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W NDOW ATA.SAMPLES BACKGROUND [ 0000] This applicadi ' t he
benefitcggﬂgﬁﬁvﬁgional U S. Application Serial No. 63%5?@¥ﬁ§?UQ§nit|ed
"Pilot Frequency Acquisition Based on a Wndow of Data Sanples,” filed
on January 31, 2002, assigned to. the assignee of the present application,
and incorporated herein by reference inits entirety for all purposes.
Field [1001] The present invention relates generally to data

conmmruni cation, and nore specifically to techniques for acquiring the

frequency of RIFIOF FREQUENESY ACQUISTHHON BASEDRONAsyst em
based on a w ndow of d%m mymﬁg@ Wrel ess

~comuni cati on systens a W I [ arious types of
services such as voice, data, and so0 on. These systens may be based on

code division nultiple access &CDIV@ tinme division nmultiple access
(TDMA), frequency division nul BACKGROUNDFDVA), or some ot her

mul tiple ess _t echnj.ques. systens_.may . .provide certai n_advant ages
over ot h@s&? pe ma@b&t@m%ﬁﬁt "s%‘?rf??'tté’éé’gé"%&ﬁih’%éw&a?% Se‘l@‘é&%
system i \ e r I wch as
R e St Rt et R v M G i s

ar e knowvfiled nont Hemary 3122602, nassigped 4o eitie hassignee bff the fpeesentc epplick®® B ] andl
termnal, in a gﬁg{@ S%EteqT needs .t o acg}u' relsiﬂ%nal's transmtted fromone
or  ror e"BYBAAECNErI BY FHCTERCEIP 1t Sniirghicior 8!l BRPRsSShange data. In many CDVA
systens, gpaigei lot is transmtted fromeach base station to assist the

term nal s Bgrform a nunmber of functions. The pilot is typically
“Gener at d0BHsed Ton presenbwnvedtion rplates eganerally gto, detasequmnnieatioh, ahdl mewsr os)

and using_a.k si,gnal processi hene. The.pilots.fromth

=t at onerapeARl RudREes R JERERNE tetEedhBRer g o R eRtls ror ViR
timng sypehidbatmalsvasm batsdnmed wirklstv dfithia@BmpReher ent dat a denodul ati on,
and so on. [1004] The acquisition of a pilot is nmade chall enging due to

vari ous phenonena. First, the pilot is distorted by noise and
i nt erferﬁg&&r&%é he communi cation |ink, which can nake

[1002]  Wireless communication systems are widely deployed to provide various types
of services such as voice, data, and so on. These syste@s may be based on code division
multiple access (CDMA), time division multiple access (TISMA), frequency division
multiple access (FDMA), or some other multiple acceés techniques. CDMA systems may
prov_ide certain ad'\"antages 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 I1S-95,
1S-2000, IS-856, W-CDMA, and TS-CDMA standards, all of whictr are known in the art

and incorporated herein by reference.

{1003] A terminal in a CDMA system needs to acquire si gﬁals transmitted from one or -
' more base stations in}korder to receive or exchange data, In many CDMA systems, a pilot
is transmitted from each base station to assist the terminals perform a number of functions.
The pilot is typically generated based on a known data pattern {e.g., a sequence of all
zeros) and using a known signal processing scheme. The pilots from the base stations may
be used at the terminals for acquisition, frequency and timing synchronization, channel
estimation, coherent data demodulation, and so on.
{1004]  The acquisition of a pilot is rriacl_e‘ chailenging due to various phenomena. First,
the pilot is distorted by noise and interference in the communication link, which can make

detection of the pilot difficult at a terminal. Second, the received signa! at the terminal
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‘detection of the pilot difficult at a termnal. Second, the received
signal a ermnal WD 031065673 24 JULY 2006 2 typj ' udes
mul ti pl e%épﬁ?ﬁtbgﬁstances at various anplitudes, phases?dgy(#“ge%dat@s due to
a multipath environnment. Third, since the termnal nay not be certain of
its frequency relative to that of the system the received signal may be
downconverted with a frequency error £hat needs to be deternined and
corrected before denodul ati on and other processing may be perforned.
Fourth, fypicalenncdadessiulugleipdoisinstgursch abvandue rmpliocles phags sanguletlys daging
channel (QPCH), the data of_interest may reside in, short, buyrsts, and only
o i ndowh U enSHGL VR FRGE HeSHUROaL S T5bPF S8Ry PIHE SHMENab o
for pil Ol AfAb thdtioPhe dydA0DIeTBRI R sfoddl 825 MR/ BvAcRRRel Vit Prrahend T
techniques to acquire a"pilot in a wireless” (e.g., CDVA) communi cat’i on
syst em besedharmeadsvionbodetedninka andscamptted befBrMidapddulftibaGal ofkes procgssisg ar e
provi ded herein to acquir he fr.equency of .a given signal instance
based on"HY i HERTBR dheusths Sseaan UoRT I gush 11 WCTHRPF NS o ek bR ¢ he

time neggadelNOPCHY, BRURRCOT ifeRE! Bhy FORR ih ShHE RraY Sanlll RUHE WedoWOSHKdatal Ni S
allows certain portions of the teemnal (e.g., the front-end unit) to be

power ed sgmgles cayeghga skart Pme pododmay beravailgblg for pijotstquisiimen. enough to
capture at a,sanpl es.. The data.sa e t hereafter .pbe. processed
CoPt 1 mettU0sf E L ARAER SRRl CrePRuf 1R e e tyiedS Fria Hpiletin FRTEESS
bei ng  pEMer EDMIQYoriukistion S ylombased UhdWitdbRHf aad sk de ot her

benefits. "[10071 A specific enbodi nent provides a device operable to
acquire the frequency of a signal instance received in a (e.g., CDWVA)

conmmuni cation system A w ndow of sgmlﬁggpl es that includes the signal &3
i nstance to be acquired may be in ptured and stored to a sanple ™
buffer. ng] WM d Ve viged IHER i : ' r, Ld

Li me rqufluro g]d tggg%lﬁg%/ée&‘?r%qge%c;’@%éﬁﬁ sa? |1%é1nﬂk[ff€%%?9)ﬁ'tﬁg ad%@?]gesﬁéﬁﬁl

i ncl udesiimtanct hised cardwimdbwerf daticsanplast coobrin®o pimeTeeiod Ghattarthar theaimes a

segment of data sanple (whi is a portion of fth ta.sanpl e. wi ndow) and
otates PFGhaY A TEaRIESOMO deeasiee TP bk SR Hpag GuRy bERPE]
esti mat eqf (e RéRUASIGe of HRAVGRSHA hﬁ%'b@%@%%t for age&(rgé Semgof time, e.g.,

frequency-transl at ed”data sanpl es may processe espr ead;
decover ejiist dong emeughutoatapiret tbe plagay satvplene The dutesapiplast may ythirebdfterflor t he

segnment. The f n control | oop then derives an_.updated. frequenc
9 processec{ e%ﬁ%ng% with unnecessarf circuitry suclh as the fro t-crlcle circuitr? Ube:in

powered down to reduce power consumption and provide other benefits.
“T1007} A specific embodiment provides a device operable to acquire the frequency of a
signal instance received in a (e.g., CDMA) communication system. A window of data

samples that includes the signal instance to be acquited may be initially captured and

stored to a sample buffer. This window may cover a time period that is shorier than the
- time required to achieve frequency acquisition.
{1008] The device inciudcs a rotator and a frequeﬁcy control loop. The rotator
_receives a segment of data samples (which is a portion of the data sample window) and
rotates the data samples in accordance with a current frequency error estimate to provide
frequency-translated data samples. The frequency-translated data samples may be
processed (e.g., despread, decbveired, and accurnulated) to provide one or more pilot
symbols for the segment. The frequency control loop then derives an updated frequency
ertor estimate based on the pilot éymbols. In one embodiment, the frequency-translated
data samples are stored back to the sample buffer in place of the received data samples. In

