner tsanpleyviate dehteretksitr epprpeinfatelraDEE . (1.Eactorerede foradobacanseidrat ed

with a respegtive set of parageter values for _the_detect and’ dwel

Subst ages. 4 FERETCH08Y WeF 08f Svslt Terqupney; el 3#?@%%@0?@ e Rt
the frequencyddéd Qlibstareder BRY 1 %epéfgtit Sdafodied fbipitots oVMHRE Hefibnatdd EstieREYe
bins. The pilot acquisition may then be pertorned for each tfrequency bin to

provi de i npr carslproesies asef off (el g Mas =f 6B qletnted makor The asarches aeitopmifanek dhe
1081] FIG 8,il trat ti- ' .

mul t1 Pl 61 r SR EPlsRR TSP e LAt BEP A R S DRI Aot BRSNS e of

acqui sition, {ely MGS Qrs;asaﬁ@idmétﬂéaﬁégf& 'ﬂ;;ﬁ/n—iﬁ’.”@:? dheBpicifRf erhb&UimeNE el PRamdibe

mul ti-stage schene shown in Fl may be used for pilot acquisition for
t hr ee frequencaludsi ofsNec whil2® amdyNhe= 4 are used for both the detect and dwell substages,

although other parameter values may also be used and are within the scope of the
invention.

[1083] At time T,, the dwell substage for bin 1 is completed, and each of the
candidate peaks from this substage is assigned to, and processed by, a respective finger
processor. Each finger processor prepares to process bin 1 by applying the proper
frequency control, F;, to its rotator 440 such that the frequency-translated data samples
are centered at approximately DC. Each finger processor then performs the pull-in
substage for the pull-in time interval, Tpunia, and its frequency control loop attempts to -
acquire and lock to the frequency of the assigned peak, starting at time T3. The RSSI
for each finger processor is also reset to a particular value (e.g., -30 dB) at the start of
the pull-in substage and is used to measure the signal strength (or energy) of the pilot.
At time T,, the pull-in substage for bin 1 terminates with an indication of either a
successful or a failed pilot acquisition by each finger processor. I successful pilot
acquisition is declared by at least one finger processor, then the multi-stage scheme
terminates, and the terminal may thereafter perform acquisition (e.g., of the Sync and

Paging channels) of one or more base stations to receive and/or exchange data with the’



formed as shown in FIG 6. [1082] Initially, at time Tl, the seqaneRer o
prepares to process bin | by applying the proper frequency control, IF,, to
its rotator 420 such that the frequency-translated data sanples are
centered atwepmpnsiyrately DC (i.e., corrected for domnconver]sdﬁﬂsozp_{]?ﬂuency
error but not Doppler frequency shifts). The searcher then perforns the

det ect substage for bin 1 whereby it searches for pilots over the designated
code space and provides a set of (e.g., Rle, = 60) detected peaks. The
searcher next performs the dwell substage whereby it re-eval uates each of

t he det ect edbpreakatioals). SMarivikesif{aidast pilot acquisitjon isvbalareddyy dhfidgetgrecesamks

for pull-in. In one.specific enbodi nent, the paranmeter values of Ne = 128
and Noe = 4 mcétﬁ%g%o%ﬂmﬁlgf’ﬂc?ﬂtémﬁé‘t ect and dwel| substages, although

ot her paranmefgygdyal USaBped! MA RInEIAGAn F1G. B! the'etdlt And H@eﬁ%ﬁpﬁar%g foithe
invention. [1083] At tinme T2, the dwell substage for bin 1 is conpleted, and

each of the nextratigédior bpe2lis pérfamedhinspasalled andén 2 pipsdimed meahnenalopgavith the

d by, a. tive fi . fi
P o oneas L% GRS 97 hip [oSorm BL GRS et B8 kAT R RSB S LR
rotator 440 suedhel BAd tHe Rl nCRBSAEY bY Rl get Bebcdfofs &?H}i’fe?&tlféﬁﬁcrﬁ:?rﬂiﬁsrr%d at

approxi mately DC. Each finger processor then perforns the pull-in “substage
for the pul | suppottedbyi the dndistidualTtatoisoyitlindhe tsearther candrfoygec poocesdord. odpus,

tt ts t ' d.l . . of .t | . d Kk
Start ng at FRiE sopmaely bie Tooubie Maalinpebee 35 b Kb Bioet by,
particul ar vgeUfinde® fdocessord, ®B)detict bh@ dWel $ubSfaged 11} KD adeMpeitRmba®sy MBd 1

used to nmeasure the signal strength (or energy) of the pilot. At tifme T4,
the pull-in sepeieage for bin 1 terminates with an indication of either a

successful o ailgd pilqt acquisition by .ea finger processor,. |f
Succesetul oPes! L cfi Hardher M oL iR, A2 Pl APSinE R BB fettensyor
then the nul tomlA0E &C NS MWtatéreadd NatL Thatdité frbqueney-idaishtcdBdatd REMPRE &6
perform acquisition (e.g of the Sync and Paging channel s) of one or nore

base st ati onfrequencpdransiatedni@/ apprexistaaly chelaeateri afhbinhd (¢-gAPRRS ppD6foncihe
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acqui sition omefebpueseartHedSibt pilotsadver IRE desighdled Sodd gprtel dhdFprovidds at f2€ of
detect and dwel| substages for the next stage for bin 2 is gefforrred in
paral | el anddetectad peaks| i Fecsepigheraiexs pereymy tha dwell substage whereby it re-evaluates

each detected peak and provides a set of candidate peaks for pull-in. In one specific
embodiment, the same set of parameter values of N, = 128 and N, = 4 is used for the
detect and dwell substages for all bins, although other parameter values may also be
used and are within the scope of the invention.

