WD 03/ 030391 PCT/ US02/ 31776 METHOD AND APPARATUS FOR ACQUI RI NG PI LOTS OVER
CODE SPACE AND FREQUENCY ERRORS IN A CDVA COMVUNI CATI ON SYSTEM BACKGROUND
Field [ 1080D]o3/0bms9pr esent invention relates to data conmunipcatison3i7and nore
particularly to techniques for acquiring signals (e.g., pilots) over code
space and/or frequency errors in a CDVA conmmunication system Background

[ 1002] Wrel ess conmuni cation systens are wi dely depl oyed to provide
various types of comunication such as voice, data, and so on, for a
nunber of user e t e IMSH il e
access (W&ET@.&@W%@% éflytﬁgﬁﬁs @g?‘:/lgsi on
mul tipl e access COME)SPACEANDFREQREN §Ii€gh§1 . CDMVA
systens may provi de certai nCONVIMENAECATEONO¥ESTEMes of system such as
i ncreased system capacity. A CDVA systemis typically designed to conform
to one or nore standards, such as IS 95, cdnma2000, |S-856, WCDWA and

TS- CDVA standards, all of which ar i e art and incorporated
herein by reference. [1003] A ter%A%@P% system needs to acquire
signals transmtted fromone or nore base stations in order to receive or
exchange data. In nmany CDVA systens, a pilot is transmtted fromeach base
station toXieMi st the terminals performa nunber of functions. The pilot
I's typical Iogfner ghe gre{%@lﬁEﬁV%ioﬂ KRAWM, ddat éfbnﬂﬁﬁﬂi@itfbnﬁ 8nd moré@ partieglagince of
all zeros) and-using nown signal processing schene (e.g., covered with a
Wal sh code toftechatquesfut asquiciag signtls (@gk pdo) pes gode $mn@lémd/ﬁbfr@<éle(lﬂ\&rf0fs
sequence). For ]IMS 95 and. cdnma2000 systens, each base station is assigned a
speci fic PNDGGRMA eoppupgatiof) $€Ment from t hose of nei ghboring base
stations to allowthe termnals to distinguish the individual base
stations. The pilots fromthe base stations may be used at the termnals

f or acqui siBadkgroimdquency and tim ng synchroni zation, channel estimation,

h t d | at i f dat 1 SSion, L
pCT) Usozs TR 5 (goss SreRllehi B BaR, R AR, BepBle KoL TUATIARNS ) due

to various RBeNeMEMmunication 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 system 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. Jn 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 a 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
ferminals for acquisition, frequency and timing synchronization, channel estimation,

coherent demodulation of a data transmission, and so on.



First, the pilot is distorted by noise and interference in the

comuni cation |ink, which can nake detection of the pilot difficult at a
term nal .wBass$91 due to obstructions and artifacts in tRETIUSANSIWESI ON
environnment, a transmtted pilot typically reaches the termnal via a
nunber of signal paths, and the received, signal at the termnal normally
includes multiple instances of the pi I ot~ at various anplitudes, phases, and
del ays. Third since the term_nal naot lﬁe aware of its. |location and/or
timng rel 44904 t oTBy sepsitipnef a Rilof a4 geadenhalbaigingndwe g SCpOMEE-

sear ched tqﬁfs{ rfﬂe %)ﬂgt 1P'dlls%rtedal§>¢ {)19&'5ﬁ&"1nté??éf€ﬁ@%rlh thé)léo&ﬁl%nfc’?lﬁéﬂ Ak, wWhigRt €s a
Doppl er shi'f requency of the received pilo causing the pilot's
frequency toan lnmkefdemtlori pbthegilvodiffiablt ftex panimd) Swolndedue[ m&ﬂf@'!rudfiws @nds
therefore a need in_the art for techniques to eff ctlve UII‘ nal s
(ocoe pr 1 GRS er theo sl ahUTOMoH-of AEReT st BISC i aches ]
Aspects of thehinigatiutibePbPVicAA Pabfsh RAFIHRSebRve di Sl lat/ﬁiewem@iﬁw AEmaily ot s
over code space and/or frequency errors. These techni ques may be used to
provi de i rrpndu@ﬁ mnpitlp}@amtanqeyobﬂne@ép@@ttwannusaﬁaplﬁud% plrses, @nd delgys. sthirdon

t 1007 t t f r.f
of "subst agesee i arugrcrgy hofle SmEphl Do pbuaEr R e R e
paral | el usjagedin f:@deedibhce RaP GesSioNg seéxenamosﬁrtdqtls pst emd ﬁaﬁrtﬁ,cxﬁuvanénton

tinme. In one specific inplenentation, initial search qver a designated
code space t(}'ethgteﬂmflﬁéc@ﬁteﬁ adapRics Siél 1§|{§]é€cﬁ°}qqe§cb‘éﬂ¢‘6ff??§ﬁ’e Byl casitcher to
find peaks r c@ received signal

(det ect sut?s age Eﬂé{lﬁgt%ﬁ%gfefseq(ﬁ% Qh gg&@l‘)&glt ed to renove noise

peaks (dwel[ll003ubsTage)is athekeﬂfra\al dﬁ:dcml’lﬂled‘&‘t dopreakisiqudsi wgeffeqhivelyeasoirs may
then be assigned to the candidate peaks_and attenpt to acquire these peaks
over frequehlsderorhilops)gysrgode S%Bé”c’ gefreauPReY €XAscher 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 mayUMMARNM to form nunerous pil ot

ot v ¢
Gesi gned 1 G108 Ch Avprts b aan e DisMids e AT ey al iy
stage of a dpdk kpacelaadRr ﬁ%&@éﬁ%¥ BﬁMrst“IﬂﬁéSﬂeaﬂﬁQués% r)measée@fcd pld9ideamiprotadi ous
factors such as probabilit detection, speed of searching, maximum

frequency euroloabilitlyaf dntayumnaxdéqmshener a&qmsgl@ndme A different set of
paranmet er Vﬁ?Ol?ﬁ/ 03?3%%6 Igscpycp 801%4 %écfuzsmon 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. 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 etrors (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 on. A different set of parameter



val ues may be used for each stage to inprove the likelihood of pil ot
acquisition for different operating conditions. Each stage may be

i npl enentwo 00830391 a nunber of substages, and the substag@sTarsd2/st7ages nay
be pipelined and perforned in parallel to shorten acquisition tinme. [1009]
I n anot her aspect, the full range of possible frequency errors for the
pilots is divided into a nunber of fre%ﬁency bins. A multi-stage

acqui sition schene js thepn used to evaluate, t .r equency bins,.and. one or
more st aged W&y MY ?Fs@%?gfg’lr e@é& ftage fo tERREPVefip B’ﬁ(-eé]?%? OQB*?(%%‘JH’&VOH for

I ncor por at g;fhentPbReddny SshdithsPaEAh fthodd hAGESS imMlediefted lddls 4 RAmbeLRE Cher
may performa search for the next set o% peaks in the next frequency bin
whil e. t heubstaggerandrthe sglstagss and stages mey besiipélimed ahd plegfonned: wnparalial tof
peaks found, for the.%urrent frequency bin. [1010] The acquisition

t echni ques BT IQUSHBHNS oy be used for the forward |ink, and possibly
the reversgid9k, infantifer AsisecNABYShENEE SoseibleSeduBnOPperred Ta2MO Gilots\is CDVA,
and TS CDI\/& _'I?F!e' i nventi onkiffeurther pro%einge?%ot her qma.t.h_ods, deno%ul ators,
recei ver umitided gy apmber, of freguendydiing| A ey stagsdedadition scheme is ithew usaent .

Ut or ¢ her % gy TRCRAITRALE pin e GR ARBie i Rp HERRFRAR: 580 1 The >
features, nailtilseageadibnadian imogsorat thdgipplitisgand paleltprocessing sudbethantte mor e

apparent fromthe detail ed description set forth bel ow \A/E%n taki)n i g‘

conj unct i oseATGRarHNaYHRETENTEG FRECh; 19T {lisi naxt petiof Pralisdp AhroReXt Areducic D& Phift i £y
correspondi . -2l Qf i i a

W reless céﬁ%ﬁx eéé?‘lg ngsggsséﬁegﬁ# qf%%%?ﬁ qul t(}Ele chl]r?%t Sgﬂ gprfcélldl %ug%%lﬁgiﬁi%ﬁgr am
of an enbodidqeaicydfina base station and a terminal; [1014] FIG 3 is a

di agr am of circle that .represents the entire code space r. . th PN
sequence; [[il@lﬂi] FLes aﬁql’rl%‘tlgn E‘F%‘E%uﬂ? gia?cé’%e%fheﬁfm? e eéggq({/gqr tilgsgmaédof

i npl ement i nGkVaLd QI4Sibl PHE S ePsealtk, BIRAHUTOBM ANysiehR suety 811S-98).cdnhddd, FI G
5 is a flow diagram of’ an enbodi nent of a single stage that nmay be wused to

search for WrcDNbguiand FiSFCDdAn aTHesinyaniiend dober spravides vesher/ mebgeds

PCT/ USD2/ 31délzngdu1%tors, 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. 1 is a diagram of a wireless communication system;
[1013]  FIG. 2 is 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. 4 is 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;



[1017] FIG 6 is a diagramillustrating the partitioning of a range of
frequency errors into nultiple frequency bins; [1018] FIG 7 illustrates
an enbodiwent/osf3on two-stage pil ot acquisition schene w POTABNY/Y1776

term nati on upon successful pilot acquisition; and [1019] FIG 8
illustrates an enbodi nent of a nulti-stqge pil ot acquisition scheme for
multiple frequency bins and with early term nati on upon successful pil ot
acquisitio

: 102 FI G [ di how th babji | it f
dotecting 118 gl oFlsi ot At TFS-BEDBMS B BIg Pt BAER & BYOUBHN FFPEhe
PCS band). -i%wlhﬁgfg%g%ﬂhsg\' [1021] FIG 1 is a diagramof a wreless

em

communi cation sys O wherein various aspects and enbodi nents of the
i nvention rikg18le i FiE.efralivstcites Sysemhodio@nt pf eviwdessageopiheindcguisition scbeme

nunber of cells,. with each cell bei servi ced by correspondi ng base
station 1OZf".’lﬂheaﬁgs%m%’flﬁtﬂ‘?Ib‘rlpqnssuﬁ‘feggﬂg@jiﬂiﬁﬁ‘wSlggl?’ealn?ed to as a base- station
transcei verr1gyst enFlGTS)Hustted @G eHshdipheit of f maltNoEge BilotVasguRitfon! @hsmpal s
106 are dispersed throughout the system (only one terminal is shown in

FIG 1 for fosinnpiplefrequency bins apd mibiearle feriningtion @poprayccesshMIPEAEISIHMh one

b ti 04 he f o ]
ooront - dopdpain BRS, Sk e i BlaBE BrPRIREYPIaS e il pAheia®n
not it is iffequehdy daord@fnits Bhppian ey RCS bakd)(i . e., downlink) refers to

transm ssion fromthe base station to the termnal, and the reverse 1link
(i.e., uplink) refers to transm ssion fromthe termnal to the base

station. [1023] A signal transgj ation may reach the
ﬂE‘I‘Ag‘?JP{%tﬁ?g%ﬁ‘ie OoN

termnal via one or nultiple sign se signal paths nmay include
a straight [pe21] (sHBG. dsissa ghagrampef b WikBleys aomihmmicatdh esystenh HAA hehefguch as

signal paths 110a and 110b). Reflected paths 110a and, 110b ar r egt.ed

when the t r'@ASHE PPEES S rfé‘l)‘l?qdém?rg? Ptg}ieeg“’@?tTonr@?Y gﬁt‘V’B}?n%e&%dc egys(%%ggsand

108b, res pg{r&éri}dé‘éhxomﬁﬁﬂic%ﬁéﬁ 615 a AfurkR® dredells NHith Vdadh efif l%iﬁtserwﬁfeb%y han
- Yy

the line- sight path. Reflection sources 108 are typica artifacts in
t he envi r omwemspandingrhast statibie 10461 A brse siation prealsa corgmpelygeferigdito @ adase-

LLoes, O SRyt AR, RSB o SRR, PhsbA5phRTHI8G, ™
nore base si@tdigRssed Tihgougver s lsidikmi 5*on e Stefthinal iy sabwecineBI®Y 1t fors
mul ti path phenonenon. WO 03/ 030391 PCT/ US02/ 31776 5
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 one 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 108D, 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.