another embodiment, the frequency-translated data samples -are not stored back to the
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error estimte based on the pilot synbols. in one enbodi nent, the

frequency, ted data sanples are stored back to uffer
in place¥%§6$Q§k§eceived data sanpl es.-1n another enbggﬁ”§%§?h§%€
frequency-transl ated data sanples are not stored back to the WD 031065673
24 JULY 2006 3 sanple buffer- The MﬁngOMlOf data sanples is processed a
nunber of tinmes until frequency acqui®ition is achieved for the signal
instance or termnation is reached. For each iteration, through the data
sanpl e wisaeiplw, beffier. sd§erevindow ofataiassemplessisi propessed sis pambert ofa timiessundihd
typically. in a sequential order fromthe.start to the end of the data
a0 | ety SEatEeeh 5 AR tof 3R VS Aies it ieasgh BeteRRdeRET on
are descCrehBeferhfiond thiddi®lihe dath 3hhplReliaow THR debvent dfQfdid dipharis pfR¥dse@s

met hods, program codes, digital, signal processors (DSPs), receiver
units, t ek @it and hakallytinei seaeentislerdenfromahe s@ithierthe ppd ehtheslats same

el enment s tht i npl ement vari ous aspects, enbodi nents, and features of the
i nventi o™ %% described in further detail below BRI EF DESCRI PTI ON OF
THE DRAW[M@[][ 10¢Bdioulh@pbadtantl @nbodahétte of ahd iR@HaRt agegesefibddfh AIrgReNt
invention will becone Mre . a%parent fromthe detailed description set
forth beldsiilbdaw: altbd inyendion) furiber prevides inethrds, pregimoedes digitd ksignake

f i i.fy- ' h h d i.n:
350111 PRI e o R RR Wb Bl RS o BB, R

capabl e ahd eleffEnenBat ibdjderian ivaticusaspetd, enbodinent dhdRatusesalf thh@ivention,
invention; [10121 FIG 2A is a diagramof a quick paging channel (QPCH)

and a pad®descahethindurthersietail bedaw.ned by 1S-2000; [10131 FIG 2B is a
' agramof a tineline, for processing a slotted pagi ng channel conprised
Of the QPCH and PCH, [1014) FIG 3 is a diagramillustrating an

enbodi ment of a samBRIBFDESCREFTIONIOFTHE DRAWINGSdat a sanpl es;

[10151 FIG 4 is a flow diagram of an enbodi nent of a process for
acqui ri nd19H¢  f Theiretwess, nitum, mid advabageschiche presint doentidn Wil Eecomamiars ;

(10161 FiG 2 oo ol 05Kl AOLAR ocPRS TR UREL (00n %, DSPutHaL WBinE
drawings in which like reference characters identify correspondingly throughout and
wherein: .

{1011 FIG. 1 is a block diagram of an embodiment of a receiver unit capable of
implementing various aspects and embodiments of the invention;

[1912]  FIG. 24 is a diagram of a quick paging cham;e_l (QPCH) and a paging channel
(PCH) defined by 1S-2000;

{1013] FIG. 2B is a diagram of a timeline for processing a slotted paging channel
comprised of the QPCH and PCH;

[1014] FIG. 3 is a diagram illustrating an embodiment of a sample buffer used to store

a window of data samples;

[1015) FIG. 4 is a flow‘ diagram of an embodiment of a process for acquiring the
frequency of a pilot based on a window of data samples;

[1016] FIG. 5 is a block diagram of an embodiment of a DSP that may be used to

acquire a pilot from a window of data samples; and |

[1017]  FIGS. 6A, 6B, and 6C are block diagrams of an embbdimcnt of a frequency

control loop, a rotator, and a received signal strength indicator (RSSI), respectively.



acquire a pilot froma w ndow of data sanples; and [10171 FIGS. 6A, 613,
and 6C are bl ock diagrans of an enbodi nent of a frequ | oop,
a .rot at oWO B¥5E3r ecei ved signal strength indicator (%@?’}{ﬂ%{@c‘t ively.
WD 03Y00673 24 JULY 2006 - 4 DETAILED DESCRI PTION [10181 FIG | is a

bl ock di agram of an enbodi ment of a receiver unit 100 capabl e of

I npl enenting various aspects and enbodi nents of the invention. Receiver
unit 100 nmay be inplenmented within a term' nal (e.g., a cellular phone)

or a base station. A ter-l\,h]ﬁ\Am F 'Fi@Ned to as a nobile
eérm na

station, a renmpote term nal, an access or sone ot her

term notﬁoysl\]] an#l@ PaSL bRICRId ARarBY 2R bRBolfnch E6LE FREIvEOLRB LGN CAHRABRSST
poi nt ' sone ot her term nology. Receiver unit 100 nay al so be
used in maﬂamnwm@s@pe@@Mwmb@mmws wsheemergumh Reseiveounie X00rpiag,

I S- 95,

1> e o Tpemioned Rth 2 AT A & TR ARPOE b S o gt ) 1 G

transm t41ey e feforfd to BAS thobilakia@Bs, a EiiSte&inBhall ArPfocelRORHRASSr s‘éhﬁtdtﬁé?s
and so on) are received by an antenna 112 and provided to a receiver

120, whiteminglogy.sandr &baser $dtianomay abofhednfer@ﬁdo ap antacerss fpoinst UERAN, or

Lo BRI R T NETRD W TR

further donrh@ficationes at@ﬁﬂslsfubﬁchs, Rirfexam@RAIS V6, [S000E, ISFEH6S AV-CIDAAS PIS-i oUs
signals. [1020] A downconverter 124 then perforns quadrature
downconvePMAand CRSystemst ered RF signal from RF down to baseband (e.g.
based o ete e;0 \ [ The
Gonncon IS, MG SnollighE ke AMNERINERT Mol HiEh fEdn 458 Thore 0
RF si gnaﬂranwﬁtttar:a(e:gtmmsextahonaIGR;Bssatdl]litat diroddeade smngmlandi 60 ph)oatt Geceived
conpl ex baseband sj gnal sed of an_i np conponent and a
quadr at uP¥ATY Q@te“"@&@@ﬁé provi ”F%t?f) repgiket; 120 EP?‘I‘% also 1eferredhin asra &%“treh’é I
and Q baggbgnthe. e fRenGtS. W PR TR et 1), af) aRpAR xfu%erqaélmg)ﬁﬁka fhd Fcch i
quantization and further filters the ampl 1 f1 ed components to remove
s pur i ousmg]ag mthsonarmd et of nbian dmpbﬁdeNﬁ)atags aral flirthet Altere tevenpldied

r] tlzet e fil teregl and Q conponents to provide |
and Q sﬁf“g@a t‘?é@b c?ﬂo?/s@lagl? SPHOS IS8R f i ¢ enbodi nent, ADCs 128 provi de

| and Q gegm! es AddovwitBnbdrtER 124 BnGRIHBIh@4fhdfdwur@ downconversion of the filtered
RF signal from RF down to baseband (e.g., based on a heterodyne or a direct

downconversion receiver design). The downconversion may be achieved by multiplying
(or mixing) the filtered RF signal with 2 complex local oscillator (LO) si ignal to provide a
complex baseband signal comprsed of an inphase (I) component and a quadrature (Q)

component.