[1086] At time Ts, the dwell substage for bin 2 is completed. Pull-in is then
performed on each of the candidate peaks from the dwell substage, starting at time Tsg,
and may be performed in similar manner as that described above for bin 1. However,
each finger processor prepares to process bin 2 by applying the proper frequency
control, F;, to its rotator 440 such that the frequency-transiated data samples are
frequency-transiated to approximately the center of bin 2 (é.g., 2.5 ppm). At time T,
the pull-in substage for bin 2 terminates with an indication of either a successful or a
failed pilot acquisition by each finger processor. If successful pilot acquisition is
declared by at least one finger processor, then the multi-stage scheme terminates, and
the terminal may thereafter perform acquisition (e.g., of the Sync and Paging channels)
of one or more base stations. Otherwise, if failed pilot acquisition is declared by all

finger processors, then the pilot acquisition continues.



pull -in substage for bin 1. Parallel operation of the detect ands@ghboe
subst ages earcher and the pull-in substage by the finger processors
on differeﬁ¥o%3§ﬂ3%ncy bins is supported by the individual PCHEOYBEY 0 t hin
the searcher and finger processors. Thus, starting at approximately tine
T3, while the pull-in substage for bin 1 i performed by the finger
processors, the detect and dwell substages for bin 2 are perforned by the
searcher. [ 1Q§5g7) TherpeateteindPivAfsfiRtdels ?Jrqs@%xtbétsbe%gmiﬁsﬂé PEASmiEin
proper frequency control, F5, to Its rotator 420 such that the

frequency-t r pasillal sdl oot pipslingl menzarelony wih drcpull-masbsage dort bin 2p pracigat el y

th t f bin. 2 0., 12 th I h in.FIG, 6). Th
Sear cher -t herPBERTEAHY e Tho (e BESHRGBIER D TPIFSS STA D ARPINRE DEiTeRde
for pilots ovgbuifs d8&bY mtteqts%&%oﬁws%f;ﬁmt @ﬁ@ﬁe@%cﬁtﬁﬁéxa@a daﬁ%ﬁfﬁe@d

peaks. The searchei next pérforns the dwe substage whereby 1t re-eval uates
each det ect edrgpfagueany-tpnsiatedete apps@timetelyc thedéasareofplinkds (d.g0 -6l ppm dor the one

specific enbodinent, the S of ranpeter values of N, = 128 and No, =
2"Ts used 1 ofXEREe Harach BN Ghadie SBEFLUER PPUPIES Meciiest SUPTABSuIG iR Aot
paramet er valyReHyaY sghreRefor _?ﬁﬁdo@&ﬁh@r&sfg‘{ﬁéﬂ rboHQ%gﬁt‘éoﬂ'ﬁl fovodlﬁ’ a set of

I nvention. [1086] At tinme T5, the dwe substage for bin 2 1S conpleted.

Pul I -in is tldewrcteppedlor: ke smarchachexsfpetfhans thedivebdl substegk wherebmit feee vdlvatds
substage, starti t, ti 6, .and may. be rfor in.simlar manner as
that descri bgﬂdh‘geg‘?f: eq‘%aﬂeﬁﬁ"ﬁpi‘m&ﬁ\ﬁeﬁ?&gfcanggjgﬁRqagg&rpﬁp‘d’&essor prepares to
process bin 21488)appAyitigte tIE i ANEN subSFAE P& binC Nk @mpldted. (Buli-inSid fleat OF
440 such that the frequency-transl ated data sanples are

f requency- t r adbmameson eachpel the icandidaty peaks framttke dwell ishipstaze( staging a2 tEng ) .

At time T7, _the pull-in substage .for _bin 2 termnates w.ih an.indication of
either a suc@ggsﬁl%l {J%rpe&orrfx%cf I"éémblhrorfla%&&isslﬁ?tr%q’?c %deél%’r’(efﬁﬁé’éqs Lra&d,egsor.
| f successf ulHdwdver, «ueHUisderifbcdsSor plephras a8 précadt Bif B byOdpl§infARE proper

processor, then the nulti-stage schene term nates, and the term nal may
thereaf t er pdtenaensy £ontpk iF.i toAts(retatpr 449fsuch ghatihecfregnencatyensiated detasreplesof

one or nore ) L on herw se., if.. fai pig ui sitjon i .

decl ared by g% Eecﬁxfeﬁtté%—?ra%s}lgt?&egg%r??%aéﬂyttﬁee&gm? Ioctf bﬁ%a %glt-?'gr# Pé@ht‘fitnﬂglg .4
APRIL 2006 W, 3R BhlsudstaPETorlbin 3/1edninbtes $4i8 ah indieatthet efcithens sgboesdsiiul or
substages for the next stage for bin 3 is perforned in parallel and in a

pi pel i ned na@daitednilongeqyisifon By egsl fingeR pEgesPige for bin 2, starting at
[1089] - If successful pilot acquisition is declared by at least one finger processor,

then the multi-stage pilot acquisition scheme terminates and the terminal may thereafter
perform system acquisition (e.g., of the Sync and Paging channels) of one or more base
stations. Otherwise, if failed pilot acquisition is declared by all finger processors, then
other actions may be performed.

[1090] FIG. 8 shows an example three-stage pilot acquisition scheme for three
frequency bins. In general, any number of stages may be implemented for any number
of bins. For example, a two-stage scheme may be implemented for two frequency bins
2 and 3. Moreover, multiple stages with different parameter values may be used for
each frequency bin. For example, the two-stage scheme in FIG. 7 may be combined
with the three-stage scheme in FIG. 8 such that two stages with two different sets of
parameter values are performed for each frequency bin. The two stages for each bin
may be performed sequentially before moving on to the next bin (e.g., stages 1 and 2 for
bin 1, then stages 3 and 4 for bin 2, then stages 5 and 6 for bin 3), or may be interlaced
(e.g., stages 1, 2, and 3 for bins 1, 2, and 3, then stages 4, 5, and 6 for bins 1, 2, and 3) to

improve the average acquisition time across frequency bins.



approximately time T6. The searcher prepares to process bin 3 by applying
the proper frequency control, Fs, to its rotator 420 such that4 A¥ML 2006
frequency-transl ated data sanples are frequency-translated to approxi mately
the center of bin 3 (e.g., -2.5 ppmfor the exanple shown in FIG 6). The
sear cher tWwenmsndorns the detect substage for bin 3 wherebyr/ubogaarsches
for pilots over the designated code space and provides a set of detected
peaks. The searcher next perforns the dvveéé subst age whereby it re-eval uates
each detected peak and provides a set of ndi date peaks for pull-in. [1088]