[ 1024] In system 100, a systemcontroller 102 (which is also often referred
to as a base station controller (BSC)) couples to base stations 104 and
may furthwoosospsbe to a packet data network via a packet PAAt®0¥2Y796 Nng node
(PDSN) and/or a public switched telephone network (PSTN) via a nobile
switching center (MSC), all of which are. not shown in FIG 1. System
controller 102 provides coordination and control for the base stations

coupled to i and_further controls the routing .of .calls.to termpals 106
via the ooy bt 0§ asysiemonods 0 e i 55 AR a G o
support ong,qr st%ﬁc%ﬁ&ﬂ@?E%l%rbas@&aﬁ&xsgw dnd- B9 fur@eFBAH 10 a

W CDMA, TS-CDVA, and ot hers. ese CDMA standards are known in the art and

i ncor por at @dciet deiamdbyorketiereepashet {2t 2@)irghreodsi PRSNAcgdiosia publictedtshedues

of the invention may be | mented.on the, . forwar iqk ssihbly the
reverse |i Eé]?p}}(’ﬁ‘e Yvyggs(b%mv&g%q@_e spdiechine Gep eﬁl\d&"{ﬂ&%%ﬁg@ﬁc& %ﬁglgy are
speci fi cal lgfoWlgsc Fided §@iterhREndréllend0d pkdvidiesi ddotdmAifonand cofidiZoPthe tgyst ens.
[1027] FIG 2 is a sinplified block diagram of an enbodi nent of base

station 104tatignsicoupled ieait, anglsfurtlipr eanérolsghaapwing oficallato framinady 196 via the4, a
transmt (TX lgcil{)a Sgrtlocgssor 210 receives various types of "traffic" such
as user - sp&eIH &5t

a, oFﬁa‘ssages, and so on.. TX data processor 210 then
fo & mat s aﬂ([wmes sy@exdgbbemgzr%e gasigelsd o s%rpaftadne or mﬁe@mv{mmdamsrmcle
codi ng schenes to provide coded data. Each coding schenme may. . inc any
conbi nat i or‘ilsoi_s'%@tcfsrgﬁae@mﬂﬁ?é)ﬁey Wi{daMA (fﬁ?:)CDMénv%duP{Lgﬁsal , These H%I,gﬁf%l ock,
and other caglifds a%rlﬁfgaevcngng& Rld ﬁugpoﬂafédﬂ{ekfﬁ\ysw elepcgommonl y appl i ed

when error-correc es are used. Typica ifferent types of
traffic ardl1eajed The piot atijbifitionntchompenof the irevepson fub »8jimplemsdigkdamaghe ( MOD)

212 receives pilqt data and the coded data fram T ta processor, 210, and
further pr (fe’é?‘}é)"é@gmg(hén é’@%ﬁ?]?}?éc}ﬁ%lé?vfrﬁeoh d&@%%é&]ﬁ& @ﬁ{% a.or ?18?%?’ S-95
and cdma20Qfsse 1&®nRfues ﬁ&%peaﬁ@mw@éiuﬂfiﬁé@for Ae2rorWEldugRsin (1I8)o Lo 20009

(i.e., covering) the data for each of a nunber of code channels (e.g.,
traffic, syggemspagi ng, and pilot channels) with a respective Wal sh code to

Ceapoct | ve OFA SREIGEFE 4 bR ok TR or A R Bon B R SRbllpd 181

channel s, and kminP166di 0F thdostnaaikdat daw tthtich 100! texsRite)- dandom
noi se (PN) sequence at a particular PN offset assigned to_the base

station. Tipeogshsast210greesyssceariops éynen 98 ( fraldie” ieth an Ussaiseeriiie dafaomesseges, WO

03/030391 EZ\%:E/ sy %912/ ’l%% 7(1?191 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 1S-95 and cdma2000, 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.



6 [1029] The nodul ated data is then provided to a transmtter unit (TMIR)
214 and conditioned (e.g., converted to one or nore anal og signals,

anpl i fi edwofodlossped, and quadrature nodul ated) to gener aPe€TArse2/s7761or e
forward rmodul ated signals, which are routed through a dupl exer 216 and
transmtted fromone or nore antennas 218 over a wreless link to the
termnals. [1030] At termnal 106, the fforward nodul ated signals from one

or nore base stations are received by an antenna 250, raou h, a

dupl exer 26829%hnd Wegatefidlatads_rtg%gli‘/’@’rdeaﬁ%\‘?ﬁfanﬁg’ﬁ er ﬁ&gemﬁg%%l nd

condi ti Onsg&‘?di?onedf {elpé.,eﬁénveﬁg@ltb fdn@Sor %Wﬁﬁzﬂgg Isighals, ARfplicied) fiit&e8) atdre
e

recei ved signal and ovl des data sanpl es. modul ator (DEMOD) 256 then
recei ves andadratoceswdslatedp tal gérergampt @3 niae foonard enodubased pigaals,ywhich gre For

|'S- 95 and cd 000, the pro Si b ul at or 256 incl ude

despr eadi n§P4t %H%‘Egé‘ a BBP’?'B?%‘?‘% at“ﬁqﬁ%m?tge%?@ango%j %5t aé”?enﬁ% 21&% éﬁ%rcae used
to spread thgidaiigk & thbh@nfaie station, (2) decovering the despread
sanples with the proper Wal sh codes to channelize the received data and

pi l ot onto[t03r ra&spaviialelOfodes Eorsndnaodulpter] cigpals diiemedna 9r MAseddEE at i ng

th h | i zed dat i t il at f h '

Si'gnal - DeRBIETEBresaet b iR eant e TRaREoREh Rk s nd EGIUE Ty
multiple sirgleri(REVR)SS. Reteived 234n@hbigions (e.4.Nilterecanplifibs sdaynabnvats,
descri bed bel ow. [1031] A receive (RX) data processor 258 then es and
decodes t h@ndgligifiies) the reseived sigmal apdarovides dasa papR)eser Ardgprogulstor é’éﬁ@f@%b dat a

S oS ST O AL i OSSR, s

denodul at of rocessor enent ar
per f or med log axdddina2@0, Bk2pracedsiiX bgtalemogulate 256 inc2ddes (1) desspreeding éheydatat

b tati 104. [103 T A i_nk i i | h i FI G
> but not | G8BBRS it BaKPDIC-rREROkY BealhES BiedBSory e duf apth s dont
on the par f;iagigh,ﬁ(g% G SR BnpleSTRIR RN Bfler WhQRbGan chdklcfizs 220

and 260 ma diTect various operations at the base station and
term nal, respeetvedala ahdpiloy oot their2@epentise 20de rehgnisds, |pndd(3) ¢obetsAY dat a

and codes for ntrollers 220 and 260, respectively. isqa
di agr am of dﬁmeﬁﬁeil%g tﬂFFafﬁar“é‘%]rﬂe@ AR “flﬂ’epg?ltt ?S&gl%eg 5 C%‘E)e%%%ﬂog{r: h%%hree%elbS
sequence uggRat O Rt 2salaiag alpléhienthasaesteativanthal-elin Iptocdls amitiple
cdma2000, the PN sequence has a specific data pattern and a fixed | ength

of 32, 768 chgnpkinstances (emohltipathspinghe regeivehsigeduisrlescedbglonssi gned a
respective [f&ﬁhi pAi rrégéelée ?ﬁg) %Q{arp‘f%ﬁ@e%@&i 758 then receives and decodes the symbols
from demodulator 256 to recover the user-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 cdma2000, 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



to a specific phase of the PN sequence. The start of the PN sequence is
assigned a PN WD 03/030391 PCT/ US02/ 31776 7 chip index of 0 and the | ast
chi p of twe oBMBsenuence is assigned a PN chip index of 3PCTAKRN2/It1R6 PN
sequence may be conceptually viewed as being placed on the circunference
310 of the circle, W|th the start of the PN sequence being aligned to the
top of the circle (i.e., PN chip index of 0is at the top of the PN

| Al th h nf er, 310 | d
Cht o 5b 7650y BNy RN dRHICD gt B IHBR 1S Aoraed dopN b ingek B1°
respective FNgNi prenPRX s&c{}leﬁce nfhy’ B8 %ﬁ&éﬁf@alﬁf'\'vmeﬁs bég pla&bh Gk the

PN sequence I's traversed novi ng around 't he circle in-a cl ockw se
direction edlmuglfe:remacbﬁﬂf()ecufdhc eirGleOwith 108 Shrt feif Gre BNaﬂeguemh(bmgeahlge@th/@d

si gnal 320, at ayi er rr onding,to.a
nunber of stPE]r? ch?e7 SPIPH'ﬁfi?’?Bg st tﬁfﬁ(@P?g&ﬁ%\? ﬁgﬁ) ﬁ‘gb ugh ot
envi ronﬂentsho@nflﬁmrﬁ cifeahufaéRe 33069 lﬁas@asmomem &vefllyasph@ssieopitatan@n may
arrive at the termnal via a nunber of signal pat hs. Each base station may

al so, transuach pomheormsmmsﬂp@l resgeghwaPN chtuindex éld= S igspectye B¥pbaer)ndhen

whet her or ,not I S,Qperatin in_a HALS r e
recei ved sﬂﬁ?’%]f‘ glthﬁ%ﬁ l?er?lcﬁgsl tr?%?rsegoﬁlp% \émg tﬁ%’ tP}(I qg%nc%-gﬂ%%{wgge or
nor e forvvardjreeﬁ@&uh}ahgdlrangﬂegﬁnaegmm each of one or nor e base stations.
Each nultipath in the received signal s t){ pically associated with a
respect i ve A83Hi t ublS- priseshouna raquﬂaqlgnq re0: §trpseping. davipg;anumpgradk

di agram of Ral2kE-EBERUNE" 1022 MnARPI! Gl hiTARTRDE M Rl RY! OB P! S

and enbodi i on. ecel ver e ‘use

i mpl enment dﬁﬁm@adl&tnorroﬂﬁé‘my\a fdwvlard mbdtillatatl silMial tnansﬂnmxtifrbmla)basastdtim trfaiyn
base station, 104.in FILG, 2. cei v 5 udes a searcher 410, a
nunber of fAHYeRtt %F%E‘é‘?%é’%asa 2'11’2 er, élgé‘a&ﬁ?ﬁ% ﬁétra 190 512y @ISO ATADSME, £ j ¢

desi gn, ragcﬁler&ql%mgle le fRGAd rhd&héﬂ&?ﬁgﬁdlgme éﬂdi'19§6n WHeERS 8Phs if Is &peranl}{g =

8), althou ot her signs wth nore or i nger processors may al so
be used. | ﬁﬁ&?ﬂraﬁenedwemltzﬁmdm niys; dwsre(sevgi sighall atéhs tqnninaérmﬂyl ¢amepriset he

recei ved si uadr at.ur e domnc nveris ondl ned sighal, and

ot ] sas: vl indaRs A 20S of SO PN Polifisd Shmals 0 5o &iihsios3hote,
quadr at ur e KUREEBHE" RN AORipihdint tI?eaf-dc@iﬂedr%}gnaD@s PRfida0y NBdodifted aWitOUS
manners, depending on the specific design of receiver 254. In one receiver

desi gn, t heespsadya nogrithdei pisae, and agivaditimeur e downconverted to baseband (or

G gt basebgis t fr@. £ R btk REdh or A8 receARY 2568 ARBRG Whptd:AAnE ar @

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., M¢ = 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



provi de the data sanples. In another receiver design, the conditioned
signal is downconverted to an internediate frequency (IF), digitized, and
di gi t al | ywguwaas@bur e WO 03/ 030391 PCT/ US02/ 31776 8 downc®@aTAarshEsi7re
baseband with a conpl ex sinusoidal signal to provide the data sanples.