[1021]  Amplifier/filter 126 amplifies the I and Q baseband components to obtain the
- proper signal amplitude for quantization and further filters the amplified components to
remove spurious signals and out-of-band noise. Analog-to-digital converters (ADCs) 128
then digitize the filtered I and Q components to provide T and Q samples, respectively. In a
specific embodiment, ADCs 128 pI:'OVide I and Q samples at two times the chip rate (i.e.,
. chipx2), with the chip rate being 1.2288 Mcps for some CDMA systems. The pair of I and oo
Q sﬁmples for each chipx2 sample period is referred to herein as an ADC sample or a data
sample. The data samples may be stored to a sample buffer 130 for offline processing
and/or provided directly to a digital signal processor (DSP) 140 for real-time processing.
[1022]  DSP 140 may perform a number of functions such as filtering, resampling,

demodulation, decoding, and so on. DSP 140 may also implement various control loops



chipx2), with the chip rate being 1.2288 Mps for sone CDVA systens. The
pair of 5653 sanpl es for each chipx2 sanple period,j to
her ei n a\ﬁogﬂ@(&gg sanple or-a data sanple. The data s%ﬁyg‘w e stored
to a sanple buffer 130 for offline processing and/or provided directly
to a digital signal processor (DSP) 140 for Teal -tinme processing. [1022]
DSP 140 may perform a nunber of functPons such as filteri ng, resanpling,
‘denodul ati on, decoding, and so on. DSP 140 may al so i npl enent vari ous
cont r ol ukaslolosprdde BeOBLPE7RNPlE Uiing ABHBequBNe)s eentiod for eachakgnahinspneper

sanple timng and.frequency, .contr each,si.gnal instance Dbei
process Bngano%éﬁ?Fl’i Pe SB@H’%\/\?C?%P%#{)?%?%FQ? 'Mﬁr@wgrﬁmg‘g FERE (@%‘él ver
that cap, GHRERESRYrboesPMARDKSsi Bl inshinBesSh Bittdecdited gggs 1 n the received
“ signal. [1023] dock circuits 132 provide the clocks and LO signals used
by vari ¢LR23e| erf@locls cirayits 1d2 propéde haiclockpand FQrsignalsiised by veriesielanesyi t s
132 may be designe o.provide the LO .signral_ for downcanverter .1l and
Uhe SaurBl FRGHET BBk 00, P {35k sirpuil g map B GBHRERP SO aF £,
oper at i gpHaldhr i@FRIoYGerter 124 addDBe andplimycloikaret ABCsVi@gi ous control s for
sanple buffer 00, clock circuits 132, and/or DSP 140. For exanple,.

cont r ol [K124150 Genprofeolitigirackevanons pperatians of receiver pad 190 @nd naydyerife a
pil ot based..o S ' I ry
52 pr oviais Drkpf sof PIS AR T30° e drdl 138RLBIF BT od For RalfBEVLY
DSP 140 codtdd)Rb 150 mag grovide the déhtroRaeidirest RIS gNto idyaire @nslict based g thé t he
recei ved signal may be perforped by one or npre stages of anplifier,
filter, datasamplespreditosample, bulder 130,02 Moy 152 prgwidessiprage tor datmaed in
yari ous | ' a0 t4n the various signal conditioning
t ages ?%?%d]u%g&e%tﬂtng%ztuﬁg% Iisﬁtagatﬁr?? ﬁobcks shown in FIG 1. OQher RF
recei ve{1(253i gnis atgpical RD réveives debigm dheacomditionhigroftthe receded siphalt hey be
invention. [10261 A term nal ms?/ be . esjt_ ned.to operate |n é)(f'e of several
modes, PEEPEY b ope orgere siages ot amplifer, Tier, MiRergaticto ofbnEheddition. these
active QpE& rﬁa?ebet i A inCatioud Coht ¥ti&?§9hFﬂﬂ§inﬂgfcﬁ Wile v s O rf3PT ©
base statrons (e.g., for a voice or data call). A Fn the standby node
(whi ch icenditiowing efages ert tumped topehérn vk 'thenblgels shdven tedIGndl Mher Rni t or

a pagi ng channel for ssages, addressed to the rm nal. Such nmessage's .
oy 1 rGHET B ey B 4 HE SRR AOTE S FifAM B GEnce of - an
I ncom nq1m;1l (A-®©rminPRaRy B asAERA) todBskrith Gf CorfeObf WO RBASY Sh&Mas
paraneters for the termnal (i.e., overhead .
“active” and “standby”, at any given moment. In the active mode, the terminal can
actively exchange data with one or more base stations (e.g., for a voice or data call). And
in the standby mode (which is also referred to as the “idle” mode), the terminal may

monitor a paging channel for messages addressed to the terminal. Such messages may

include those for alerting the terminal to the presence of an incoming call (i.e., page
messages} and those for updating system parameters for the terminal (i.e., ml'erhead
messages). ' _

{1027]  Many terminals {e.g., cellular telephones) are portable and powered by an
internal battery. The power consumption by the termina] in the idle mode decreases the
available battery resources, which then shortens the “standby” time between battery
recharges and the “talk” time when a call is placed or received. In the idle mode, a
terminal continues to consume power to sustain the circuitry needed to monitor the
messages transmitted from the base stations. Because a page message may be relatively
Jong and can appear at any time, continual monitoring of the paging channel for page

messages may significantly deplete battery power in the standby mode.
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nmessages). ,[1027] Many termnals (e.g., cellular tel ephones) are
portabl e _and powered by an internal battery. The powek,GC hon by

t he ternﬂﬂﬁpyﬁﬁﬁ?%e i dl e node decreases the availableigat e?§i¢%§ources,
whi ch then shortens the "standby” tine between battery recharges and
the, "talk™ time when a call is placed or received. In the idle node, a
termnal continues to consune power tddsustain the circuitry needed to
nonitor the nessages transmtted fromthe base stations. Because a page
message [EIZ8Pe 'R adduvelppwet eogsumipdionain thepeily naddeamestdge® oncowt pagiig
nonitoring of the pagi ng channel for page., nmessages may. significantl

depl et e BRnnelrpay, beasnt ith A 1¢iE1Rdl ah dpsignAtletimegp ] @/%%ﬁglswwﬂwem 6
[1028] T \ | P | ,

bagi ng  SHATHAR o BE Lo SR VEIRERRR bhict prbcACullPiife MRSREOHR ARVMR ||
In this yeantrdnBRittedr m nal  only needs to wake up at the designated tines
to process any page nessages that may have been transmtted. [10291 To

further FH88te JoWFheRSURFRAVSH CORSUFIPLOR: HaYrk gaging shrancldRbGH) is usrdag
t i ndi t t '
bagi ng. oRLARARIRingor it 2 haB s a8 sa8bMCtfued SRR btk Gankl For,

nunber othepagiing. Theiqezk pagibptchartnehinchudes a hurabaroftphgid g dedidxtorebit than/afe f

bits. For |S-2000, each t i'nal i.s | gned two paging _.indicator _bits
for eachUpEmikedeay b@ﬂmoﬁ‘é&‘, bif§: ¢ Hog ﬂﬁ@ﬁ%icﬁ%wﬁﬂﬁésw JREIPIERE ng
I ndi cat o | [ { ) (ﬂ%"}? n | u ' ; %?% ng
I ndi cat OEndEdia%oz ﬁﬁa@ggg&dgp?& ed rnor e%(ltﬁi‘l \gﬁcp;tﬁé ?Rﬂﬂ?\is %{gg gﬂ%ﬁésaeP I'cat e
that no insksgeiiai beinghdetermings hisetd e @hashiveg Pmgiiony Therpaging findicathebits

termnal, then the term nal. ywoul d nqgt ,need.ta .process the pagi ng, channel
and oy S delEgisa TR QuiekR g Roteanie S HEE Ay Dehaghanlche
thus desygnedusseh tﬁ&?&giﬁ@@hérﬂéﬂfdi‘%@ t?RBRI, e theAShrhinGl WohIdHYt edd to
portion of the tine to receive the page nessage& [10301 FIG 2A 1s a

di agr am pfocesighe pagikg sharingly anth sy ednt . akhe quiiek pagjng ghanmbbamkbpagimCH)

defined by 1S 2000. .For 1.S-2000. .the pagin hannel i rtitioned.jnto
baH o ot Shambl 41 B drEnegud ot AErBRE Peta P R attveisi R aonfiiyot té

further pakelbidcevethe pagk ekiges. 20 nsec franes. A group of term nals may
be assigned to each PCH slot, with the assignnment being based on sone

i dent i fi Ed3Pbn iFHCorkfads anlizgsamt ofethe auiknpagings deaanels(QPCH) and the paging
channel (PCH) defined by IS-2000. For 1S-2000, the paging channe! is partitioned into

PCH slots, each of which has a duration of 80 msec. Each PCH slot is further partitioned
into four 20 msec frames. A group of terminals may be assigned to each PCH slot, with
the assignment being based on some identification information for the terminals such as,
for example, the International Mobile Subscriber ID (IMSI) which is unique for each
terminal, the Mobiie Identification Number (MIN}, the Electronic Serial Number (ESN), or

the Temporary Mobile Subscriber ID (TMSI). The paging chalnnel may be used to
transmit coded messages to “idle” terminals (i.e., those that have registered with the
system but arc.in standby mode).