At time T8, | bst age. for bin 3 i leted. Pyll-in is th
per f ijgerred oni@éﬂmﬁfﬁ}e}igﬁ%ﬁa%gﬁﬁﬁoé iﬁi‘gﬁ?g Ill‘l?s)bﬁtgg%ge 5 npd ?Jﬂgét&bg‘,se ?{P%?tﬁlng
at time T9, opégtinByordeidRl Fok BREmpR, & Felrlstdpe AR Ay beltitighesd Githtpe figove

for bins 1 and 2. ~However, each finger processor f)repares to process bin 3
by appl yi ng twe siggepbsing fimpltpmeanesd goshioval in EIG. 1,dollowed by dhesecond anddhirdhat

appr o nat o) SERHaRRRRIB FIGT 85 THE TR EStaee S Uyt sBHRE Ty etip e it kel
pul I -in subspaatin®Eordiflond éfetfin@adiRes Wel,Migh B Jd) 68d bRl FeqBbddyedrrdts, the

successful or  a failed pilot acquisition by each)fi_nger rocessor. [1089]
| f successf ukeqond stagesrpyi s vsedrfor shedmaxtt amast] liksly apetating iconditions efyweak pilots

processor, hen t | ti,- st il ot acquisit,an sche term nates and the
Perm nal - iy rimapbofee B Pl firdisoPl sy ard e s 6 “Thecs 5740 b 884,
Pagi ng channgdrahe féxt dRt RkelyBpEralias SonditicHs sTWeak pHBRMNE $fge Freqieaty 8foRl | Ot
acquisition is declared by all finger processors, then ofher actions nay be

performed. [ 193] Fi4s neted hboxe, aponsaeqsbduk saquisitimaefeat Jeasb pne cepdidate peak,

schene for three frequ bjns,. l.n,general ., .any, nunber of stages be

i mpl ement ed Sr a&%‘ilmnur&%g‘?é) o) ebft%cfa]%o?ragg%\drrpl?ye,m%‘r t \IA%P %@‘5& eg%ﬁeéq‘rer@%%g_ be
i npl ement ed pRJcedsoRs) I SN Q¥ qlsifidn rdayeihdredftery Surfcrined routdach o€ ofié dg@foryd t h
di fferent parameter values may be used for each frequency bin. For exanple,

t he two- st agacained peaksy Whereay theiniid acanisitivads parfermadhlo aoguise tha eevenskene
in FIG 8 su - ' i
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perfornmed seqeredii i c@dé ychaghiels €eVERE: and/op Ragmgneidnnbish 16 eregover Sdatg @ad/br and
2 for bin 1, then stages,3 and 4 for bin 2, then stages 5 and 6 for bin 3),
or may be i ninspiagesiat may fe dirggtedithe tarmipal. 5ng 3 for bins 1, 2, and 3, then
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the best RSSI output that exceeds the lock threshold at the end of the pull-in time
interval. In another embodiment, the system acquisition is performed for multiple peaks
that exceed the lock threshold at the end of the pull-in time interval. For this

- embodiment, multiple peaks from multiple base stations may be combined (if “soft
handoff” is used and data is redundantly transmitted from multiple base stations) to
obtain improved performance, or multiple peaks from a single base station may be
combined (if “softer handoff” is used and data is not transmitted from multiple base
stations, as for the paging channel in IS-95 and ¢dma2000.

[1094]  Certain acquisition information may be retained (temporarily stored) for the
écquired peaks not selected for system acquisition. Such information may include, for
example, the PN phase, frequency error, RSSI output, and so on, for the peak. This
acquisition information may be recalled later and used for various functions such as, for

example, as an aid in quick hand-off after system acquisition.

Search Parameters
[1095]  For clarity, a specific design for the detect, dwell, and pull-in substages is

described below. In general, the pilot acquisition schemes may be implemented to



PCT/ US02/ 31776 [1091] The pilot acquisition schene may al so be fger@ress t o
mat ch t he oy Operating conditions. For exanple, a foyx. hene
may be desf\gﬁg)gh\;ﬁﬁt)h the first two stages being inplenent egicgzﬁ@gg\l/\nﬁ’%i n
FIG 7, followed by the second and third stages shown in FIG 8. The first
stage of this schene nay be used for the ndkt likely operating conditions
of strong pilots (i.e., high Eg/la) and small frequency errors, the second
stage may be mseEl thocapabditresxif the searchdrednd fopger grocegsardraddwaron sThef substalges
pilots (i.e., |lo vy and.small. frequency errors, and the |ast two

D ages my ey HBoTRLRPIBENE I Akieved Suinoch Rarayieh B e e oo bt
vweak pilots apdyh@igek0uIcNaBivaRl S- [1092] As noted above, upon
successful acquisition of at |east one candi date peak, the acquired peak(s)
are typi cal | y[10P6k k e Thbydetrdnti substegp petformms emdbitiall seamigerver phieo desgratdds rode

System acqui si tion thereafter b erforned on each_of ong or r
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channel s) to seechosmigaflThe sined requiretefos dgpaletdchsubstagy nivy beti expoasead ashe

termnal. [1093] In one enbodi nent, the systemacquisition is perforned for
the peak with the best S§I owé put that exceeds the |lock threshold at the

end of the pull-inytine_“dinterval ,13g9-88qther enbodi nent, the s
acquisition is perf8Fhed BarEqul tiple peaks that exceed the | o?at(m eshol d
at the end of the pull-in tinme interval. For this enbodinent, nmultiple

peaks frommultiple base stations may be conbined (if "soft handoff"” is

used and dat awhere NotNpo ekefiit2l, Wi + 8192 antiahe Hermmninutbot bp b&Fhgderalited toothe)speal
obtain inproved performance, or nultiple peaks froma single-base station
may be combi Mehe gparches bardyyare o Jdgfpetor of Ladacconpts Jar averheadde-g. g fuhip thy
frommuiltiple ' i fo i : n i -

2000, | 108 EpuFerh B8 Searditol ks UGPRCAUGHENBle del i gnétRtbes for
(tenporarily katger ddpnd N, bindforadanger sivk gelelssgment, W&l ect ed for system

acqui sition. i nformat .on. may i ncl ude, faqr xampl. e, the PN phase,
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for exanple, as an aird 1n quic after system acqui sition. Search
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B S s HES S SiRng For B et uBhinge Roschice oSO8 fot e
worse case drift in the peaks between the detect and dwell substages. The perceived

time drift in the peaks may be due to various factors such as, for example, the drift in a
precision local oscillator used to provide the clock signals for the terminal, movement
by the terminal, and so on.

[1098] If the local oscillator drifts by ¢ ppm between the detect and dwell
substages, then the peaks in the received signal will be perceived to have moved relative
to the timing of the terminal. If a window size of 5 PN chips (i.e., 2 PN chips from
the nonﬂﬁal value) is used for the dwell substage, then the maximum amount of local

oscillator drift that can be tolerated may be determined as:

.10¢
_ﬂ_T ’ Tdctecl = 2 ChipS *
1.2288-10 Eq (8)

o =46ppm .