[ 1038] The data sanples fromreceiver 254 may be expressed as: D, (k) +
JDQ(K)k).ej Q KT, , Eq (1) where D, (k) and D. (k) are the inphase and
guadrature data sanpl.es, ,respecti.yely, at sanpl.e ti.ne ipdex Kk ( k)
T e |t HIUICPT A 1o OFS RIS i, B ogiia TN OrS Edo B salich WpN
phase of dig icch includes the PN offset assigned to the transmtting

base station as well as the propagation delay for this nultipath; eb, =

29r 4f is t HA03%leed ToE datatsampgaﬁfomrem@eﬁﬂhnmbq ¢xraessed gere L\f,. is the
frequency error of the i-th nultipath, which includes the Doppler

frequency shift of the _nultiRathsand the frequency error in the
downconver si on opzﬁlﬁé’%é@ﬁgsé‘?idﬁa#ﬁ'?g baseband; and TS is E%Q)sarrpl e
period. The data sanples fromreceiver 254 are provided to searcher 410 and
finger processors 412 of rake receiver 256a. [1039] Searcher 410 is used
to search fgerstrong nmultipaths in the received signal and to provide an
indication of the strength and timng of each found nmultipath that neets a
set of criteria. DE&oharid Rgék) pe decinpbasesnd quagratihie dathsampleis gisenectivelpr icess
a respective nultipath of interest (e.g., a nultipath of sufficient
strength, as determ nsshplgtimedrderdi | er 260 based on the signal strength

i nformati on provi.ded by searcher 410). In an aspect,_ finger g ocessQrs 412
are al so used i nS{he)pisItht i-Hemultipath Brihprecervied signal anghisAsosiay ‘{)gllt . FN1040]
The search for nmultipaths is,typically perfornmed based on the pilot
included in each forphasel Oﬁtﬂ;iuwgicélding esathe B offsalr exsigned ta theolgnsmitting

mul tipaths, the data sanples are _correlated with a_|ocally-generated PN
sequence at various cPAspS@HOR apwelapthsmrepagation delay for (s Fb‘i"g’aﬁ}\l phases) .

Que to the pseuda LapAPMALUReR or IRER BE MR miilfacn CRHES) A ANuR! the

data sanples wt séquence sho be |I'ow, excep
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 also 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



WD 03/ 030391 PCT/ US02/31776 9 phase of the |ocally-generated PN sequence
is approximately aligned with that of a nmultipath, in which case the
correl atiwpos@3ibts in a high value. [1041] In the enbodi memtusstiavm i n Fl G
4, within searcher 410, the conplex data sanples are provided to a rotator
420, which perforns a conplex nultiply cbf the data sanples with a conpl ex
si nusoi dal signal to generate frequency-transl ated data sanples, which may

be expressed as: orl (k) +f k) =S (di, .k ta; kT, . e-] Is , Eq
(2) where @g?s_ei o {lqkelorqlﬁ/qéqgﬁa}% %Q?eglag’%“ﬁs%a?é’id’%‘?’)‘l&eh/e%ﬁa wigh %‘1% of dal
si gnal Use‘iind’lﬁéaﬁh,rln_v?}f?él-ﬁédéétlﬂa?&rreiﬁft’lbﬁrésﬁﬁﬂﬁﬁm hvaRs. . is determined by a
frequency control signal, FS, and nay be set to zero or sone other val ue,

as descri bét043d| owin tReteatbodinac0 shewn beFl{s.et within searehes 43Rathe covmiax data i n

the data sanples due to pl er frequency shift and/or S}
frequency é%B .Safelﬁrli’ﬁdegiqﬁ@em[aﬁoé Z@Qh@' hb%‘o% 5s rcgglfé?‘c%?‘wpgﬁgrg{ee%ﬁgat a
sanpl es mayakBles athUpdddeblekindsdida? vigniiNo RBASEE fregaedtyatanshteaiacdahgiasonds
to a hypothesis for a multipath, the sanples are stored to a sanple buffer
422. For eadhcthpepbhexpressedape eval uated by the searcher, the stored data
sanpl es from sanple buffer 422 are provided to a despreader 424, which

al so receives froma PN generaters 434 a;£enplgx- conj ugate PN_seguence,
CP'* (6S) , havilﬁgl@ g é&@@%ia%é;km’ "cBrresponding to t pot hesi s
bei ng eval uated. Despreader 424 despreads the frequency-transl ated data
sanples with the received PN sequence to provi de despread sanples, which
may be expr@arsedsas:thdaegienti lin tadibass) dfithe sorhpleRisihufdidal sighl @e@withid

CPn* (OGs) Eq (3) [1043] PN generator 434 may generate the required PN
sequence ORofafte 400y THIE fiéB¥encyehre] Bldtdamthdderype fRgudneydoatre] dgmelBeandf
(e.g., four) PN sequences at di fferent phases for l|later use. Typically,
only a par trhoubeset tuadbe br sdmelather wduny hedesaribedivaboe s Rethtdrot20enagphbe used to

hypot hesis, and only a same-size segnent of the PN sequence ne t 9, be
gener at ed GFMOY&PARSS, EJAHGH 1 éﬁeo ﬂé@esal“&’ﬁest Aue {9 p@?ﬂ’?i%r?gr?q‘feﬂ%ﬁﬁgﬁf?B&oﬁe nt,

512 PN chi : Pr@cﬁﬁ% @6 processed for each hypothesis, although a
di fferent E@@g?ﬂ%ﬁo&mﬂa saﬁ%lees may al so be processed. WO 03/ 030391

PCT/ US02/ 311042] 10Sinte ] salie tletkef: fraqupndyotranskatqsl dasa saihplohwiy beevapgedi r st
decovers ( Ia't %hr’ioun;lelJ{II ;Rxlalsees,s )eacthhgf 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 pn* (6,), having a specific phase, 8,, 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:
Ddesl (k) + deesQ (k) = [DmtI (k) + jDrotQ (k)] : Cpn*(gs) N 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.



despread sanples with the sanme channelization code, Cpitor, used to

channelize the pilot at the base station (which is Wal sh code zero for

| S-95 andwode@aB90) . Pil ot channel izer 426 then (coherentCyjusapsunul at es

t he decovered pilot sanples over N,. PN chips to provide a conpl ex

recovered pilot synbol, P. + jPQ which y be expressed as: N~ 1, + jPQ
Z [DTOri (k) + D o, Q(k)] . Cp,,* (O%?ﬁ Eq (4) k=1 [1045] The coher ent

accurrulatrontrrrernterval lsty c multiple of i ot
channel i zatlW] codEe deisgk # PLey atpl%’ g%“?%‘?la?% 4?%3&%‘?"10%‘33 ‘ihmPWé’ eértﬁ‘ﬁ code
of zero (ige§, re ansE tfsafift ABhdiaidiicddeeCial asednolchgnietife theGRrde
channel s are ann [ized with other Wl sh codes then the accunul ati on

over N. = am(h«; Pua{s)s sta(tmheﬁ'vehlﬂl s Walsh codd 20 ooy 18:%%end \ﬁéﬂn%ﬁm%vé’sloﬁ he

dat th t h th i|lot i t

o?t ﬁoggnal |e°{1§““8 4%%% &:ggggntéﬂaar?ﬁlérpg ?{35 tﬂ%ﬁ‘ﬁ*ﬁ%ﬁ%f“ﬁ%@ ‘?‘%ﬁy fitaSi on
through theyeg v‘f&’é 4 Q&nF]eQ iifeco[véﬂaﬂfﬂﬂo?- BAMH §X Gfﬁiéﬁrrﬁﬁly B bRregyabol s
are then squ e y a squarer 428, and hc square ilot synbols are

(non-coherggtly) accunul ated by an accurul ator 430 to provi de a pil ot
energy estimate, Epilot, for the hypothesis being evaluated. The pil ot
energy estimate nmay be expressed as: Nnc EpliO = EPie (n) + jPQ (ii) . Eq

(5) n=1 The nunper pilo Ol. o be non-coherent

accumul at ed, Nncl ¥ nééz’ﬁﬁré‘ @‘ét e’@&m@‘édm a?hsslrl ous consi der gé(]q Q’Xs

descri bed beI ow. The pi 8t energy estinmate, Epilot, is stored in a

buf fer/peak detector 432. After all hypot heses have been eval uated,

buf f er / pealf1eig]ect The 43Rrémyacbemdatiog fiat interyd ay itﬂmaarysm inrrﬁgedﬁmiﬁpleabf peaks
for the hypot heses eval uated, as descri bed bel ow. 104w1} nﬁ%ﬁ sors
412 are usdbe it channeligaiipmoendsdength o HdheRylok is chameliged Eéfaf

acqui si ti 0%;_? ralt'e:i’e c%ﬁgggfnggt 45%?8‘@} hil HeGdath: ofMthdi dih@acdief ¢ J:H!ﬁﬁéls are

processor , a sanples are provided to a rotator 440,
whi ch per f ehamneWeed Hifh3 0881 WAISH WSaay, 3het/ the Adcumudatinnl everniNl = p#K ol‘nps he
data sanpl e(svh\e,:\getlg al Cozrlrr% seoxoﬁ':‘)I e?i%gt?\l/ecli}? lrerr?(;vgeg ?ﬁe (ia?a gre Hx%roadtlg 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
N, squared pilot symbols are (non-coherently) accumulated by an accumulator 430 to
provide a pilot energy estimate, Ep;pr, for the hypothesis being evaluated. The pilot

energy estimate may be expressed as:

E i = %Pf () + jP," (n) . Eq (5)
n=l

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, Epior, 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



frequency-transl ated data sanples, D1 - rot! + jDf rotQ, as follows: D1
rou (k) + jDfotQ (k) =Y S(G,k) e ;kT, . e-l@KkT" , Eq (6) where @ is

t he frequwoag/0gism r adi ans/ sec) of the conpl ex sinusoidal ®Ccgresb2/sied within
rotator 440. Each nultipath may be associated with a different Doppler
frequency shift, and rotator 440 attem:its to renove the phase rotation of
the assigned nmultipath due to Doppler fllequency shift and downconversi on
frequency error. The fre e conpl ex. si ngqﬁoi.da si gnal used

.requency, @, of t
Wit hin rot & grmplen multiply CgstBP @a&aesaa?p?qwt?@e &y snpsqgl sighal 1q ginaraig
assi gned i h (] ' = .pn The _f Fequen may be determ ned by
a frequenw{eég%?c&r(}r E(I{S%)ageg %#Osamvﬁ? %thl—g’” Jeisﬁgfr—r"ﬁégygoé OW. [ 1048] The
frequency-transl ated data sanples fromrotator 440 are provided to a
despreader 442, ic | sp recgi Ve - Q. , baom @PN gener at 4) a
conpl ex- conj ug e_rF?legJé em@@)ﬁ‘é@ﬁ%'f] haVi ng a’ phase (?F)Eq &
corresponding to the arrival tinme ‘of the assigned nultipath. This PN
phase, B; , is identified by searcher 410 in the detection process.