[1031] For IS-2000, the quick paging channel is partitioned into QPCH slots, each of
which also has a duration of 80 msec. Each QPCH slot is further partitioned into four
frames labeled as A, B, A’, and B’, and each frame includes either 96 or 192 paging
indicator (PI) bits depending on whether 9.6 kbps or 19.2 kbps rate is used for the QPCH.
“Each PI bit is an On/Off keyed bit (1.e., a *“0” or “1” bit value, with “0” = Off and “1” =
On). Each registered terminal is assigned two PI bits for each assigned QPCH slot, with
the assigned QPCH slots being the ones starting 100 msec before the assigned PCH slots.




for exanple, the International Mbile Subscriber DD (MSI) which is unique
for each termnal, the. Mbile ldentification Nunber (MN), the -

El ect r oni | Nunmber (ESN), .or the Tenporary Mbbi m r 1D
(TM™SI) . mé’g(géﬁﬁg channel may be used to transmt co%lg rressaﬁgcggse to
"idle" termnals (i.e., those that have registered with the system but
are in standby node). [10311 For |1S-2000, the quick paging channel is
partitioned into QPCH slots, each of ich also has a duration of 80
msec. Each QPCH slot is further partitioned into four franmes |abeled as

A, B, A Theprsit®n ofgach wsighed Phbib1s drisroines! hapedanr a ddingd haginghwmrigp and

I ndi cator, (Pl) . bit epend; ; t . 9. 6. kb r 19,2 kb aw. |, S
used forcr{aﬁ%es il Bie %%\@)Et P?Pgtll‘%jgf%s{xhognﬁeéffscfﬁs'%’% z%%b?tve?i%.[gl."?ﬁaf&' Baéhor
"I" bit wdigHed QPCH si@) ofie PIfbiand aism@eY . inEfsfie 12 Gindt BeegchR! P is S
assigned two Pl "bits for each assigned QPCH slot, with the assigned QPCH
sl ot s betrangrmities ioniame Bar o1 ong RObit as Benspittedt i Erse Bsandgthesermd Bl kit & WO
03106, 5673 74 JULY 70064, 7 0Slt each i,aned Pl bt
determ n%@sgggee#"brgra?%d%f'i nTl- ?ﬁ%ggx;[ﬁnsaﬁﬁ us(r%ré?m%r? nsan%SS k}%ﬁgﬁ%ésoﬁ%%iﬁe to
bit. O icpgrapali by of milimbid 8f 29SgEE candothar Eev ssRokd fafidl Mater FPOrbieagtves a
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A bit i sminimapsefi A0 agecibafors hgwtant of thy PoHslgvpsseriatadyvith ha QRGH 8lgti n frane
B and th on |~y ;1 tagﬁg[ﬁ .ed . ) I . 1.§S)0N
schene eﬁgéﬂés ﬁ rtllgt@ft%ﬁe l% \?\‘xsnedP{n 1 sﬁc‘éa:frglgI “Mshe%ér a e?n%ﬂﬁ%:lnmnénlhrﬁérﬁh@gﬁ %18
msec, anchanheltfot the PREE oBatha@RCHawtris Risodiated avithi a@sregponding POBNsiok, RGinsee

before the stari_ of the PCH sl ot: assqQci d with the QPCH s| ot. 10321
e Qpc STl R i pelAe Ch e BB Pl Siok TPl ol O NGk are b 1 ol
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s transmtted 100 nsec e assocl ate
The Pl bor ie@CH ineth©RGhriaed PG ¢lt. pagi ng signals that alert the term nal
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associ at' 39%4 5’?&?“. mi‘%@%‘ﬁ?‘\/ﬁé‘ S& WE&O?F‘QW'B% AL figsP gﬁp(é’bée‘i“bre% the
term nal teBilinkD® wikE upab récRBliei HedscanfiRuratibh MfbRhatioR), WakBast Rtalifn WS new
configuration information), the basé station runs "On" both Pl bits

assi gnedbath PI hids assigmpeh ol the eminadl faning|QPCEH slots) Sinee menegharhens tomenalavayi nal

may hash and be.assigned wilth iven Pl Di.t ecting the

assi gnedhﬁ?%!apg%gsasm%%ﬁ “gg'égny uartché’ggiﬁa(%tt%:gmg ﬁ‘ﬁasflﬁgeffgﬁm‘%r‘?ﬁl %\RA pp,es

act ual | yndregpiattecithRo g RBAHADWIN Glonal ire@iverhigaBe message (or configuration
sinformation) in the associated PCH %slot. However, a PI bit detected as an “Off” bit may be .

interpreted to mean that the tenninzl,l does not need to process the associated PCH slot for
paging or other information, which jmay greatly reduce power consumption since the page

message is coded and may be long.

[1034] FIG. 2B is a diagram of a timeline for processing a slotted paging channel
comprised of the QPCH and PC:H For this slottécl paging channel, the terminal
pcriodicalfy rather than contiﬁuous!y monitors the paging channel for messages from the
base stations. At time T, the termir{\al wakes up from an “inactive” state prior to its first P
bit on the QPCH, enters an “active’| state, conditions and digitizes the received signal, and
stores the data samples to the sample buffer. The terminal further initiates processing of
the data s'ampies to acquire the pilot and recaver the P bit. At time T, transmission of the
first PI bit for the terminal is completed, and the terminal enters an “offline” state to
continue processing of the data smTlples. However, in the offline state, as much circuitry

as possible .(e.g., receiver 120 in FIG. 1) is powered down to conserve power. Upon

completion of the processing of tTc first PI bit, the terminal may enter a “sleep” state



information) in the associated Fb—l sl ot . Howe'ver', a Pl bit detected as an
"OFf' bit may be interpreted to nean that the termn eed to
process MWe034$338i ated PCH sl ot for paging or other ﬁ?Wp@mm ch
may greatly reduce power consunption since the page nessage is coded and
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the pil obrrindl ih GEONRE PERBIRI (.81 Betedbd &d SO Din) the G it&HiiRA nfy fef@in fni r St
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ei ther 1088 bi if te teomingr@sds ¢ prédesnthichRCHe then nialwakey vyadtetinne Tatamkd nme
T3 to process the secopd Pl bit in . sinmlar manner as for the first Pl
bit. ThePPEsHslg regEyeLHERH 19 FREOSFH P RS IgtsaE ransidedran t BCHoronue
processi fgofhg thE tHA! Rarf@OP HES pHbY hﬁsﬁg&feﬂm&n@lﬁmﬂmw%eumgq@%ﬁ ine
circuitry (e g., receiver 120).7 Again, the termnal” may enter the sleep
st at e upehetbagpnet the mesfage ireaddprsetsbtodt agl/arfif additionat prodesBinglis requjred38] | f
the termnal needs to process the PCH then i kes .up. at tine Ts and
processe cﬁ?@"@i%@ﬁ/‘&f @F%ﬁ%\?ﬂ%“%’&%\???ngﬂﬁ% ﬁﬂ’g@"ﬁ?&‘%@@”? FSA1&d on
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first PI bit in the next assigned QPCH slot). .