WD 03/ 030391 PCT/ US02/ 31776 24 match the capabilities of the seAACRB2%%q
finger processor hardware. The substages my al so be inplenented to achieve
as nuch par\?bl %3@{,{0%59 ng as possible to nore fully utilize the avail able
har dware. [189 e detect substage performs an initial sed VW@ 7fhe
desi gnated code space to find peaks. For a specific searcher design, the
search over all (e.g., four) code segnent®x may be perfornmed in parallel by
a correspondi ng nunber of (e.g., four) searcher units. The tinme required
for the deteqqosibst ¥yhe MRxiMe nR¥RE BSSLEE 865 relativeVo Thd\basblstahibn the&B e Pedis eC
64FFWP Eq (7) where Nc-Nn~ = 512, W = 8192, and the denom nator of 64F1 is
rel ated to t willsysodet pesteivadtodase oioved relatiketodhe timing efceoninegl Hoz@ maxdount s

for overhead g, bl 1, up th S le buffer.inp t seafcher). As shown
in equation (‘gffo,c(’:kéfhoért %%C[ Eei*r% ??{c?gﬂnglé@?%r Ira'l“&’rﬁ‘&r% l'é?fbel% S I3 B%r a
| arger size ¢RemsRdment, Ws. [1097] The dwel | substage re-eval uates each

peak provided by the detect substage to reduce the nunber of noi se peaks,
whi ch then reduces the tinme required for the subsequent pull-in substage

since finger process¥ikkmibr ik, seed ssi.gned t e fal se peaks.
The search wi ndow fgf, f6r f Iiﬁnggégéi'gagg'ilg éﬂ?@%ﬁcé'd&?'@fﬁ E%’I:mectf orlf‘lﬁg
worse case drift in the” peaks between the detect and dwell| substages. The
perceived time drift in the peaks may be due to various factors such as,
for exanpl e, vilieh Brédstthamtha dwelleeirsh eindoye silze 051hi tiioashilss dnssach kide pf Oicipdak.t he
clock signals_for the termnpal, novenent by the termpal, and so on. [1098]

Y . Yy
If the |ocal &M | aP8her yrindqve siges may alspihsiized Forithe.dyell slistags de.gwie account
subst ages, t KSnd fidRe,: Y | 1.1 be perceived to have
noved r el ati\r/}gpmb%eetrﬁ)ggf ?nrgﬁéélg%l?%%gmteesr% erglgthagh‘)égﬁé\l}'ndoy\y size of 5 PN
chips (i.e., [1PIPN cHops spacifie sdahechendesigaliwhesdbyethe idstetted hehiks for il fduetdde
subst age, then the nmaxinmum anpunt_ of Igﬁgl scillator drift that can,  he
tol erated nayfCHBCHS AY R e vadnated ingparallel by fopp searches dmits fhe fime: regyiredfor, -
46 ppm . 4 ARR hwdPOGsi¥Ee ARlyF2AE3 Phessed as:

_ (NN, +128) M,
dwell 1.2288-10° 4

=7.8msec . Eq (10)

As shown in equation (10), the dwell time increases for larger N and Ny, and if more
detected peaks are re-evaluated (i.e., a larger Mde,).

[1102]  The pull-in substage attempts to acquire and lock to the candidate peaks
provided by the dwell substage. The time required for the pull-in substage is
determined based in part on the design of the frequency control loop. In a specific
embodiment, the frequency control loop is designed with a time constant, 7, of
approximately 1.2 msec for a worse case frequency error of 5 ppm at a worse case
received signal quality of E.p/I, = -15 dB. The pull-in time for the frequency control

loop may be estimated as five times the time constant (i.e., Ty, = 5-7), and the pull-in

time for the pull-in substage may be selected as eight times the loop pull-in time (i.e.,

Touin =8 Ty =50msec). A longer sﬁbstage pull-in time, T, . provides time

diversity in a fading environment. Other values for the pull-in time, T, ;, , may also be

used, and this is within the scope of the invention.
{1103]  The frequency control loop may also be designed with multiple operating
modes, with each mode designed for specific operating conditions. For example, the

frequency control loop may be designed with an acquisition mode having a wider loop



25 PCT/US02/ 31776 [1099] If the term nal noves at a rate of 6 rgl@Rivaeko0
t he base st at then the peaks w1l also be perceived to have noved

L on
relative to"Y‘#}@’%"?ﬂ'ng of terminal. For a maxi num velocity 8ETAEOKFHhr
(e.g., for a high speed train), the drift in the peaks may be determ ned

as: 500 kmhr Td,., sec 6 velocity of lighlg in msec 1.2 88.10 chrps/sec = -
0. 3072 chrps/ Tde,u, , Egq (9) which is less than the dwell search w ndow

: o : . . !
size w mb%ﬂ&@%itl?ﬁse%%@?&%e‘i’%c@gm gfgps%ak, d thack®l g Qgﬁ@ﬁamgg%éh Sway

al so be used for the dwell sta ., 'to account r ot errors), and
this is wthidoehbarslvogib used tdpravidecretincad. phapd 16ik¢ affer acjuisitami, find ss ear dher

desi gn whereby t.he detected aks far all four ct%d segnent l%e
re-eval uated i‘A7P% QP?%P“%QT“? rmgggl?ecﬁ%ﬁoc@m ¥1 tﬁ’@ § Ofe%ffg’i%éﬂ fegpencyhe
dvel | subst agejefm, g LR&%?&‘]e %%i‘tic-ﬁla&i\bgel?tlig %,\lﬁd}ié 1438 )ulle:\@rtnia%EﬁZ sSBBEE based

r s
1.2288.106 4 Eq (10) ?Al\s shown in equatio , the dwe I ncreases for
| ar ger NN and oRahs expedted fopamtieg comtitartse Fopeaknplar @ wide loop bemivedth(maybe used
| arger Mlet). [1102]. The pull-in,suhstage attenpts to,. acgui.re and | qck to
t he candi dat ef{%’eg\tl?s}“%rsfﬂﬁga‘é’da‘:@“r?%Fo&lgwejc%lbg’[ o) 23 g*ﬁ%egﬁ’{lﬁ_z’“f Bawtﬁ&ﬁmfg&r
the pull-in SyRshaRs drfors, d81ded Mo HarkeWw §8op BarkiFilithCMal e HHES E&thOTsedond and
frequency control |0op. In a specific enbodinent, the frequency control
| oop is desi gsabsenidrt stages e acqritst pibats expected of havepweadxEgdly bhy srhalp fregeenciyor
a worse case fregstiency error of 5 ppmat a worse case received signal
quality of E1§8™= -15 dB. The pull-in time for the frequency control |oop