Despr eader wifege dBSRItBaHSqUdACyY (iheadiemntstc) 66 campldxdaiusoidalnggral usad withihhe
recei ved PN sequence to provide despread sanples. [1049] To recover the
pi |l ot, a pirbatorcdanimath mmitiphddmaf be assodmcaiveitls a differele Ipoppiat freguenslyesbiftyi t h
t he sane channel i zation code, ilot, uysed to.ch elize the pilot at the
base st at | GRY TSP PSP DURIONE die Rizee BeiREree griigredsmmipad dbee a
particul ar j Y | v&lcb N erd; ' OVE e Rich@t SYrgpol s.
The pil ot a %[ﬁjaét %fﬁw%lﬁﬁer%ldnter&gﬁvﬁrgsle?g%@égﬁ?y&gﬁ inteeg%(&errﬂlt’ti’ﬁl e of

the pilot ghappshieakhRBidaPsi@nilang Rillin Sotator M40 Ts A Kstinhierdf the fqadhey
i nteger one or greater). The recovered "pilot synbols are then filtered by

a pilot fileer, 446 foo ther essighedpinbilsipaths Giewatks.d),).1050§ fiequensyoviés mape bdat a
on a particular code channel, a data channelizer 444a first decovers the
despread saletirménedibyrn fremenemneontiol nepl459awhich ixdrsetibadielowised for the code

channel bei ecoyered nd f.ur r eLV npl es
over the I[Eﬂﬁ]h o:rg? ﬁ’édqgﬁg%ﬁ%%s*fzageﬁ %aﬁg %%ggi,eg(tfﬁ%} tf?‘%“’gr‘%@ i %é?)g%‘gg&gﬁgol S.
A data denuiispeider 4404 8yliibleralscedicives (@izd ftonndUuPNt gmetdi dbt)aa pnipddxs wi t h
the pilot estimates to generate denodul ated synbols, which are then

provi ded t aonjughel PX sedicnes, @52(6, Syhuviig a ploasbi fh eror§ondingetoes amivdl time
coherently conbi nes the denodul ated synbols fromall WO 03/030391

PCT/ US02/ 3lof 7ihe atdighédgriltipatinc 80PN piiideads, gnidentifiedpby cesshet HH Or imcthiev ed
signal, and provides recovered synbols to RX data processor 258 for
further praobéssbmgrockse dXtspreadennddld despoeadaribie frequency-translated data samples

with the received PN sequence to provide despread samples.

[1049]  To recover the pilot, a pilot channelizer 444b first decovers the despread
samples with the same channelization code, Cpior, 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] To recover the data on a particular code channel, a data channelizer 444a
first decovers the despread samples with the same channelization code, Ce, 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



synbol conbi ning may be achieved as described in U S Patent Nos. 5, 764, 687
and 5,490, 165, which are incorporated herein by reference. [1051] In the
enbodi rerwogbos39i n FI G 4, frequency control |oop 450 i sPpr@sodad’6 i n each
finger processor 412 and is used to acquire and track the frequency of the
mul ti path assigned to the finger procesi r. The frequency error in the
multipath (i.e., the Doppler frequency glus t he downconversi on frequency

error) is reflected in e hase rotation of .the.pilot,, wt. alarecile(i
frequency &Mmegk P@6?$8§p%l:}d?sﬁ%“f I PRGN FefeE ¢ ot 0 1?18Y1§?§ Bovere
Frequency %9&#%}3@ L@g@gﬁg@o&éﬁ%%sl f6r FReY Petedidd. CTHE A6t HeoaGlabn addd a

| oop filter detector provides estinmates of the frequency
error, Af symbbl témbiagg gagdenadhidvedtas, deptrited imal).ShRaignt Blori Héed.6H5end on

t he phase diff{erence. .between consecutive pilot synbols. The loop filter
then fil te%ls‘{%olﬁf?”glfﬂ@ﬁ%?c%‘fpp ed helein DY FEIETNECnr vi de a frequency control,

Fi, which irgod1di Ca in¥ @nfodiriéht SRWIRE BIG. 4 E@qu@f&‘y)éoﬁtrrélcmgﬂ) n50 heprasigegned
mul ti path. Rotator 440 receives the frequency control and adjusts the

frequency oh datls fingemprocesspndddiaad!is disghde apquirehand fark shcefregupmontofghe  in

t he opposite directi.on to redu he fre Lror ; .
rotation) Jf% lﬁ%tg aﬁﬁg?ﬁdptgtth? ?Eﬁgrqérgg%sg&f (r}g@{:?r%%l? b3 gﬁ‘g g%gﬁ?gﬁ %Ilﬁ:ﬂgt?l l'f/’l’ﬂ:)ol S
i s descri bgge iDbpblert lheﬁl%l luk thé RoWnSonvesicn fredylcl aaidrpis Heiettad ihidhe

[ Att orney Docket No. of 10469], entitled "METHOD AND APPARATU

: . . .FOR
PERFORM NG PhREQotatioy mlle%@mmﬁewwmwcmﬂSW?ﬁbagml)@‘rsat? N A
CDVA  COVMI I S e, | ~ ' dv etekiae
assi gnee of pt%‘A;el‘_3 I:)gr}gleﬁs%%{ht a %ﬁn%ggtsﬂgﬁqgﬁaﬁg}g}%gyéggéd%ﬁgzeﬂ&glyyrefeerence.
[ 1052] Aspeglis 166p filer. i Theadquencypdetasitsleproeidéwestumsestod thacfiequercypirtart 4f,over
code space and/or frequency errors. In one aspect, the pilot acquisition
is perfornmed thsiasggmed muitipath, ofhish styabe sieteamihed drasedbntthe phedssdisfgeancar e

i pelined and f din, I i dj.f.f t. ' | ts t
Chort en t ndRuia SHEPORYE BB VPP Bus T FOIP Pt s F1E6h e EMRLCh AR oo

provi ded t QsagAlkrs plobRieSa UsdqendMbéAtRILE Ff ewhich ik Wallicafiages the Eawhaed age
of a nulti-stage schene may enploy a different set of paraneter values to

i nprove t hefrdqukadyi ¢rowdndhe pisigied anejtipatht iRsiatpoA4@rdceiver the Bpmieney prptrol
e O e e e e L
03/ 030391 REThdISPpdshd tlctiditd &abad therfraiendierr@s@ad the phae frodation)astghe of
possible rmeu ltjiggt(k:l}/ Fef‘fr:({u%;gy Irgéh;tlgh gasgzi logtttsle Ipislot 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 multiple (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.



divided into a nunber of frequency bins. A nulti-stage acquisition schene
is then used to evaluate the frequency bins, and one or nore stages may be
used for waamb/obi3mt The mnulti-stage schene may incorporat @CThEsopsPed i ni ng
and parallel processing such that the searcher may performa search for
the next set of peaks in the next frequggcy bin while the finger
processors attenpt acquisition of the current set of peaks found for the

current freguency bin. Various aspects d enbodi nents of t.he,invention
are descri lﬁb@ﬂn yk’tﬁntoﬂ@r agpechitihe Wl rapee ‘%IIR%%%H)GI f?ﬁ%ﬂﬁlécx SO i the ?ﬁﬂt(%tls awar e

of its | Oc@ﬁ\hﬁ’&i anps ﬁflmﬁéﬁs&ﬁf@ hid® Hifs. 9A mull@lstdgBRcquiditibh 8¢hedfedy tigntused at
power-on), then a fu searchqfor the pilots may need to be perfornmed over
the enti r e tébvaoate tispheqienyia binsumdsaiverrasonreyagdse mayde ysed fereach hin. Thear ch

for pilots. In one schenme, a sequential. search is nforned oy ntire
code spac&uldrsfagp SEEs BN glcgﬂggge ithep%{P?slfrBﬁg 3‘?‘1 Eﬂglﬁ% P r?%:?s‘ég% %'1%%’ tg%][ghg

provi ded agefef&dhfOperRRAKSscatiCtoR iUkt édt OP poERY ih iR ndxe freljlicvopbadwhile t hese
detect ed peaks. In“another schene, the entire code space is swept during a

det ecti on shefingeaptbcasgud aftemps acquisitionedf the cemeritseidoimeaks foupd fr theypusest

peaks found during .t he,detectian step. . atire
code spaceqfeélu%%é{gl?mdu ?ﬂ%usaasc?sgf}%catn?oeﬁn ﬂsotraé%?ﬁt?a%z ce)‘f‘ggveﬁ)‘gg‘{’:gp%gﬁgﬁg‘ge‘gl%i ng
the det ect ifginerldeniliteldwe- eval uated during a dwell step to find candidate

peaks, and acquisition is then attenpted on these candi date Peak?. Q
nunber of gl seHrthp tergupad fgoinayare jof dts Jacalion ndfep SYHFR YRS (& atrdhie

aspects an i f tj I o
schene Megréﬁgpt%ﬁded@ﬂ{n?rag S gog geégﬁids?@\l/\g%fﬁcgﬁﬁg tgcg?fglgﬁsg?aggé“efghigr ge
r e- eval uat g@drforméd odertthe eadredPN abde spaks arionkischeraesomiy ibeivsed far thédwll

ttenpted. [1055] F|G 5 i f1 ow di f di ment_of a.st 500
Chat Ty betHSRAY Flstsel &l FBFmEnSaBeI S BBkt ug: B a0l Bihe
space. St a%%%? 1l k1 96End RE a phbictiaf eherpy dBE8RdId AHVPhbvidenss Betetted N

subst ages. et'ect and dwel | substages perform a search for peaks over
t he desi gngteeks, andeacgpiamn may thénebpwttempiedserb shesgalefpeietlopanks. dacanodieri on

of candi dat e, peaks over frequency errors. [1056]. For t 2C 1. ge,
the entire SEB‘gﬁe’ég%E’étlermggggaepgr% RREPY Céminﬁﬁ egf“h?n S(tﬁp\’/iq Celgg(#uﬁf%mz%;%re er of
non-over | ?pd?tieﬁx?te‘éloéir? aSRY . NAest Peakd find IdirinEhile nietsoa6n Gfep. ChdgetsapiRnt S
and the size of each code segnent may be sel ected based on the specific

desi gn of tsehersazhe leatire gusleaipacsisnpyapt fdyFing af datectioaziieh 4 5t (05 Pgaksaipynd

e e TR G e Rl B L Byt Bl et e
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.
[1056]  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 cdma2000, the