{10371 To prdperly process the QPCH, PCH, or any other code channel, the terminal

needs to acquire the frequency and timing of the signal instance being processed. This is

typically achieved by processing the pilot for the signal instance using the frequency and
timing control loops, as described below;. For the processing of the PI bit, it is desirable to
capture as small a window of data samples as possible so that the front-end circuitry {e.g.,
receiver 120) is powered up for as short a time period as possible. However, the frequency
error in the data samplés due to downconversion frequency error and/or Dopplef frequency -
shift may be relatively large (e.g., especially after a slcep_). In this case, a relatively long
period of time may be required to ai:quire the frequency of the pilot.

[1038]  In an aspect, techniques|are provided to acquire the frequency of the pilot based
on a window of data samples covering a time peﬁod shorter than the time needed by the

frequency conirol loop to achieve frequency lock. This then allows the terminal to power
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{1041] A read pointer is used to indicate the starting location of the next segment of
data samples to be processed. After a data segment has been retrieved from the sample
buffer, the read pointer is moved to the right by the corresponding amount. When the read

pointer reaches the last location Ns of the sample buffer, it is moved back to the beginning

-of the sample buffer (i.e., location 1). In this way, the sample buffer is used as a circular
buffer. Ns may or may not b.e a multiple integer of Np. -

[1042} For some embodiments as described below, frequency-translated data samples
may be stored back to the sample buffer for possible use in a subsequent iteration through
the sample buffer. In this case, a wirite pointer is also mairztained and points to the start of
the current segment being processed. After the current segment of frequency-translated
data samples has been stored back to the sample buffer, the write pointer is moved to the
right by the corresponding amount.! The write pointer also wraps around to the beginning
of the sample buffer once it reaches: the last location Ns.

[1043]  FIG. 4is a flow diagram of an embodiment of a process 400 for acquiring the

frequency of a pilot based on a window of data samples. As described below, frequency



buffer, with the earliest (oldest) data sanple being stored in |ocation I
and the | atest _(newest) data sanple being stored in ' The '
dat a san‘ﬁ’%é’gﬁ’gﬁﬁé}thereafter retrieved and processed Pﬁq“ﬁg%gnn%g?g one
segnent a tine. Each segnent includes ND data sanples, where NDis the
nunber of data sanples needed to derive one or nultiple pilot synbols.

[ 1041) A read pointer is used to indithte the starting |ocation of the
next segment of data sanples to be processed. After a data segnment has
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right by the correspondi ng anount. \Wen the read ROi nter reaches the

| ast | oseparan crrirdfloense Howigykre thauimig acpvisition apoeidhpwe ler described ipddGani ng
of the . ffer (i.e., location 1). In this way, the sanple buffer
S used%?g’pé%@?lg%ﬁl ar buffer. Ns may or may not be a nultiple integer of

ND_ F104pjadfor Adrejuentyasdn ﬁ@ﬂb&ﬁ@oﬂ%ﬁhé beslstelowm, FIGSe gUeACHd 6Band at ed
data sanples may be stored back to the sanple buffer for possible use in
a subsediasanibed tie fagthes etail belgw) mayebe apgsl forighe pilet frequeppy gcquisidon gndy
lite point. | ' i.ne ' h r foat ent
segrent gy FrelioBg LRelichel e AinRR opeled 08, 07 rc?! A" iy

f r equencyqiisidos ldeteedr mbytine SN cRtdmmmebebathat @ ey fhanénclyachlisitisanak e
buf f er, t?le wite pointer is noved tqQ the right by the carresponding

" anmount . beeRe aghigved. ploi #t epbedimentyaisReiyih sigerl rengih ipdigatpnh (Pl g1t CaR
~sanpl e : et | [ 3 S a
1 ow di Ay el RS Eoll ok RER 48 nd Pt S tbed 80 B Rp STy (chitRon Tefeich 1

f r equenachis ofiseafrequeoty gesitionns detwmmded\bastd dathe whrprangth edamdiescr i bed

bel ow, f ency. 03A) 65673 24 JULY 200 ngd timng acqui sition may
both be [@g‘%iur r%‘?ﬂvﬁ\iﬂ)" g’érff‘?ﬂf’ﬁ%ﬁ e ?Oﬂfeﬁ“_ tgeaEFﬁ‘_ﬂ'?E% C 0”5@;5%9%&9@5_
cont rol yo@PRfialiZl ey ep 410 ezrﬁf% Zﬂf?q)eaée%wéd Bjr'%eﬁﬁ% A9bopsiteuufor §6She ! bed

in FIG 4 for sinplicity. [ A frequency control '1oop (such as the
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acqui si tyizefer. det ect or may be used to deternine whether or not frequency
acquisition has been achieved. In an enbodinment, a received signal
strengt H1646di caPidet {tagesicy acheisition thencearmmencss bligeisicying|thesnex segrrensfoft he
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. 414). The retrieved data samples are then rotated by the current frequency error estimate,

Af, to provide frequency-translated data samples (step 416). This may be achieved by
performing a complex multiply of the retrieved data samples with a complex sinusoidal

signal having a frequency of Af (using a rotator). The frequency-translated data samples

from the rotator are further processed (e.g., interpolated, despread, deco'vcrcd, and
accumulated, .as described below} to provide one or more complex pilot symbols for the
data segment.

[10477  The pilot symbols are th;en processed by the frequency control loop to derive an
updated frequency error estimate (step 418). This may be achieved by first deriving a
frequency error metric, Fer;r, for th'w pilat symbols using the frequency discriminator and
then filtering the frequency error metric with the loop filter. The frequency acquisition
detector may (concurrently) be updated based on the pilot symbols (step 420). For the
‘RSSI, the energy of each pilot symbol may be computed and accumulated with the current

pilot strength estimate.



[ 10451 Initially, the frequency control |oop and the frequency

acqui si ti tor are both initialized, at step 412. | _be

achi eved (3 ?‘g@g@tl ng a | oop accumul ator for the freqéénﬁ@t&)iﬁﬁgl | oop
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[ 1049] O herwi se, .if frequency acqui S|t|on has not ?/et been achi eved,

then, f ofPosviRlY) Wil BPifcRt aretiet 9 aping ointe semalechutter {demiad. arhe
db
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correspo ta sanpl es use erive t
the sample buffer. The frequency error estimate obtained by the frequency control loop at

the end of the sample buffer is used as the starting frequency error estimate for the next
iteration through the sample buffer.

f1050]  As described below, the instantaneous frequency error estimate for each pilot

symbel period may be derived based on two pilot symbols for two consecutive symbol
ﬁeriods. Since there may be a phase djscontinuit},; bet_ween the last and first data samples
stored in the sample buffer, when the read pointer is reset to the beginning of the sample
buffer for the next iteration through the sample buffer, the frequency error estimate derived
from the first pilot symbol for the [current iteration and the last pilot symbol for the pn'o-r
iteration may not be valid and is thus not used to update the loop filter. This is not shown
in FIG. 4 for simplicity. |

f1051]  Although not shown in FIG 4 for simplicity, the processing of the data samples
may also be terminated if frequeney acquisition is not achieved after cycling a specified

maximum number of times through the sample buffer. A counter may be maintained and



transl ated data sanpl es were‘storjed (step 426). For an alternative

enbodi nent, the frequency-translated data sanples are gmgpi@?ﬁback to
t he sanplwolafésrs Step 426 is thus optional™ and i ndi & S h by a
dashed box in FIG 4. A determination is next made whether or not the
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t he processing can t nate and an acqui Sitl al F'ure may

[ 10521 Asowgdrdwvhe initid|f@qudncyt dreorgarthe ditadenmples fohat shes Aflse sUpmy adhieving
retrieved and processed,in an iterative nmariner, a mang ti mes .as needed
Unti |t hEeAREE RS pE e HERUNCY BIOrCF AN LrOR, thelequane pepwifol 100p 15
acqui si t hgfroimaRel§ aigubll ®o HiO! infRRAE redabtySBYHEMnd B F ﬁa]\égdémﬁsm.rmée of
the initial frequency error in the data sanples fromthe Al I' S obtai ned
by the freqemmepdipngand datk siioples iskgrintshellenreatizesmt wher eby t he

fr equenc¥i65r4i1ns | (3rt1c%-c¥redq%;[z:1%y Tock has been achieved, the frequency-translated data samples

- may be demodulated and (possibly) decoded to recover the pertinent data. Offline
processing for pages is described in further detail in U.S. Patent Application Serial No.