may be esti maye)As | FyeclhditiethelibCerdtiveRedmitiled Rave beed: desdritédFoPthe dcfuikitiodnd
the pull-in tinme for the pull-in substage hay be selected as eight 'tinmes
the loop pul | of pilpispeln(general, thaedectinigues gnayThe wsed toCacquiee ahy type|afrsignal. To

substage pul | -in ti TRPen_h . .proyvides ti diversity.n_.a fadin

envi ronment . &Wgyc \r;rtgfsme@ef @Foﬁeﬁsél?%ﬁw tl?’ﬁ ﬁ:ﬁ&}er Tﬁ’mffmﬁx Rﬁ%‘fe%ff”éowﬁ'gld Ltl’ged,
and this is wcbhipltnidhear§ 0P thapfpettbméd v thé Qfnsindshidal sdiiie ffbe @ee BigtalC &N theol
| oop may al so be designed with nultiple operating nodes, wth each node
desi gned for gpauredi clhsgayentivadechoiauies mai lsorherused damppitots thakare gated, in which

case the searcher and finger processors are appropriately timed such that the processing
is performed on the pilot portions.

[1105]  Also for clarity, various aspects and embodiments of the invention have been
described for the forward link in IS-95 and cdma2000. The acquisition techniques
described herein may also be adapted for use on the reverse link. In IS-95 and
cdma2000, each terminal is assigned a scrambling code used to distinguish that
terminal. The scrambling code is combined {or multiplied) with the PN sequence to
generate a spreading sequence that is used to spread the data pribr to transmission to the
base station. The acquisition of the signals from the transmitting terminals may be
achieved by searching over a particular code space for each terminal to find detected
peaks, which may then be re-evaluated. Pull-in may thereafter be performed on a
number of candidate peaks to acquire the frequency of the peaks.

[1106]  The techniques described herein may also be adapted for use in other CDMA
systems, such as W-CDMA systems. Some of the processing in W-CDMA is different
from that for IS-95 and cdma2000. For example, “covering” with a Walsh code in IS-
95 and ¢dma2000 is equivalent to “spreading” with an orthogonal variable spreading
factor (OVSF) code in W-CDMA, and “spreading” with the PN sequence in IS-95 and
cdma2000 is equivalent to “scrambling” with a scrambling sequence in W-CDMA. The

techniques described herein may be adapted to account for the difference in signal



frequency control |oop may be designed with an acquisition node #&‘}Fﬁ'ﬂm

Wi der loop 4 APRIL 2006 WD 03/030391 PCT/ US112/ 31776 26 bandw dth used for
faster acq of a peak, a tracking node having a nore_narrow op
bandwi dt h ﬁ@igmbgﬂBrOV|de reduced phase noise after ach|S|Pp6HJ°HhHW%o on.
The various operating nodes nmay be associated with the sanme or different
frequency detector designs. Also, the pamficul ar operating node to be used
may be selected based on the expected operating conditions. For exanple, a

wi de | oop bag@b@esﬁ B Beansisiethe feBle e fib rbstse&bﬁ&eniag lﬁCdBtH:rhﬁn&l b&2ES on
expected to have hi gih EA but possi bl arge frequenc rrors, and a nore

narrow | oop blmvmhmgmgumeus@dnf CDNb‘\éle%imOfath@I B@‘@ant stages to

I d to h f
7041 Sror oRReH D TRE N AR ehatieendfR bethRATIR mtneied py
acqui sition v@xfioﬂ%' iﬂéhﬁs, IFbr daARiphe,  thbe &R hAigEEN infliyeBe f]ﬁqbleli&ntb'iieﬁn thardifadali 1 e
any type of signal. To achieve th| s, the processing by the searcher an

finger proceseftwamoe aicembingtipn ﬁweqqfarfgm edardveare praplementationy the ielements used
transm ssi on souy c€ for.the,signal to be cqui red. The jnventive techni,ques
my a1 50 be Sl GroapiTHse (Fha s, pesfesey and T itoset sl BHF e LElbERERe G
finger processgis oﬁé%ﬁﬁ%@ﬁppﬁé@io}i %pd&ﬁﬂ: %M@%?at%haéxrdum (ASICE)S Sdipigal $ignal
performed on the pil ot lQortlons [1105] Also tfor clarity, various aspects

and enbodi neprasessprs; FaS ﬁvélrﬁltabﬁlmb@rmﬂng diegices HBSPDs), pregrapmunatde dogicnk

e adapt ed 1 P Mo PV VlHeBle ' PE RERGRSE (iiShan Bl °°

termnal is aﬁ&iogmdonerscmaaiaiprd&ess@es;leotuaedlemoﬂb Stmiftg desithddN e petforiii thel -
The scranbling code is conbined (or nultiplied) with the PN sequence to

generate a sﬁpr@aunm@esg%ﬁﬂém@ntwacqr@blum thereghr ead the data prior to
transm ssi on[i cﬂaas& ﬁ%ﬂ-& Ilﬁ)@u eitaf gqfﬂeselléﬁlﬁﬁs Qled fOF pﬁbgg?(iﬁsxt‘; frHa gge

transmtting s may Yy sear ching over

space for eabb uhprcmeﬂ&tl with moddled €6 tmﬁhedmee,kﬁlncﬂdinsp hhdl‘ﬁtyoﬁ)hmat peiform the
re-evaluated. Pull-in may. thereafter perfornmed on a _nunber of candidate

peaks to acqlﬁ‘i'r}célo’ﬁ%@ﬁsf“ﬁ@%ﬂjhﬁéy‘ ofhe ?Rf“’b%ﬁt@@dcs[@&béf stped t"e%mﬁllﬂﬂéémﬂé@@r’l bed
e ™ SBR PSSRSO 210 P
and cdnma2000unitatayeka mpplemehedwveithinghe wrddessar \bklexternaide the ptdsessor, in which
case it can be communicatively coupled to the processor via various means as it known
in the art.
[1109] The elements used to implement the pilot acquisition techniques described
herein may be incorporated in a receiver unit or a demodulator that may further be
incorporated in a terminal (e.g., a handset, a handheld unit, a stand-alone unit, and so
on), a base station, or some other communication devices or units. The receiver unit or
demodulator may be implemented with one or more integrated circuits.
[1110]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the genenc principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1111] WHAT IS CLAIMED IS:



95 and cdma2000 is equivalent to "spreading”" wth an orthogonals M@a8iakee
spreading factor (OVSF) code in WCDMA, and "spreadi ng" wth the PN
sequence in I S-95 and c¢dna2000 is equivalent to "scranbling” with a
scranbling sequence in WCDVA. The techni ques described herein may be
adapted to account for the difference in signal 4 APRIL 2006 WD 03/ 030391 27
PCT/ US02/ 31776 processing. For exanpl €8 the code space to be searched may be
determ ned based on the scranbling sequence used in WCDVA (instead of the
PN sequence). [1107] The pilot acquisition techniques described herein my
be i nmpl enent edOéyU rious nmeans. For exanple, these techni ques may be

i npl emented in hardware, software, or a conbination thereof. For a hardware
i npl enentation, the elements used for pilot acquisition (e.g., the searcher
and finger proc¢essoAshetiay of@cquitihe o be thorebildts fin @neirelessnairmasqtibeat i on
specific integrated circuits (ASICs), digital signal processors (DSPs),
digital stﬁﬁ‘?ﬂg BMBE@EET ng devi ces (DSPDs), programmable |ogic devices
(PLDs), field PR HER Bézﬁ(s‘ih%?ec@fv%@!?a(l%Bﬁ'%sﬁeszg?lﬁﬁﬁ%ééjip%ce fb‘]ﬂ&%@éﬁers

m cro-controllers, mcroprocessors, her electronic units designed to
performthetofbuﬁeltmmwmrbémptﬂétd herein, or a combi nation ther eof [ 1108]

For a software i Ierren errent d t acquisition may
be i nmpl enent ed PRTR S48 cang%iated;egk %r SAULF %gan ?%Lecqeag'na?,g and so on) that
performthe fpagirhns thiesedrciigg anér@beessiifan phirdlivared G@deSusiyhdeethst ored in
a nenory unit (e.g., menory 262 in FIG 2) and executed by a processor
(e.q. coﬁfqr@hl%lforzemxt setrf capdydaty peaksiis Pﬁﬁﬁ‘?,m}ﬁé in matagﬁlemthahwrpﬁﬁswng he

processor N a 8 i f Aqitie pefiRcgRsor. in which case it can be
comuni catively coupled to the processor via various neans as it known in

the art. [1109}en’ﬁhtatlag ehtmemhmgedd pmcessmlge:aﬂympmméetq:utlbotof adoﬂncqulsmom
t echni que(sS degscr ¢ srel n may be incorporated in a receiver unit or a
denodul at of " H%letacﬂ’é'§l lf’ﬂ ™er be incorporated in a termnal (e.g., a

handset, a hand}h@}emmegém}ﬂngsf&@mgesal one unit, and so on), a base station,
or sone ot her conmmuni cation devices or units. The receiver unit or

denodul at or nmayetseingnspks et By depigatesheods spansite Pravidegy sef etideteateduneeks, [1110]

The previgys description of the disclosed enbodiments is provided to enable
any person skilled in the art to nake or use the present invention. Various
nodi fi cati ons toetdhesiag eatiodétemet peaki tbireleve ecisk pgakappdpentidd thetdnose skil | ed

in the art,
more candidate peaks.

2. The method of claim 1, further comprising:
pipelining the searching and processing for different sets of candidate peaks to

shorten acquisition time.

3. The method of claim 1, wherein the designated code space includes phases

for all or a portion of a pseudo-random noise (PN) sequence used to generate a pilot.

4. The method of claim 3, wherein the designated code space is partitioned
into a plurality of code segments, and wherein the searching is performed over each code

segment.

5. The method of claim 1, wherein the searching is performed by a searcher

and the processing is performed by one or more finger processors.



and the generic principles defined herein may be applied to ot heAPRIL 2006
enbodi nents without departing fromthe spirit or scope of the invention.
Thus, the present invention is not intended to be limted to the

enbodi ments shown herein but is to be accorded the wi dest scope consi stent
with the principles and novel features disclosed herein. [1111] WHAT IS
CLAIMED | S: 4 APRIL 2006 28 CLAIMS 1. 20net hod of acquiring one or nore
pilots in a wirel ess communi cation system conprising: searching for peaks
in a received signal over a designated code space to provide a set of one
or nore candi date peaks; processing each candi date peak to acquire the
candi date peakis and el il SIS, SARIGDING GratBchin RF M AflaiBarP plicth! 1Y Of
times such that the searching tor a next set o andi dat e pea 'S

per f or med the curaemalsttels paifotmediey prrespectsierfipgerf processaruandetht psaxessrig foantli dat e
peaks; and _termi nating.the searching and. processing early upon detection of
pi | ot acqtﬁagﬁgflfir‘%ﬁeékfSgglg&ﬂgﬁ'ﬁﬁﬁtdﬁpir&ﬂn(g&“ﬁ?aﬁ’éﬁ'mgei n the searching

i ncl udes detecting peaks over the designated code space to provide a set of

det ect ed peaks,_ and re-eval uating each detected peak to renove noi se peaks
and provi de the-one 1be mphpd of glalmddt evhesiik he seardhieg e pedermsd veigg @ 1,

further cmﬁgi&g&s 9@%%&@@%&%?%&&%18&%%%5?rOceSSi ng for different

sets of ¢ te pea en acquisi'tion tinme. 3. The nmethod of claim
1, wherein the designated code space includes phases for all or a portion

of a pseudo-random nei se (P, equence used to generate a pilot. 4. The

method of ol af 3. WRErErEd HeBEL o aEd oty depreryaties crEa e | nto
plurality mkt @aﬂﬂ:@e@@ﬁ&ﬁﬁﬂ 2 nuABek JARI: doRGreMORE GRG0 Sf REprea fRpiQver each
code segnent. he method of claim1, wherein the searching is perforned

by a sear ctidm seeand vehis renreseating mamier 98 elfips fos domgolsnent agcumuasioniofi got
processoranﬁoéPRlL 2006

9. The method of claim 7, wherein the sets of parameter values having

improved pilot detection performance for more likely operating conditions are used first.