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



14 each code segnent including 8192 PN chips (i.e., W = 8192). In an
enbodi nent, the four code segnents may be searched in parallel by four
search urwD3m8a3hi n t he searcher (each search unit may becrnshzsemn ed as
shown in FIG 4 for searcher 410). Each code segnent is then searched, and
a particular nunber of detected peaks ar 3 provi ded, at step 514. The
detected peaks are typically the Iarges peaks found in the code segnent.

egmont . - iAcmCOCreRET et izt 98dES cbiEn (phak T & gPodr AT EE oot
substage fqful QRe kQfefiOHBy be GBS ;{a}fﬁféﬂ)%/ F&ur skieh @Yiﬂé itBHOHE 8@Rched

search is perfornmed over a vm ndow centered each of the detected peaks,
at step 52 Z{eac]iksesrchvuntﬂ ovayi edimplesengedsaseshown in G et fafse@shercH0psEadharode he

d t , 5 PN ticul
nunber o henga e SRS RIS SaREe! rioaplpeRb s no e o
sel ected ang, ﬂuovméeiéteceéd ;%al%@ar@%ﬂpmé’fb&h@@ﬁ@ééﬂ@é&sﬁ@%nﬁh@ codess 1gimbétat.cal ly

t he | ar gest peaks found f || searches byt dwel | substage. The nunber
of candi datle apgedific pmbodmwt bgﬁ detestedipaaks argmgvlégé foreppclp eodecigamenip atlché

V) ol hodGhohbke o P0 bl 2Pk 4 e Ml BERHA s g "

dwel | substsgggel{tg , depending on the desired probability of detecti on)
In a specific errbodl ment, a set of Miw = 8 candi date peaks i s provided by

the dwel | [30F8t agEor the dwiell G@%ﬁt%a?ééafébdé PspaEecd PYGSBVIRPY CHECKEIAL i n
substage, %Hh 89@5\5%&‘8&%@3%% 1§ sﬂeﬁ gkeac % PREbIEduiL £aRdle ﬁﬁﬁ&@bld@ftmpeak

provi ded by finger processor then attenpts to
acqui r e anchipsakar ﬂletdmdefsegmemr(eg anvirtdom ofgS @N tlhps assWgred). p/&qiarticzmiarst ep

532. Th f [ b h d f t
"nel uded | Y R {BbCndiiEe SEdt TERnAl EEGRST i1 S o2 HE TEh CHEHER PR ng
may. be achi Xﬁgecl%t &ells K% ROt Amldard ﬁé&ﬁs &Qaaqsd'@}ﬁcﬁﬂ;lﬁﬂlehﬁrgbﬂ(f)le&l@%uﬁd‘fdrhe

finger pro essor ‘but 1s not shown in FIG licity). If alock to
at | east ordl saroies by shpdalelli sslbstag% evdd nuased of epndided peaksspropided 3y thad

d bed h ul de
536, Ot ner bty HEh oty & Bah ¢ e e 3T blaRe PR PEBL 00 A 1 CT

actions may,ch@isitidR" .l g, = Mf):«‘ldlt*ﬂﬁﬁ £ affe drhRwet *gRditiAE Heakd @ty 4140DI]
FIG 5 shows "a basic stage that may %e used to form numerous pil ot

acqui si t i orprevidedbyth 1 pibsiage f,ﬂrg afependisg pnﬁlwdwéwob[am@wf duiectignl-ect
and dwel | s[%'lbasgpae 1 1Sc é"‘nrllg"od" m%ﬁlt, ta 5eP 5P X)Ide %@ﬁg \flgtg p%%ﬁ?%bf;ﬂobltd)éd %S/ 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 lock 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
Joop 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.

[1060]  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



pil ot detection over the designated code space. The detect substage may
provide a WD 03/030391 PCT/ US02/ 31776 15 nunber of noi se peaks, sone of

whi ch maywbe3esnspar abl e i n magni tude or nmay even be | arg@cTiusan3tihe peaks
for the pilots. The dwell substage then re-evaluates each detected peak to
verify whether the peak is due to signalsor noise. If the noise is random
and Iindependent (i.e., uncorrel ated), t%en there is a small |ikelihood of
two | arge noise i t e N { res.
Thus, i o afCERgsa Teusepelh SOk RE yter Sy BRETRbIRO AR e Bl e LS Thed KO,
di fferent 3saber thhn dripeakafpliespitdit.alThedwall subktigeghante-¢vatmmses eabiedetected

correlation of another set of data sanples with the PN sequence t he
dvel | subsPageta Befyethathis the Red isofuentsi %@%é’ék‘gls&na&h‘hﬁm%@h‘é IB]P%BF& ty
of false ' ti : i |
subst ages S ePediit 8% BPor AABE Incrindg iABRGH TR Rihook SF LA IR Y e
and Nnc. Thecpengaethersaiie BN phassen tdiffartre thoesh éPhusf in arhéplsodimenic dieedetast
accurrul ati on, and the paranmeter. Nnc represents the er of pilot  synbols
for non- poﬁéﬁié}%ellaé&f’%le%tafeorﬁmf?‘ﬁ%@eo ‘gfr g‘iéfeéﬁt §eﬁe?€3$r?éntp s QUEPEY fhnce
of the pil ‘?ﬁff&?ﬁﬁﬁﬁés@ Mhe Mk iR Yt RfotataRt bf iRs siplthiRRbRRisbidekcoby
detecting a pilot at various frequency errors and received signat

qual ities (Ecgweldpubsapperiuces Gie Suriserof diotsgrreakssinslihng thehpropataltisf|falsy  of
detecting a.ng I%. ilot versus frequency error (in units of ppmin the
PCS band).Pﬁﬂ ‘%?_?"in_FIG. 9 were obtained for two sets of paraneter

val ues and [pog1gcel uesh hBsRmemty #e deyecd bnd@iell Quisstagkd aftBackbhabcialiAvisthaws

t he probablll(;fy of pilot detection with N, ,1 = 128 and Nncl = 4, plot 914
shows t he spiraftvabies festhe paggmesrs Ne#nd Noonl i pasampior Ne sprosppfs iscpurmbeg of an g
pl ot 916 sh h ver Ly ' ' t age
Cchers t hatTnprboRe e Bl Bhdits 2hid the pipmBlel 1 WEHREA P hithnd drfaE! 20
Sihmﬂ a'ltoed ﬁ?ﬁlb})lfssfoﬁﬁgn-fa?ﬁdnait apeurhwlatian ¢ Ehasel pardmhéteds \detetinfrfeethe ppEGGRincés
shown by the plots, different sets of par ter val ues y, be nore_suited
for differ ohtheplgtsetestionorch mayde %?t%@gﬁbﬁ’é,m@??gﬁﬁﬁggﬂ@?‘&n%?% Aot of
Nc = 128 ang. = I Aot hivy dd ;) can detect pilots with
| ow Ep/L) an 0%%‘\3/ X é%yé?(r’rlgIﬁg@/g%e%?g%gg?ﬂu%guﬁ(EeetO)éct i'on for snall
frequency 41062]s. Elheissadiggramisbhopingaire pmbabiity ofdetestingfa sigle=pidof varsys Nnc =

8 has reduced sensitivity .but. provides,Lproye pr.obabil ity of tection
for larger Trequenra I 1Y BRE Of[&’é%lf] &ﬁs%@g@bcﬁeg%@ RS é’éﬁ%h%”ﬁe g)t?tfné’{eé over
the desi gnabedyd Q4e of PAGReBYaRibs nd a received signal quality of Eg/I, = -14 dB. Plot

012 shows the probability of pilot detection with N¢; = 128 and Ny = 4, plot 914 shows

the probability of pilot detection with Ne; = 64 and Ny = 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
Nyc = 4 has higher sensitivity (i.e., can detect pilots with low Ec/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 space 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



be inplenented, and this is wthin the scope of the invention. For exanple,
a single detect substage may be used (i.e., no dwell substage) and the
re- eval uawoan/oaf3oeach detected peak nay be omitted or perCorusez31776

i medi ately after detection (e.g., based on a WO 03/030391 PCT/ US02/ 31776
16 different block of data sanples). As _another exanple, multiple dwell
subst ages may be perfornmed to further l8duce t he probability of false

detection. [1065] FIG 6 is a diagramillustrating a. ran f frequepcy
errors overdiffprcatblpck of data pappley- A AGhensx31Bp ﬂnﬁm‘?‘wggﬁﬁsﬁ?ﬁﬁ B‘éBﬁ nay

be associ ag%gfosgg!é&]tozuﬁﬁé%&ﬁée\{ﬁ? ?1998@%@{/ offf%l‘gg H&BGYorShi ft due to novement by

the termn pendi ng on the eq and for the forward nodul at ed
si gnal (e.d106HCS BIG.oeisl audiagrhmaitidsttating \aebogs efyfresfuendyeerrdre pnerrvelich pihess

Doppl er freque hi ft inth d f | . t il
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downconver si error (since frequency | ock has not yet been
achi eved) . bandifof theeforwardngedwated segpak (g, PESr @ cellndy) el thepedacéty dfdhe ot her

CDVA . [ 1066 I . he. fr. i -
o Y S B mmafe BPatRRE Sl ol ob A HERSY Bt BRES b2y o
acqui si ti Oﬁp ) PerhO 4R Hph 06t %ﬁﬁk%rkgrbrrd%@ﬁntm. 6 taprBicaitsS HRWbtdl Nextpkéied 6,

the total guency error range o ppmis partitioned into three bins,
with bin 1 fomuendyngrer2d tooDegpler frpanenfy shiiqarewel} asrdoymsonvsisio fregiesey ng 0

to 5 ppmof frequepncy errors, and bin 3 cqvering,- 0 m frequency
errors. In erﬁ’ér(@ﬁ%ﬂ &etﬁ,}wc%ﬁ}%&as get Y‘?lg)ﬁ%ﬁ e\(ﬁdﬂs Arrégfteﬁgpf%gﬁgg?re%%eﬁgyhe

bi ns may orefRYmAPbe eRyRiddaBr othdOEDMAIYdidrhé.oni ng the total frequency error
range into bins and performng pilot acquisition for each bin can sharten

t he overal |[186@ui sin iapnaspeete the freavensaeirisage it wartitioned iifcy THIRST why be

sear ched 1} BRI EH 5%, 850 BRI bl bk OB Pl thifOrot e

. ( J
pilots int I I ex ear zero frequency

error my hgampRAMOREGnIFIGS 6, thanstat Requndp efruf taage o8Wapphr Bpaztitioned irrquency
error may be searched later. The 5‘pi | ot acquisition may be termnated early

upon fi ndi ribregitins; withrbin Aeonering -213 teetdS ppAHL fRguency 6HArS. Yin heeyieriag Oiten of

pilots may al so achi ev I i gk : I 0S|
particul ar ,5?1 PRE %ieﬁ%qureggﬁi%?rg%? gcrl %ﬁé (lfo\r('g%?éﬁ%;g?o% c?F r‘f"g@g&?’ )c/)erpdpggt}ls II]-ni 2 a
particul ar dehemyensynudibed of iffequitiyCliihd yhayeeforinad) @ndl thadars mhayiot inmy aft t he

frequency error, and the time required to pull-in a frequency error of 2.5
ppm nay be overlap.