09/172,067, entitled “Combined Searching and Page Monitoring Using Offline Saﬁplc

Storage,” filed October 13, 1998, assigned to the assignee of the present application and
inéorporated herein by reference. o |

[1055] The data sample windqw size may be selected to be as small as possible to
maximize power saving but largic enough to providé high probability of frequency
acquisition. The time réquired to achieve frequency acquisition is dependent on various
factors such as the initial frequency error in the data samples, the bandwidth of the
frequency control loop, the pilot strength or signal-to—noise—and—interfereﬁce ratio (SNR),
and so on. The data sample winck!)w- size may be a fraction of the acquisition time while
still providing good frequency acquisition performance. For example, a window of 4K
data samples at chipx2 {i.e., COVBI;ing 1.67 msec for a chip raie of 1.2288 Mcps) may be

stored for offline pilot frequency acquisition.
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-sanpl es are stored back to the sanple buffer, the frequenty error in
* these data sanples reduces as the frequency error esti ' es.
Upon achiVQP#Be3$equency acquisition, the frequency eﬂﬂghﬁLhFEQ@
frequency-transl ated data sanples is small or near zero. [1053] In the
alternative enbodi nent, the frequency-transl ated data sanpl es are not
stored back to the sanple buffer and sit3ep 426 in FIG 4 nay be omtted.
For this enbodinment, the frequency error estinmate fromthe frequency
control ¥mm | ncriRasRdow tsisarnely bhe beldrable MUQRKANGY R Etimatdd fréiRestat a
sanpl es fromthe ADCs. Upon achieving frequency acquisition, the
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Ofline gsgle THeaechgiyues forl aehiengdhguents, acddBifion dasidpmedwindovne data
assignee of the present application and incorporated _herein_b .
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mpitial f in th t les, th dwi dth of th
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wi ndow size may be a fraction of the acquisition tine ile still
provi di ndatgeentpies dqu e simacppmiodi it istwed ér $aonpteboffer F3P avd awmgyl thereafteni redow
of 4K data s lles at .chipx2 (i.e.. coverin 7 nsec.. fgr a chip rate
of 1: 220 R0 Ry Blec e, au horf vlpf Piorss e sbp Hor Btining Yuf e elietn
WO 03106 5&éassdttis shbn'indd00 5 farkitn ﬂé@]}) The wi ndow size may al so be

ed fr

.variable and based on the estim equency error, pilot strength, and
so on. FOWS8kanghea mépath rgiwoninget, feeeh tigasrhitted tsignal hay bayreprivednivirer -

since the frequen rrar .J.arger, a t he W ndow,sjize for the

second. ol VG pt, Ao TBY LRl pBY i el Ftairs e

f r equencyiver t@hsmiskd Righsl. f EQm difieal finstble is associated with a respective amplitude,
phase, and arrival time at the terminal. The window of data samples may thus include
multiple stgnal instances {or multipath components) of one or more transmitted signals.

[1060] As noted above, DSP 140 may implement a rake receiver capable of

concurrently processing multiple signal instances. The rake receiver typically includes a
searcher and multiple fm ger processors. The searcher is typically used to search for strong
signal instances in the received signal. Each finger processor may then be assigned to
process a specific signal instance, with the amount of processing being dependent on the
type of data or message being recovered {e.g., a paging indicator bit or a page message).
Each finger processor may include a pilot processor 510 used to process the window of
data samples to acquire the pilot for the assigned signal instance. Each finger processor
typically further includes other elements used for data demodulation, which are not shown
“in FIG. 5 for simplicity.

[1861]  FIG. 5 shows a specific embodiment of pilot processor 510. Within pilot

processor 510, the data samples from sample buffer 130 are provided to a rotator 512,



Pl bit may be used to reduce theI frequency error for the second Pl bit.
This may then result in a faster acquisition tinme an JeEY! i ndow
si ze requ‘VPé’r"f%"{’?"-’ [ 1057] The techni ques for achievi ngd%‘?equencm;mfw
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on various designs. One specific design is described below [1058] FIG
5 is a block diagramof an enbodi ment ¢f a DSP 140a that may be used to
acquire a pilot froma wi ndow of data sanples. Referring back to FIG 1,
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with a conpl ex sinusoldal signal o
522c. The on-time interpolated samples are approximations of the data samples that would

have been provided by ADCs 128 had the sampling clock been aligned to the “optimum”
sample timing, which is the timing that would have produced the highest SINR for the
signal instance. The early and late interpolated samples are approximations of the data
samples at -Tc/2 and +T/2, respectively, from the on-time sampling instants.

[1063] A PN gcneréitor 516 provides to each despread 1 & D element 522 a PN

sequence having a-specific PN state {or PN phase) corresponding to the arrival time of the
signal instance being processed. This PN state may be determined by the searcher in its
search for strong signal instances in the received signal and is then provided to PN
generator 516. Each despread T & D element 522 then despreads its received interpolated
samples with the PN sequence to provide despread samples, and further decovers the
despread samples with the channelization code used for the pilot. For many CDMA
systems, the channelization code ifc'.nr the pilot is a sequence of zeros (e.g., Walsh code
zero), in which case the decovering may be omitted. Each despread I & D element 522
further accumulates (i.c., integrates) despread samples for a particular time duration fo

provide a complex pilot symbol, P, + jB,. For a continuous pilot structure such as the
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to provide frequency-translated (or rotated) data sanples. The frequency
of the I nusoi dal signal is determned by a f trol,
Fctrl, ifmh%ngﬁbe initialized to zero or sone ot herj‘gal ue e start
of the frequency acquisition process. Rotator 512 may be used to renove
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having a, s eC|f|c PN state (or phase) correspondl ng to the arrival
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sanples with the PN sequence to provide despread sanples, and further
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Struct Ungnide theASeduBRcy control, Fetrl, which is then provided to rotator 512. Frequency

control loop 530 is described in further detail below.

[1066] . The pilot strength estimate is provided to controller 150 and may be used to
determine whether or not the frequency of the pilot has been acquired by the frequency
control loop. In particular, pilot frequency acquisition may be determined by compén'ng
the pilot strength estimate from RSSY 532 against a threshold value (e.g., <14 dBm) and
declaring frequency acquisition if fhe pilot strength estimate exceeds this threshold value.