3. The method of claim 1, wherein the communication system is a CDMA
system.

4. The method of claim 3, wherein the CDMA system conforms to IS-95 or
¢dma2000 standard.

5. The method of claim 3, wherein the CDMA system conforms to W-
CDMA or TS-CDMA standard.

13. A method of acquiring one or more pilots in a CDMA communication
system, comprising:

partitioning a range of possible frequency errors for the pilots into a plurality of
frequency bins;

evaluating each of the frequency bins to acquire the one or more pilots, wherein

the evaluating includes:



29 6. The nethod of claimb5, wherein the processing for each caadirgat mopeak
in the current set is perfornmed by a respective finger processor and the
processing for all candidate peaks in the current set is performed in
parallel. 7. The nmethod of claim 1, wherein the searching is perforned using
a plurality of sets of paraneter values for the plurality of times. 8. The
nmet hod of claim 7, wherein each set of 3paraneter values includes a first
val ue representing a nunber of chips for coherent accunul ati on of despread
sanples and a second val ue rePresenting a nunber of chips for non-coherent
accunul ati on of pi | diequenaybiodnslatiog dFtacsampieh clgrivdd bmi awrgteivati sigaphtot dre set s
of paraneter v . i i ed pil.ot detection perfornmance for nore
likely operatiﬁ%ﬁgﬁ% I f%ﬁ%*ﬁ?@gﬁégﬁn ﬁ?@t. 3. The method of claiml,

wherei n the conmmuni caghiching SfostRaks Sn ahDbIvSEigmal, Basedhén nBé taduadcyc! ai m 3,
wherei n the CDVA systen1conf rms to [S-95 or _cdma2000 standard. 5. The

met hod of cl ai nifaislafidcdats spminies. o¥me depianaisd cods enare tq Broywde@igh obpnerer CDVA
standard. 13. Anpgrihpddat pakgui ring one or nore pilots in a CDVA

comuni cation system cohprising: partitioning a range of possible
frequency errors forprodeesipg tashsandidate peaplteiacguirt sheafandifiate geaknend bi ns;

eval uating each _of. the frequency bins tao acgquire the.one or nore pilots,
wherein the evtﬁmlg?ti"ﬁgt{]? ﬁ‘%llﬂff&gg iPop %—tﬁﬁﬁﬁn ?g@k’téfﬁl?sfltéﬂhéﬂ‘gy transl ating data
sanpl es derived fr orpipelingpeihy @earchify ahd E@c@s@inga@pﬂi@ﬁ&dﬁah@qmw Bins@hictf he
frequency bin, searching for_ peaks 1n the received signal, based on the

frequency- tran@pathsdscaiohingsions aext fraaency Rjads gsepared By garghelcwith gheyr ovi de
a set of one orrgoggggigg@@q%g@ﬁﬁraqtggﬁibhprocessi ng each candi date peak to

acquire the candi date” peak; an nating the eval uating upon detection
of pilot acquisition, and pipelining the searching and processing for
different fr equpgcy 19 idgnsloéutfgtgr in a wireless communication system, comprising:

a searcher operative to search for peaks in a received signal over a designated
code space to provide a plurality of sets of one or more candidate peaks; and

one or more finger processors operative to process at least one of the plurality of
sets of one or more candidate peaks to acquire the candidate peaks, wherein the one or
more finger processors are operated in parallel with the searcher such that the finger
processors process a current set of candidate peaks while the searcher searches for a next

set of candidate peaks, each of the one or more finger processors comprising a rotator.

15.  The demodulator of claim 14, wherein the searcher and one or more finger
processors are further operative to terminate pilot acquisition upon detection of

successful pilot acquisition.

16.  The demodulator of claim 14, wherein the searcher is operative to search
for the next set of candidate peaks in a next bin of frequency errors while the one or more
finger processors are operative to process the current set of candidate peaks found for a

current bin of frequency offset.

17.  The demodulator of claim 16, wherein the searcher and one or more finger

processors each includes a rotator operative to frequency translate data samples derived



that the searching for a next frequency bin is perfornmed in parallel with
the processing for a current frequency bin. 14. A denodul at or 4 4PRIL&IGe| ess
comuni cation system conprising: a searcher operative to search for peaks
in a received signal over a designated code space to provide a plurality of
sets of one or nore candi date peaks; and one or nore finger processors
operative to process at |least one of the plurality of sets of one or nore
candi dat e peaks to acquire the candi dai® peaks, wherein the one or nore
finger processors are operated in parallel with the searcher such that the
finger processors.progcess.a current set of di dat e peaks il.e the
sear cher sﬁg’gnr @ﬁerseceflgerd %grhaZ}? al ¢ B?roégnaz%ﬁ%’?%aﬁg%lgb ée,mgggﬁmtgwphb t?)lﬁe or
nor e fi ngeeargheporSsger progespr.i Sing a rotator. 15. The denodul ator of claim
14, wherein the searcher and one or nore finger processors are further
operative to termnate pilot acquisition upon detection of successful pilot
acqui si tion. 16g ThendammemliabPbr Slaik! 13l Wndfbin mﬁrﬂpg@r bRReSBAIRNAEs b
operative to search for the next set of candi date peaks In a next bin of
f r equency frsguency cotidl doaphapetatizre ¢ aquire theffraqgency pf o cendidate peakaassigmaddoi ve t o
process tQﬁ ﬁurre&g sel of candi date peaks found for a current bin of
frequency f 1 ost P59 The denpdul ator of claim 16, wherein the searcher and
one or nore finger processors each includes a rotator operative to
frequency transl ate_data sanples_derived 4 APRIL 2006 31 fromthe received
signal to an appr oxilafemediigtar ofyflaimné, gihgregbths glesigeated eade spacsyinglydes
sear cher Qhades 81411 B PREARATof ol frouddIEndSHABIL RPRS sBfucfilctisth 16 genthfe 1 N each
finger processor includes a frequency control® |1 0op operative™to acquire the
frequency pilbt.a candi date peak assigned to the finger processor. 19. The
denodul ator of claim 14, wherein the designated code space includes phases
for all or a portion of a pseudo-random noi se (PN) sequence used to generate
a pilot. 20. A0, ar AnGec1©b6f MEMifcket YohpeHRPr i Sing: a conputer usable nmedi um
havi ng conput er readabl e %rogran1code_neans enbodi ed therein for acquiring
one or nore pi [BotENRPULEra usblce Pediin: dyving| commubs tegdablanprograe gppuEans
r eadabl e - i I . 3 : lsl.Ng
computer RLaRfRadE SERIRE G ritlrt pAOS 1 RIS Ao AR bisknl

the computer readable program code means in said article of manufacture comprising

computer readable program code means for searching for peaks in a
received signal over a designated code space to provide a set of one or more
detected peaks;

computer readable program code means for re-evaluating each detected
peak to remove noise peaks and provide a set of one or more candidate peaks;

computer readable program code means for processing each candidate
peak to acquire the candidate peak;

computer readable program code means for performing the searching, re-
evaluating and processing a plurality of times such that the searching for a next
set of candidate peaks is performed in parallel with the processing for a current set
of candidate peaks; and

computer readable program code means for terminating the searching and

processing early upon detection of pilot acquisition to reduce acquisition time.