[1067]  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 etror 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 particular, 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.



| ess 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
sear cher wpBl3d3dty with increasing frequency error (as ®oomso/su7H G 9)
and (2) inability of the AFCto accurately nmeasure frequency errors beyond
its pull-in range. WO 03/030391 PCT/ USOiﬁSl??G 17 [1068] FIG 7
illustrates a two-stage pilot acquisiti schenme with early term nation

upon successful pilot acquisition, in accordance w.th an._enbodj nent .of the

i nventi on. UWS%W@H&S‘@@%M‘?P&? B‘i"tﬁ@t‘}“lené@Wer%ltgeﬂ teremREP ; ange
. ; ! g

of fr eque”%f)ﬁ rsﬁ&f?%ul I%R{t ﬁ@{:{tﬁéi'ti%ﬂ; intdeBohREeRh BE fiffodBRE of HiROBSehtfors hOWn

along a ti I ne. processing perfornmed by the searcher being
shown abov&hihewd-stagd schenenuay he usgl traswimg petidWammeadgd pf faeuency gaors.
processors bei ng. shown bel ow the tinmeline. [[1069]. I nitj.all. ti T1,
the sanpl e FSGIAEY gl.egPr,O“E?ﬁ‘F‘g I poth PREE & £l£?)W“i opad h@&i’ﬁ{% ﬁﬁ) }VétHthgded
Wi th frequﬁ}?&iégsriﬁ’ SRriald by AP RErcHE b¥Rd EHoWR tB6ve areituRingi gh@lthe The
searcher then performnms the detect substage and searches for pilots over the

desi gnat ed prowesisppaéormeddyrthefingdrpooaebsordbaing swvp kedowithatimplingequences at

(& o0 ol 1050o) TREb AL SRE T P TP E byt de SRR R R 08

subst age an@atRer8Y Rabded @sh §Rgherly-rofabel dhet epipes degiaks fromhths raveiveligignahi eved
by perform ng a search over a snall w ndow (e PN chi ps) centered

.g., of 5
on each detldst saprghenkherrmsHrEme thgusletect sHBY 2850 ,argl]‘_i Wégrcg%saf‘?}h@rl(’tﬁr‘b‘(ﬁ d@%_ a
S boat e Geyighttih Zofd GRAMBLRIRRR Be s Bithiied Ril A tBhuchBe ROV ARAST 11 ©

enbodi nment , pgr anet er” val ues for e detect
subst age arphadds. =Foa® thé\detest dubstugel {8 seafhO2 provides en W&t of5 (e Mgar o)

w ndow size (in nunber of PN chips), and the paranmeter values for th
dwel | substdgifétedrsaliee The sporghenjeenp ,ogﬁc}hﬁ,@wsl? subsfage and ferey uq\ifbscfacb,O?t he

paraneter yal H@é‘ftg‘i pks= T%%?géﬁ fe ahi&ed vy ;Férrf?)\AYlk‘l;xlﬁfgghd M&Vﬁﬁér R&RRARIhady Of

pil ot detection rsmal | quency errors, may be the nore likely
scenari o. Theg.pHraldt ehips)atantsed on cabie ddettedtpeskib diragethe rewellasubstage the

selected to be different fr t e_for the dwell .subst.age. O her paraneter
val ues nay SgRCBerREOYidess ?%P?{E‘]n%’_h@é‘t éc83 C%ﬂ#&&&%ﬁksg?ﬂ? ades, and this is
within the goane 8f ohdi§peciecsthbRiiment] €fkhe fitst ktade, the patahetciwalles Stiheage
for the first stage is conpleted, and each of the candi date peaks from

thi s subst algeect substage greete £0,28aNea. P Aot Wad= B1P2, avhers Peds ihgeseatch ygagdow

B;?f Ieiﬁf);r sliz% T ném grd(;fﬁﬁr' tchip%f %nd Hllel ﬁa{rﬁnétgp%lf’i‘&efo% ﬁlepf\{lglpgd@ﬂgé e R. =
128, Npe = 4, and Wg = 5. As shown in FIG. 9, the parameter values of N, = 128 and
Ny = 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, Tpun-in, and a timer is reset to this value at the start of the pull-in subs;age.
The pull-in time interval, Tpupin, 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



time interval, Tpull-in, and a tiner is reset to this value at the start of
the pull-in substage. The pull-in time interval, Tpull-in, is conmobn to
al |l fingewompsossssors, and nay be selected based on vari ®a%/US02/31776

consi derations, as described below. A received signal strength indicator
(RSSI) is used to neasure the signal str%ngth (or energy) of the pilot
recovered by each finger processor, and 185 al so reset to a particul ar val ue

(e.g., -30 dB) at the start_of the pull-in substage. The RSSI . ma b%
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successful pilot acqu§5| Ion is declared, théen the two-stage pil ot
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base stati ofjgshéll. @ subset of the acquired base stations) to receive and/or
exchange data wth the base station(s). Oherwise, if a failed pi] ot
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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 receive 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 pull-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



t he detect and dwel| substages for the next stage is perforned in parall el
and in a pipelined manner along with the pull-in substage for the current
stage. Thwodenawspl and dwell substages may be perfornmed bycrhsoysareher,
and the candi date peaks for a given dwell substage may be assigned to the
finger processors for pull-in. The use of nmultiple finger processors to
concurrently performpull-in of nmultipl el9peaks i's supported by the
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for the dwabhepsubsh age s?éciﬁd"&nﬁ&ﬁﬁﬂﬂt, HegRaméer Wilucs B thd\ddtect sBbstairtbf\6 =
5. As shown in FIG 9, these paraneter values provide inproved probability
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T5, the dwell substage for the second st% e is conpleted., Pull Lﬁgﬁj S, then
per f or med oHCEHEBEY SFOTShWhICh ARaYRe the gaoig dikply seenaeie sHireaqauigiion failsdder thee
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descri bed for t first stage. ime T7, the pull-1n substage for the
second st agaibbtages, aat this wivtithimtheisnopeoadtthomverdtionei t her a successful or a

failed pil i siti I f il ot iSiti i l d,
then the t PFEI" rhiyiindrche bl SERTaRerios fin BhoRbdtreci B Et PRERTIY e
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exchange data wth the base station(s). erwi se, other actions may be
perfornmed. §1008Ts Asdmatydet pesiovacd éngimiler mgangray thae desesibga &ef tho first s@eof f
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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.



that may be acquired, and so on. The two-stage schene descri bed above with
two different sets of paraneter val ues provides (relatively) high
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frequency c , Fi, toits rotator 440 such that the
frequency-t vanes of &d =d28 andnBices 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, Tpunin, 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 T4, the pull-in substage for bin 1 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 to receive and/or exchange data with the’



are centered at approximately DC. Each finger processor then perforns the
pull-in substage for the pull-in time interval, Tpull-in, and its

f requencywomaswb1 | oop attenpts to acquire and | ock to tireTfusezsency of

t he assigned peak, starting at tinme T3. The RSSI for each finger processor
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pull -in substage for bin 1 is performed by the finger processors, the
detect and 8%‘% substages for bin 2 are performed by the searcher. [1085]
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Pull-inis
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 Tg,
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, Fi, to its rotator 440 such that the frequency-translated data samples are
frequency-translated to approximately the center of bin 2 (e.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.



perfornmed on each of the candi date peaks fromthe dwell substage, starting
at tinme T6, and may be perforned in simlar manner as that described above
for bin IwoHemsnser, each finger processor prepares to pr@cCeasobsr’@ by
appl ying the proper frequency control, F;, to its rotator 440 such that
the frequency-transl ated data sanples ar 3 frequency-translated to

approxi mately the center of bin 2 (e.g.,““2.5 ppm. At time T7, the pull-in
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and Pagi ng glamehsli-ahgopitbt QEquisition bélene terminates and the terrmna] 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.



stations. Oherwise, if failed pilot acquisition is declared by all finger
processors, then other actions may be perfornmed. [1090] FIG 8 shows an
exanpl e twop@e/sw3age pil ot acquisition scheme for three fPequSary17é ns. In
general , any nunber of stages may be inplenmented for any nunber of bins.
For exanple, a two-stage schene may be i%fpl enented for two frequency bins
2 and 3. Moreover, nultiple stages with different paranmeter values nay be
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- 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 cdma2000.
[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



that exceed the lock threshold at the end of the pull-in tinme interval. For
this enbodinment, nmultiple peaks fromnultiple base stations nmay be
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pr ocessor h&%\f@f&ummﬁe%&e&g@@ folfBhé &teeps&@taggﬁi@%r& sdefl a§‘:Ch' eve as
much paral |l el processing as possible to nore ly“utilTze the avail abl e

har dware. [1096] The detect substage perforns an initial search over the
desi gnat ed code spacd\Igd\Ijl N, ﬁfé( For a speci fic searcher de gn, the
search over all Zrtecg , g éa § may be perforned FaParal 1 el by
a correspondi ng nunber of g four) searcher units. The tine required
for the detect substage may be expressed as: Tdetect = Nc . N'c W + 128 =

53.4 msec , whbe (NN, 845D I@vy\h%ﬁ% I\ﬁdl\tﬂ&deholﬁ'ﬁﬁatowf - ﬁ:lijggﬂ el {1 @e speed

denoni nat or of 64Fchi pisrelated to the speed of t he”sear cher hardvvare
The factor of thi28arelerdiandvsaré.o r"rhe\fartheaﬁjlz&a@ounts doif pteirhaag (elge to Sl the

“ncr eases | GHIPF AFGBnNEe SRR ASTPTIOR ST LP. F Feleeh e dbsRins forg.

[1097] The gyglN, %H@Ntngaﬂdf&aqu@kyﬁﬁeéoce%egn&ﬁawspr ovided by the detect
substage to fedlce thé nunber noi se peaks, which then reduces the tine

requi red fokl09Rk %bﬁ@@ll@ﬁbsfimﬂ 116 qvmugt@bgacég@ak pPravaded icihe dptﬁ@tcﬁ@b@@gestodo

not need to he ass

dwel | subst SJECS | g}llél et gf Erg)?s%gg ’t ?‘&,J.ﬁeﬁﬁg rel&s SRR flle reaﬁi 0 B8 ufene

subsequent pull-in substage since finger processors do not need to be assigned to these
false peaks. The search window for the dwell substage is selected to account for the
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 nomiﬁal value) is used for the dwell substage, then the maximum amount of local

oscillator drift that can be tolerated may be determined as:

106
_LO6 ) Tdetect = 2 ChipS ’
1.2288-10 Eq (8)

o =46ppm .



worse case drift in the peaks between the detect and dwell| substages. The
perceived tine drift in the peaks may be due to various factors such as,
for exanpwe,03psmodrift in a precision |ocal oscillator u®ed/use2provi de the
clock signals for the termnal, novenent by the termnal, and so on.