{1067]  The pilot symbols derived from the early and late interpolated samples are used
by a delay lock loop (DLL) to derive the timing control, Tc#rl, for interpolator 514. n
particular, the pilot symbols from ciespread 1 & D elements 522a and 522b are provided o
a timing discriminator (e.g., an early/late detector) and used to derive a timing error metric,

Terr, which is an estimate of the instantaneous error in the sample timing for the signal
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accunul ation tine duration may be an integer nmultiple

channel i Y& $39653dde | ength (i.e., 64-N;, where N can b&4§ﬁgi‘$§ggggr) And
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522b ar eu} AN Iﬂlqg Hwt‘ optimum” sampling instants for this signal instance. Timing loop filter

540 then quantizes the fine-grain timing error, tsrr » 1O provide a coarse-grain time offset,
t,5» that is used for resampling the frequency-translated data samples. Timing loop filter

540 then provides to interpolator 514 the timing control, Tctrl, indicative of this time

offset, #,5-

[1070]  FIG. 6A is a block diagram of a frequency control loop 530a that may be used
to acquire the frequency of a pilot from a window of data samples. Frequency control loop
530a is one embodiment of frequency control loop 530 in FIG. 5, and includes a frequency
discriminator 610 and a loop filter 620.

[1071] In the erﬁbodi'ment shown in FIG. 6A, frequency discriminator 610 receives a

p'air of consecutive complex pilbt symbols, P(i)+ jPy(i) and P(i-1)+ jB,(( 1), from

despread 1 & D elements 522c, which are denved based on the on-time interpolated
sarmples. Frequency discriminator 610 then derives the frequency error metric, Ferr, for

these pilot symbols. In particular, within frequency discriminator 610, a multiplier 612a
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atimng discrimnator (e.g., an earlyllate detector) and used to derive

a timng Jetric, Terr, which is an estimte of e_|i neous
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i nstance being processed. Timng |loop filter. 540 then filters the timng
error netric and further quantizes the |oop output to provide the tinmng
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of a frelpapacgpmudaior: oThd opuisaga therecumalatdysompeases thofraguucy eontrod loop

frequency ,of }lot. froma.w.ndo f t anpl es.. Frequency control

| oop 53 p‘ilts%Srz%ie @Hﬁlbéﬁ H@Hﬁggggofr%&]eﬂ%ag@ﬁt ol O'IltB'dlp‘Sgﬁ'Oe %ﬁ"al?—ff é t@, and
i ncl udesfgqeh@PESICAS, ofl it WataHaiplear 6 10 and a loop filter 620. [1071] In
t he enbodi ent” shown in FIG 6A, frequency discrimnator 610 receives a

[1073]  Other designs that may be used for the frequency discriminator and loop filter

are described in numerous references available in the art. One such reference is a book by
AL Viterbi, entitléd “Principles of Spread Spectrum Multiple Access Communications,”
2™ Ed., McGraw Hill, 1977, which is incorporated Herein by reference.

[1074] FIG. 6B is a block diagram of an embodiment of a rotator 512a, which may be

used to perform a complex multiply of each data sample, D, + jD,,, with a corresponding

sinusoidal signal sample, S;+ jS,, to provide a frequency-translated data sample,
D, n+ jDgy - Rotator 512a is one embodiment of rotator 512 in FIG. 5 and includes a

signal generator 630 and a complex multiplier 640.

[1075]  Signal generator 630 receives the frequency control loop output, Fcirl, and
provides a sinusoidal signal having a frequency indicated by the loop output. In this
embodiment, signal generator 630 includes a phase accumulator, which is implemented
with a summer 632 and a register 634, and a look-up table 636. For each data sample to be
rotated, the accumulator accumulates the loop output, Feerl, which is a frequency value, to
obtain a phase value for that data sample. The phase value is then provided to look-up

table 636, which then provides a complex value (i.e, cosine and sine values)
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[1078]  In one embodiment, the pilot strength, RSSp, may be estimated as:

Ne
RSS, = KRZ{P,Z(;')+P§(:')} , Eq (1a)

- where P, (@) and Py(i) are respectively the real and imaginary parts of the pilot symbol for

the. i-th pilot symbol period Fien'ved from the on-time interpolated samples, Ng is the
number of pilot symbols to be accurnulated to derive the pilot strength estimate, and Kg
may be selected as K =1/N.

[1079]  In another embodiment, the pilot strength, RSSp, may be estimated as:
g _
RSS, =K, D {IP ()| +]Po®]} - Eq (1b)

Other techniques may also be used to estirhate the pilot strength, and this is within the

scope of the invention.



provi des a sinusoidal signal having a frequency indicated by the | oop
output. In this enbodi nent, signal generator 630 incl '
accunul at*$t938%Kih is inplenented with a sumrer 632 é%gﬂgn?ggﬂgﬁgr 634,
and a | ook-up table 636. For each data sanple to be rotated, the
accurnul ator accunul ates the | oop output, Fctrl, which is a frequency
value, to obtain a phase value for tHat data sanple. The phase value is
then provided to took-up table 636, which then provides a conplex val ue
(i.e., caesele apgr RSBE tHalH®sYimbht SRWOGHOBIR F tBdlpHoR QmgtheRrdsampradi ng
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and 642dproyidpd BgogEoletel S0nagi nary part of the frequency-translated data
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and provides a status signal, Freg_lock, which is logic high if frequency acquisition has

e

been achieved. The Freq_lock st gnal (1} transitions to logic high whenever the Enter_lock
sigﬁal transitions to logic high, and (2) remains at logic high until the Exit_lock signal
transitions to logic high. This lock detector design provides hysteresis so that the
' Freqﬂlgck signal does not continually toggle between the frequency lock and unlock states.
" [1082]  RSSI 532a may be initialized to a low value (e.g., -30 dBm) at the start of the

pilot frequency acquisition using the Reset signal, Thereafter, the accumulator within
. RSSI 532a used to estimate the pilot strength is updated as each pilot symbol is received.
If the frequency error of the frequency-translated data samples is relatively large, then the
magnitude of the pilot symbols will be smaller because of the coherent accumulation of
these data samples over the accumlljlation time duration by despread 1 & D element 522c.
The smaller amplitude pilot symbbls will then result in a corresponding smaller pilot

strength estimate from RSSI 532a.| Conversely, if the frequency emor of the frequency-

translated data samples is relatively small or near zero, then the magnitude of the pilot

symbols will be larger and the pilot fstrength estimate will be correspondingly larger.



NE RSSf, =KxD1lpl(i)1+1PQi)1l) Eq [(I b) i Oher techniques may al so be used
to estimate the. pilot strength, and this is within tg Jﬁmi ﬂ% t he
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shown in FIG 6C, the pilot strength is estimted based on equation
(1a). The real part, PI(1), and the imaginary part, PQ(i), of the pilot
synmbol am squared by magni tude squareds 662a and 662b, respectively, and
the squared values are summed by a sumer 664 to provide the pilot
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accunul ator perforns accunul ati on over a particular tine duration (e.g.,
NF pi | otsamplestiiyshe parfisonsgripforadioiving (erepossiblyfinaadinining) segaieatst indeeash t he

pilot str : | che | . .ol ker 150. [1081] In an
enbodi nesﬁglﬂgﬁv&h?% %@netvg%@fﬁeé’r\%eggéﬁ lb%gfﬁ%ﬁ{l{g%réﬁ rength is conpared agai nst
an upperi0®gk t Thefbgictcy bapksifdiHnapylsabe achieveditaked &0apitedpida, aittl agl so
against a lower |ock thr esholg Lock THL, by a conparator 672b.
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| ower | ock threshold., Ioegig unié’ 374_ recei,veé t he st atus si%gala from
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Exit-locgk signal transiti t.0 | ogi c hi Thi s, | ock det . desi
or ovi dedtnyBEaPa en s ot S medde et s dre e BOS B ok ity
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may be initialized to a |ow value (e.g, -30 dBm at the start of the
pi | ot f rhggtheney sadbali mpiei pilet ymbglst nay ke svailahile den offlipe pregessing, witheut
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updat ed a rece
interval may be selected to be 32, 16, 8, or even fewer chips for the gated pilot in IS-856.