recei ved signal over a designated code space to provide a set Of ARKHIE 2006 NOre
det ect ed peaks; conputer readabl e program code neans for re-eval uating each
detected peak to renove noi se peaks and provide a set of one or nore

candi dat e peaks; computer readabl e program code neans for processing each
candi date peak to acquire the candi date peak; conputer readabl e program
code neans for performng the searchimgg re- evaluating and processing a
plurality of times such that the searching for a next set of candidate
peaks is performed in parallel with the processing for a current set of
candi dat e peak3l. and rrosfem epragedevipd eeagable)bym wadhinergangihly embodying mat i ng

reduce aodrer] PomsiaBa SRy e AR ST Rl B aBEWRIPE " 1

readabl e bymareapbi ine, witdesgicbinyhuaithieysysgmasaipmethod Bomprisingt r uct i ons
execut abl e by the nmachine to performa nethod for acquiring one Qr nore
pilots in a wi PEFues ’gﬁﬁ?ﬁﬁ‘ﬁi“& F?°8W°§§'§E‘?Trﬂvers%ﬁi‘i§‘% SIS 1ORTAYYe &ear chi ng

for peaks gbihrané 8GRI etIcdPBIKksOVer a designated code space to provide a
set of one or nore detected peaks; re-evaluating each detected peak to

renove noi se peakaluatidg padivdetiested peek tofenve noise prakseand pmeiidas ectpd aks ;

processi ng_each candi dat.e. peak to acquire the candi date peak; and perform ng
t he searc%f'r%’fecrag&' 3tglpﬁ%1]isr ng and processing a plurality of tinmes such that

the searchi ng bakekingaxth Gatidale peslo@i Qqiif: the sdedlidate makfadaned i n parall el
with the processing for a current set of candi date peaks; and terni nating
t he searching BFECTRIRE Bssserighiags reyevalyaingandarroresping e Pifabty efcémesssuchon to

reduce ac gy Shd ka&lﬁ%gnﬁn £ fext Al Y LEaRIdQ pB&IYL h‘m SinYard IRl il hots in a
n B: s tor s

Wi rel ess conmuni cat | system conprisin mea earching tor peaks in
a recei vegrocespira foow eurrent st of camdidatt peekigabace to provide a set of one or

he. candi dat e BERREOHE e R ARt BORERITSLAL) out QTGP ARA B SaUeLRRg o
pl ur al | ty t@fedh&d@ﬁui{ﬁiﬂi@ﬂ tifzgat  t h_e searching for a next set of candidate
peaks is performed in parallel with the
22. A device for acquiring one or more pilots in a wireless communication
system, comprising:
means for searching for peaks in a received signal over a designated code space to
provide a set of one or more candidate peaks;
means for processing each candidate peak to acquire the candidate peak;
means for performing the searching and processing a plurality of times such that
the searching for a next set of candidate peaks is performed in parallel with the
processing for a current set of candidate peaks; and
means for terminating the searching and processing early upon detection of pilot
acquisition to reduce acquisition time,
wherein the means for searching comprises
means for detecting peaks over the designated code space to provide a set of
detected peaks, and

means for re-evaluating each detected peak to remove noise peaks and provide the

one or more candidate peaks.

23.  The device of claim 40, further comprising:



processing for a current set of candi date peaks; and neans for i gpmiL3dbd ng
the searching and processing early upon detection of pilot acquisition to
reduce acquisition time, wherein the neans for searching conprises neans for
detecting peaks over the designated code space to provide a set of detected
peaks, and nmeans for re-evaluating each detected peak to renove noi se peaks
and provide the one or nore candi dat e3peaks. 23. The device of claim40,
further conprising: 4 APRIL 2006 33 neans for pipelining the searching and
processing for different sets of candidate peaks tgo shorten acquisition
time. 24. The &Pt Eergripedmingthescarching andprosrssing dersdiffsrent sety eheangidpigr t her
conpri ses ,NRaPShérh R&iLitibh ARkNg the designated code space into a plurality
of code segnents and nmeans for searching each of the plurality of code
segnents. 25. A device for acquiring one or nore pilots in a wirel ess

conmuni cati on st canprisi.ng:. a,searcher confiqured to,search for peaks
in a received |§naﬁ%]8\98Y‘g§°%“Z%‘P‘g‘}PaPVé‘8fel tﬁﬁ@e%safg’és‘%ﬁc Filyer cQmppiges ¢ gne
or nore deh&@t €6t Reakcis thetRsigRateY 8d ceCimtdla piRAIRG toF Gole Mgnichts @idoV e

noi se peaks and provide one or nore candi date peaks; one or nore finger

pr ocessor SneHRfar gearehing ench b thepurality |9f eedssegragnis.peak and to acquire the
candi dat e peak; and a controller configured to control the searcher and the
one or nore finger processors nmeans to search and process a plurality of

ti mes such that25t he Asdevichforquacfjuiring ona@x tmaetpilofs inandirdktecoprabsication
performed in parallel wth the processing for a current set of candidate
peaks and YYHeFITHEME t he searching and processing early upon detection of

pi | ot acqui sitiOfafcher RMAEHe@tsl Ybadét foPPedlsTR a received signal over a designated
code space to provide a set of one or more detected peaks and to re-evaluate each
detected peak to remove noise peaks and provide one or more candidate peaks;
one or more finger processors configured to process each candidate peak and to
acquire the candidate peak; and
a controller configured to control the searcher and the one or more finger
processors means to search and process a plurality of times such that the searching for a
next set of candidate peaks is performed in parallel with the processing for a current set
of candidate peaks and to terminate the searching and processing early upon detection of

pilot acquisition to reduce acquisition time.