[1098] If the local oscillator drifts by ppm bet ween the detect and dwel |
subst ages, then the peaks in the receiv Si gnal w | | be percei ved to have

m)vedrelat etlm of the ter
Chips (1. o.L10591 Pt ﬁ%%%mﬂ? Sienét B o o vidp e SRR A Be gl
subst age, ?e{swm vea éle%'t RS Ginkd 2 rnsthll tRok B @kaxp@imbe
toI erated n‘ggp%lge(hgee rm ne 106 T = 8h| ps 1%6288 106 detect Eq (8) a
= 46 ppm . m@@/@fsse@knvm/(wozmmzﬁgh speed raidd)] thefdrifhdn tthe peaksl mAY\REs at
arate of j@ relatjve to the base station, then the peaks wll also be
per cei ved tGEHIRFIASved rel ative to the tining of terminal. For a maxinum
vel ocity of 500 knmihr (e.g., for a high speed train), the drift in the
peaks may be det egmmﬁuar@ 280 kmhr  Td. sec tect .1.2288.106 chips/sec
0.3072 chips/T Wél%%tlﬁ dtipy/segiw 0.307dghipsTaki ¢ FEG @) | ess
than the dwel | seSIQHYRE HEb ¢ with two chips on each side of the peak.
[1100] Ot her wi ndow sizes may al so be used for the dwell substage (e.g., to
account fo ! fh AR hE ULk siub8f it E'E'On
[1101] For ‘é’hfs)?hgsgll siet(ﬁzlglg[e}%)rc é&glgﬁ&%\grzg% t he c}ilg[}tﬂsectea1 Eleaks f\(g)‘ré al
four code [slelgme nt s{)thaywﬂndowesues' aialyaaﬂwdnel useq fordh¢ divebyulistage (sgate mpuntnl ts,
the time required for_ the .dwell bs be expressed as: (N N +128)
Miet T dwel forqthe r?ﬂ%rs?ré‘gé%ls @d"‘(ﬂ’f@)t Wg??{%gﬂvé?gt ‘1‘86 4 As shown in

equation (1Q)o1f he pdpal slpeélflg%edr@l?err%&%‘ﬁ &meﬂyathg RetebRdardkdN ez allafdr tddeTor €
detected peaks are re-evaluated (i.e., a larger Mlet)
‘ segments may be re-evaluated 1n parallel by four searcher units, the time required for

the dwell substage may be expressed as:

_ (NN, +128) M,,

= ="7.8msec . Eq (10)
el T 1 2288-10° 4 1

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

[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, 7y, of

approximately 1.2 msec for a worse case frequency error of 5 ppm at a worse case
received signal quality of Ecy/I, = -15 dB. The pull-in time for the frequency control

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

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

Tpin =8 T =50msec). A longer substage 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



[ 1102] The pull-in substage attenpts to acquire and | ock to the candidate
peaks provided by the dwell substage. The tinme required for the pull-in
subst age W 03@a13er m ned based in part on the design of thecCrrusquasricy
control loop. In a specific enbodinment, the frequency control loop is
designed with a time constant, T.1, of efé)proximately 1.2 nsec for a worse
case frequency error of 5 ppmat a worse“case received signal quality of

Ep/1o = -15 dB. e |-in tine for the freq ma

esti mat ed a@aqdl“i}&gt‘ﬁsg‘g#rtflﬁ%eﬁ JeRpisHigRAL &Rea{( tlf 1¥3 Q %Vmg Pﬁngr)e aéﬁg t he
pull-in i flﬁﬁd\kféﬁm Rsdd! tb'ﬁ}oﬁbl@%écﬁG&i pRe %lséekepb&ﬁneﬁmelagatsotdnnemex he
loop pull-in P i.e., Tpull ;n = , = 50 nsec ). A |onger substage
pul | -in ti megriomei (prlat;n,g~m0dpﬁr (mﬁlydbs as$q¢gatedj iwidr she yampe ¢ difigreng frequency

ah | ] |
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control | oogn tRRYexpt&ad bgbrﬁﬁﬁg @ﬂaﬁlom t RorBxatnipld, & vﬁé@Io@bIUagdwmﬂﬂmay biiisdd each
nmode designed for specific operating conditions. For examp

frequency cmtthelfirsiosipeeniy apauitee BilefA caDofteth thaye dishs Epn/brbmﬂhlé(via?ﬁj a
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acquisition T de Ravi n e narrow andw dt h
used to prositdequeat bagsh ﬂ@f'kﬁﬁl&lrﬂ(pﬂsa afpeeed whuwswbaloﬁcp/hr’mht smaﬂrfreq'ﬁhm:y

vari ous operating nodes nmay be associated with the sanme or different
frequency ®é9Ector designs. Also, the particul ar operating node to be used

may be sel egﬁg\d 3??}1%‘1‘ ms‘f a‘j?@ the nﬁf’éH?@é ﬁgﬁlﬁaﬁésq{a'vgﬂeérpﬁﬁchbéﬁ‘ﬁx tl'f@ﬁcq%i%?tfﬂﬂ e a

wi de | oop ban used or t first stage to acquire pilots
expect ed t oohpile@s. hﬂlgtgefﬂrpi/ these lmhmno&mlayy)eltacagm a¢quequmadypee®ﬁ ggeal. died a

nore narrow | Q ndw dt h ma be .us for he secand and subsequent
stages to aE“d\lr?‘rE’e %ﬂ \c,ﬂ‘% E‘B?ﬁ ngq o ok p 8% R OSHEN V‘g)lllgcgubeency
errors. [11044 1%{%11&&;&% tt}iat H¢orpdent tﬁéetrEMEm&uesuﬁevmtxﬁemlgiem|ﬁeed

for the ach|S|t|on pilots. In general, these techniques may be used to
acqui re anyatqued.oflhe |11g\f¢atlve trehnigudsi Ie%ealtsﬂ b% USQChf@f pHetsdBaiiangeaigd,ip avhich
searcher and fi r _processor woul d be t at
the transm %Sﬁéﬁeq Seal?cf)ﬁn%%é)r%ceésorﬁ ap 3 g{u r e%rgl?“‘Ph‘Lﬂgt thggf&?%/sg?gd

t echni ques {g%ér@k@gib@tﬂésiﬁ@tfymloﬁﬂ ots that are gated, in which case the
searcher and fi nger‘%ﬁrocessors are appropriately ti rred such that th

processi ng [¥195per fAkender cdarity hearigus atpepts ppd smbodimentsmt the dyentign }E‘l"‘égﬁr&/,

ML aspgel gl (Po ﬂ?%%%&t £nlln 19195 eﬂl\ﬁegﬁlﬁ%OBav’?h@ggdhisition 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 prior 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 cdma2000 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



described for the forward link in IS-95 and cdna2000. The acqui sition
techni ques described herein nay al so be adapted for use on the reverse
link. InWw60983@ad cdna2000, each term nal is assigned aPsErendbi’ng code
used to distinguish that termnal. The scranbling code is conbined (or
multiplied) wwth the PN sequence to genﬁrate a spreadi ng sequence that is
used to spread the data prior to transmssion to the base station. The
acquisition of the signals frgmthe transmttin er.m.na i eved
by sear chi n%tOB‘?)Sé’Flga%r?gref‘Fl?i‘B{ea CHYE SBFAR osrearngE% e s J}IGZ?%% %{e(figansag%g
detected p@aksamMihg BediBicd edihw-CoMXUnyRhe of thBWN sdquentry. t hereafter be
performed on a nunber of candi date peaks to acquire the frequency of the

peaks. [110810The (ToeHmloyreguisition tedbaiiupe deschbemh el gaydeHaplemented dyyse
in other CDVMA sSysiens, h : i in
W DM | 5.l B SRty R ERafip, e e HRLES Ty B0 hE BRRSAG
"covering" sfiwhré ofal Simbieddni thert&E B alnddwardzpiindnsatipnyiheallandntd osed
"spreadi ng" with an orthogonal variable spreading factor (OVSF), code in
W CDMA, - andfor spilob Agawgition (e1g-t e sPNCBEqichEBSFmPIOSesssrshmeny Bedaplsanied

equi val ent " S ling" it b aabli] q 2} ?% T
t echni ques ggfsutl:lr ?ﬁ%g;t‘) hljgp%i %Mr%%cgt I%é%gé apt ég@grgﬁaglcg%%? ng;féfls e iti‘ﬂfgi e?llce in
si gnal WO Op/o0&9&3 1(INPE), USQRABLigHA pidéessingcémdien g(DIRIDs) e pargodmamablhdogicde

space to be search be determ ned based on e.scranbli ng sequence
coed i n W cones LD TR PR PRNSE e ey TEB S BRPRaE. SEARPLT on
techni ques gessibReshdher fidopYesBsis! Hle NBRRHiDYinity ekighed W8 aRsforfiOthe
exanpl e, these techniques nmay be inplemented in hardware, software, or a
conbi nat i onfunhéorsalescrfied hareimodwaembinatibe thergodit i on, the el enents used for

pil ot acquisitLpn (e.49., the seagrcher. .and finger. pr SSO{S) »

P emont oa LB i 195 o, BEAER AT o, WRRBRRIsQE PR I8 ae WS mav,
(ASI Cs), di g tiplembaibalwitiPheeass .8, ploSRENes, Airgtibad, 280 o @h) a0 eSSt the
devi ces (DSPDs), programmable |ogic devices (PLDs), field programmuble
gat e arr aysfyprpopssdesciredcheseinr dhesofiwaest ¢ases may fecitered g pemery it (e.g.,

m croprocessars r i t t i ons
descr | bed nararr 2o HFIE, 3T AEPEuTENS 5 1Gg) SRR B} e hitRY
i mpl enent at 1616 mayhise Bhsemeiitsd whthin flgr pitssdr aceutesial tothermyceshe, imphatent ed
wi th nodul es (e.g., procedures, functions, and so qn) that performthe
functions desedl aderroranycayelycouplidiie thegyacessetyvipd a‘%‘%‘@r@%nﬁ @S &%ﬁiﬁ‘r y
unit (e.g.,; gRry 262 in FIG 2) and executed by a processor (e.g.,
controller 5’6@? The nenory

[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 generic 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:



unit may be inplenmented wthin the processor or external to the processor,
in which case it can be comunicatively coupled to the processor via
various nweng/oas9it known in the art. [1109] The el enment PCWASd2/51376

i npl enent the pilot acquisition techniques described herein may be
incorporated in a receiver unit or a degggulator that may further be
incorporated in a termnal (e.g., a handset, a handheld unit, a stand-al one
unit, and so on), a base station, or §0 t her comuni cati on devices or
units. The receiver unit or denndulafgfgﬁgs be inplenmented with one or
nore integrated circuits. [1110] The previous description of the disclosed
enbodi nents is provided to enable any person skilled in the art to make or
use the present Lnvent pathoysfiapqringrone PF eeare piHststip a WaglessearaIMeRion wi | |
be readily %Pgarent Loithose skilled in the art, and the generic
princi pl es FerThed REPEPn may be applied to other enbodi nents without
departing from t k@rchixg fokr g@éksiﬁ @peceifed dignal Bvad dexignalduDde bhee poé pABide
invention is not intended to be Iimted to the enbodi ments shown herein
but is to bese®fepeetmercapfidatetreaksope consistent with the principles and
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W rel ess comuni pafirating shys tsearching mmdi piobgxsingearphinatity bbHrtinmsadkehi that the
recei ved signal —over a designated. code space _to provid a.sef of one or
nore candi dﬁa?hb‘é‘:’afe&%;a ‘}?F‘Béféé]ic 1date Reaks i P o ﬁwafagleéﬁ’d‘gitfl%m%ﬁssmg
candi dat e pﬁﬁlﬁ;cuﬁ@gtSg%if&qlﬁjdg&ﬁegg&searchi ng 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. 2. The nethod cl ai . further, conpri.sing: pipelining the
sear ching and pr tess&h@n?g’r(’@d&ﬂaémeln ‘?ré"gfggiﬁ?n%%di date peaks to shorten
acquisition ti mpip@liniﬁ@@hﬁ?éaﬂﬂﬁh%)ﬁncpbﬁbéﬁsﬁ»g fo difR@ent Ge¥dfi hdidatelRARI fAL i Ng

the searching and processing early upon detection of pilot acquisition to
reduce acqubhsirten@equisiten time.

3. The method of claim 1, further comprising:
terminating the searching and processing early upon detection of pilot

acquisition to reduce acquisition time.

4. 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.

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

code segment.

6. The method of claim 1, wherein the searching includes

detecting for peaks over the designated code space to provide a set of detected
peaks, and

re-evaluating each detected peak to remove noise peaks and provide the one or

more candidate peaks.



4. The method of claim1l, wherein the designated code space incl udes

phases for all or a portion of a pseudo-random noi se (PN) sequence used to
gener at e WO 0piobsp1 5. The nmethod of claim4, wherein the @®€Iiupnzaseds code
space is partitioned into a plurality of code segnents, and wherein the
searching is perfornmed over each code sggnent. 6. The nethod of claim1,
wherein the searching includes detecting“for peaks over the designated code

oo Bmve e SRRSO SRS SR SRR AR L-HBE Vo
03/ 030391 Peidd WeQRbceasid®is pe¥fofmed B oi@bi@bredinget iodeskorswher ei n t he

searching is perfornmed by a searcher and the processing is perfornmed by
one or nore finger processors. 8. The nmethod of claim7, wherein the

processing for egeh candigate BBl o ORI PHE HilesSFE ool RNIRY g 2,

respective finger processor an € ptocessing Tor a can

the current itk cufreliaef BpEEdhed Pas aésFedti.ve Fingdhgroodbhramdahe ploatsding, fomdler ei n
the searching is perforned using a plurality of sets of paraneter val ues
for the pl ufandigase pgaksiinihe cugrgnt sehis peEforBRA BfPaEdllel-m 9, wherein each set of
paranmeter values includes a first value for coherent accunul ati on of
despread sanples and a second val ue for non- coherent accunul ati on of pil ot
synbol s. 11. TheO9wet hdtie ahethbdioh Qaimievdierein the sesrshiaf ipgreslivahed uwiakues
havi ng inprfved pi.l ot etection#ﬁer ormance for. nore |ikely operating

condi ti ons &M&alifyofisets pf paramgtsr vathes fopths PRty 9fimese  wherein t he

communi cation systemis a CODMA system 13. The nethod of claim 12, wherein
the CDVA systemconforms to 1S-95 or cdma2000 standard. 14. The nethod of
claim 12, wher ei A0t he TaDwethgd olechnion Af whensin eachvsetGiiRrametFiSvabBiganslndesdar d.

15. A met hogirsgfvaﬁl%%} Conezent Accumulation of helzs?)}esédlsgm?)les and a‘second " xlla‘il?et }o? hon-

coherent accumulation of pilot symbols.

11.  The method of claim 9, wherein the sets of parameter values having
improved pilot detection performance for more likely operating conditions are used

first.

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

system.

13.  The method of claim 12, wherein the CDMA system conforms to IS-95
or cdma2000 standard.

14.  The method of claim 12, wherein the CDMA system conforms to W-
CDMA or TS-CDMA standard.

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

searching for peaks in a received signal over a designated code space to provide
a set of one or more candidate peaks;

processing each candidate peak to acquire the candidate peak;



system conprising: searching for peaks in a received signal over a

desi gnat ed code space to provide a set of one or nore candi date peaks;

pr ocessi ‘yosaosnieandi dat e peak to acquire the candi date p@al/uUSWB103¢ 030391
PCT/ US02/ 31776 30 pipelining the searching and processing for different
sets of candidate peaks such that the sggrching for a next set of

candi date peaks is perforned in parallel "Wth the processing for a current

et ecti on of pi | dloagnts B sepfhMerhd bkl B G S & GRGRAl DR "

pilots in asuch taethe seaamiup faat hoxd setY sirelidate SRS iSpedbrmpaid pArhlR vith tBe
range of possible frequency errors for the pilots into a plurality of
frequency biPHECSHAG IR\ RAUEIERS S5 0kcamdidgte negks; @Rdquency bins to acquire the

one or nore pil otgmindie tﬁ@?ea?@ﬁ%%edg;{m&és%ghé?rr g%tg‘%f?%ﬁ‘.{f ?1895’38111%%8%5 The

term nating the eval uati'ng upon Ion o i'tro
nmet hod of claim 16, wherein the evaluating each frequency bin includes

frequency transl gting data s | es. derived froma received signal to an
approxi mate cent 3t6 of 4%%9@%%9% e @é&?’@kﬁlﬁ& o} Wakslges commugication
recei ved si gpabm, &agsski@n the frequency-translated data sanples, over a
desi gnated code space to provide a set of one or nore candi date peaks, and
processi ng each eandiodinge pogk of posiipfrequenbe egandodtieeiloesainto a pliralithef

met hod of claim 18, .further conprising: pipelining the searching and
processi ng ff%gu%ﬁcfyfbg?séﬁ?é]frequency bins to shorten acquisition tine. 20.

The method of cl @viludithg stbROEIHR fidd@eRSifdYoNGqlifs the oREBE mbfesIRNCY bin s
performed in parallel wth the processing for a current frequency bin. 21.

The met hod of claim 18, wherein the searching includes detecting for peaks

over the designated Cq‘i’lgn?é?ﬂ&ieoilc‘i’aiﬂlrf@fiflgr%e?céﬁbﬁﬁfqg:da ected peaks, and

terminating the evaluating upon detection of pilot acquisition.

18.  The method of claim 16, wherein the evaluating each frequency bin
includes

frequency translating data samples derived from a received signal to an
approximate center of the frequency bin,

searching for peaks in the received signal, based on the frequency-translated data
samples, over a designated code space to provide a set of one or more candidate peaks,
and

processing each candidate peak to acquire the candidate peak.

19. The method of claim 18, further comprising:
pipelining the searching and processing for different frequency bins to shorten

acquisition time.

20.  The method of claim 18, wherein the searching for a next frequency bin

is performed in parallel with the processing for a current frequency bin.

21.  The method of claim 18, wherein the searching includes
detecting for peaks over the designated code space to provide a set of detected

peaks, and



WO 03/ 030391 PCT/ US02/ 31776 31 re-evaluating each detected peak to renove
noi se peaks. 22. The nethod of claim 18, wherein the designated code space
i ncl udes wptiasssof or all or a portion of a pseudo-random ROTASIYEY6
sequence used to generate a pilot. 23. The nethod of claim 18, wherein the
searching is performed by a searcher ang;the processing for each candidate
peak in a particular set is perforned by a respective finger processor,

and wherein the RL ! i s i.p.the set are
performed in par gflgg?ﬁig% %ge@n%%%g%w%}lg\(eﬁn&?%péﬁgsér ein the frequency
bins overlap. 25. A nethod of acquiring one or nore pilots in a bC:I)IVA
communi cation system__co ising. .partitioning a range of possible
frequency errors %or (i€ %E&'Ba é’?i‘%"!lgl 48pyhersin thy designaied fipdp spacepingldes

eval uating eagfs g& 3h6r M)@Hilb%;&yfa Pedo-FRAdmHYide q\gﬁfﬁﬁg&agpaéﬁg%%pgg% 2

wherein the evaluating includes:” frequency tran

derived fromilat.recei ved signal to an approximte center of the frequency
bin, searching for peaks in the received signal, based on the frequency-
transl ated data sanples, over a designated code space to provide a set of

one or nore cangddat ghpemkhod PEOSRAS! 159 &@&&nCﬁa@dééA?éhﬁlgO?sagaeﬁf B}/ra‘? the
candi date peak; and term nating the eval uating upon detectron o I fot
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A denodul at afe pefformed irepaesifel.communi cati on syst.em conprising: a searcher
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25. 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:
frequency translating data samples derived from a received signal to an
approximate center of the frequency bin,
searching for peaks in the received signal, based on the frequency-
translated data samples, over a designated code space to provide a set of one or
more candidate peaks,
processing each candidate peak to acquire the candidate peak; and
terminating the evaluating upon detection of pilot acquisition, and
pipelining the searching and processing for different frequency bins such
that the searching for a next frequency bin is performed in parallel with the

processing for a current frequency bin.

26. A demodulator 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



sets of one or nore candi date peaks to acquire the candi date peaks, wherein
the one or nore finger processors are operated in parallel with the

sear cher woob/osdsat the finger processors process a curreRCTAS02/81776

candi dat e peaks while the searcher searches for a next set of candidate
peaks. 27. The denodul ator of claim 26, wherein the searcher and one or
nore finger processors are further operative to termnate pil ot
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processors each includes a rotator operativ requency translate

sanpl es denextedt ¢fraandidate peekei ved signal to an approxi mate center of the
bin being operated on by the searcher or finger processor. 30. The
denodul ator of claim26, wherein each finger processor includes a
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termnal in a conprising: a searcher operative to search for
peaks in a received signal over a designated code space to provide a

plurality of setg_of % e or nore candj date peaks; and one or nore finger
processors oper a?fgve {5e demedulaton pf flaiga 26 oierein the seanther i opeyativt to sesreh of
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of candi dat ETFSHREN DB of fifquency 0Isel of clai m 32, wherein the searcher and
one or nore finger processors are further operative to termnate pil ot

acqui sition upon detection of
29. The demodulator of claim 28, wherein the searcher and one or more

finger processors each includes a rotator operative to frequency translate data samples
derived from the received signal to an approximate center of the bin being operated on

by the searcher or finger processor.

30. The demodulator of claim 26, wherein each finger processor includes a

frequency control loop operative to acquire the frequency of a candidate peak assigned

to the finger processor.

31.  The demodulator of claim 26, wherein the designated code space

includes phases for all or a portion of a pseudo-random noise (PN) sequence used to

generate a pilot

32. A terminal in a CDMA 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



successful pilot acquisition. 34. The term nal of claim 32, wherein the
searcher is operative to search for the next set of candidate peaks in a
next bi n wO oBoagaency errors while the one or nore fingePCprusoE3svos s are
operative to process the current set of candi date peaks found for a
current bin of frequency errors. 35. Thegterminal of claim32, wherein the
searcher and one or nore finger processors each includes a rotator
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finger processor includes a . frequency control | oop operative to acquire
the frequenB§iSet ‘?incéﬁ‘%gf‘tﬂﬁ%kspeak assigned to the finger processor. 37.
The termnal of claim 32, wherein the designated code space incl udes
phases for all or a portion of a pseudo-random noise (PN) sequence used to
generate a piloB3.  The terminal of claim 32, wherein the searcher and one or more finger

processors are further operative to terminate pilot acquisition upon detection of

successful pilot acquisition.

34. The terminal of claim 32, 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 errors.

35.  The terminal of claim 32, wherein the searcher and one or more finger
processors each includes a rotator operative to frequency translate data samples derived
from the received signal to an approximate center of the bin being operated on by the

searcher or finger processor.

36. The terminal of claim 32, wherein each finger processor includes a
frequency control loop operative to acquire the frequency of a candidate peak assigned

to the finger processor.

37.  The terminal of claim 32, wherein the designated code space includes
phases for all or a portion of a pseudo-random noise (PN) sequence used to generate a

pilot.