[1085]  For simplicity, the frequency acquisition is described above based on a

... recovered pilot. Frequency acquisition may also be achieved based on recovered data
symbols, or a combination of pilot and data symbols, and this is within the.scope of the
invention.

[1086] The techniques described herein whereby a window of data samples is

iteratively processed to achieve acquisition may be used for various types of loops. For
example, these techniques may be used for frequency acquiéition (as described in detail
* above), timing acquisition, gain control, and so on. These techniques may also be used for
general parameter estimation, whete the window of data samples may be used to improve
the accuracy of the estimate for|the parameter because of availability of anti-causal
information. For example, it may pe possible to use future information to better estimate
inter-symbol interference (ISI) through equalization techniques. In general, the techniques

described herein allows a (relatively) small window of data samples to be used to.achieve

acquisition for a loop that normally requires a longer period of time to converge or achieve

lock (i.e., the acquisition time is longer than the data sample window size).



If the frequency error of the f’rJequency-transI ated data sanples is
relatively large, then the nagnitude of the pilot synbols will be

snal | er {p@aneR79f the coherent accunulation of thesesgd W@L@s over
t he -accunul ation tine duration b despread | & D el enent C. e

smal l er anplitude pilot synbols will then result in a corresponding

smal ler pilot strength estinmate fro% SSI 532a. ~ Conversely, if the
frequency error of the frequency transSiated data sanples is relatively
smal | or near zero, then the nmagnitude of the pilot synbols wll be
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| S-95 arGl $; 200Gyt nd timinghtéht@id6opst é8 vanooowtbl opkahta ors éigpias may
be partitioned into adjoining (or_ possibly non-adjoining) segnents, and
each sc&gmelss toraguue fraquencyyail Uming respecively. | AhesBmingeqmitol apamay paog4)

he f | St | i eved d d,. pi ,
such as EIRAERER bRl It AR oo u B T G BR8P R R e
onl'y " PeLi SRt rofld fanis W@g‘sﬁet i TPYmiNG eMEie WA dnk of' fs{ HA ke Y
error estinate are retrieved and processed, - and Tenti fing data-sanpl es

may be onghip, @1 KRS . NERHd s et 16 adi¥RIMIng abybition slongdi@sd ther the
time period when the gated pilot is transmtted (e.g., the data sanples

for the wifowsize, pidnothebdats samplegdr thd G2dhplehbyffdraniy similarlynbd Tel3bb)le For
a gated piJot transm ssiQn schene, higher transmt power-is typically
used f orPCHAEN Hi6WRINBACQEUYGL G/ or data transni ssion on other code

channel 5348 bel"lg@h@ﬁ.lei?h%? chtrr&lnE)og?ﬁ%)g bt Oblelty 8dgdire e h@ﬂhc? GR8€ on thbe

herent accunul atio erval (f spread | Dele 522c) may be
“Sel ect edvindow o€ dsth samples swert Hahe tmrieg phrted leopndashe achieve &mimy kick dbks f or
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For sinmplicity, the frequen;g acquisition is described above based on a
recover e/8i (Fonger pracgsrorsc e dbefu pssigned hapad om fheorepdt gt Hicescanthtand evowd

recover a bol s; i nat | f: pilot. and data synbpls, and
this i s%\%ﬁﬁ h%ieﬁn? s g'opclan 0 Oﬁ'ﬁg%ﬂ?ﬁ\"}@ﬁ ?%ﬁl%dr %988%11 Ye &e@:ﬂ%i%’ﬂ'@% 318
descri badarbitddedtra sdaesee BasoRtioh (WD) add thehdnBieRi€to h Finet tRbRtibY.€lAkain,
processed to achi eve acquisition may be used for various types of | oops.
For finger processors are assigned based on the result of the search.
[1089]  The techniques described herein may be implemented by various means. For
- example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the control loop and support circuitry may be

implemented within one or more application specific integrated circuits (ASICs), digital

signal processors (DSPs), digital signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers, micrb—
controllers, microprocessors, other electronic units designed to perform the functions
described herein, or a combination thereof. A DSP may also be designed with the
capability to implement multiple (frequency and/or timing) control loops in parallel or in a
time division-multiplexed (TDM) manner.

[1090]  For a software implementation, the control loop and/or support elements may
be implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,

memory 152 in FIG. 1) and executed by a processor (e.g., controller 150). The memory



é'xarrpl e, these techni ques may be[ used for ffequency acqui si tion (as
described in detail above), timng acquisition, gain , so on.
These t etYAPYES I nmy al so be used for general par amt%‘?mrﬂ%n,
where the wi ndow of data sanples nay be used to inprove the accuracy of
the estimate for the parameter because of availability of anti-causal
information. For exanple, it ay e pos&ble to use future information to
better estimate inter-synbol interference (IS through equalization
t-echni quggit m'ag b8 $MBlemlentet RAthE EHRPrétdedr oflaEmaIne thesroedsBorain vAiSh Base it

(relative y) SMB11 Wndow of data sanples to be used to achieve
acqui si t fambefeomraunicasiyelytrauplad inthe processquyingsrious erye @s fsdimowd infhetare t o
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process a wi ndow of data sanples to acquire the timng of a signal
i nst ancemapde gpashin implenenGhe freqesnesy disegmnater aad dpopiftichg control | oops can

Ciming,  PRefbor 0B ot BReRlG: b RERIF b Pl SRIREY fiels,

| ock in anph@édnakiledih tft @f tothake orhisd the pteértiimlentibill Wari@isAddifidaiions
smal|. The searcher is, t%/pi cally able to provide an initial timng,

est i mat ethgpe Ambpdimepisy widk b sepdily papargnf o thgsecpiilled &y the, arg, and | the RRETG e
required._to..achi iJ | Sk j ] _ i ize,
then t nePHREEELaKE e Baf S bR @bl bRl Eents Yitheh L Bepahind R 7
per f or m tpiat dr seopgotathe) inventiéno rThus 1168 Bleseh énvengopuBnoy imanied of bd bajiedray be
abl e to acqui,re frequency, based on the window of data sanples even if
the tim HY Cehedimints W%%ﬁﬁﬁatebuaw&?écwrﬂcff ﬁwlﬁe&zwcw gpnsisteplowithydhe ¢ he
w ndow si ﬁﬁci{())lgs Lkl eh@is)discldiePRGeid! ternative method to obtain timng,
the w ndow data sanples I's searched at the small est resol ution :
possible (e.g., chipxg or T,/8). Finger processors are then assigned

based on re e and woul d begin denodulation. In

anot her Elt({&g]r nats‘&llf'te‘\m mﬁfﬁ‘éﬁ% ndow of data sanpl'es is searched at a
coarser resolution (T,/2) and then interpolate to a finer resolution.
Again, finger processors are assigned based on the result of the search.
f1-089] The techni ques described herein may be inplenented by various
nmeans. For exanple, these techniques nmay be inplenented i n hardware,
software, or a conbination thereof. For a hardware inplenentation, the
control |loop and support circuitry may be




i npl enented within one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital shynpiy oeessi ng
devi ces (DSPI)s), progranmable |ogic vices (PLDs), field programmable
gate arrays (FPGA&), processors, controllers, mcro- controllers,

m croprocessors, other electronic units designed to performthe functions
descri bed herein, or a conbination thereof. A DSP may al so be desi gned
with the capablddvicet shekdbd &IBRuirdUGLCS dff 4 SPHANEY AR REVEd H R9)
control loops in parallel or in a tine division-nultiplexed (TDV
manner . WiKYSe sormmpnigation syplemecamgsisdigent at i on, the control | oop and/ or
support ele i e if.h I .0 e es,
functi ons, gﬁglt oﬁa(t)&%%%er%ﬁ/gt nglléerg‘ggé:tr% %ﬁgeﬁtf ﬂﬂg |oS§§lp£?§saglrd i 1&%:13{5 Elger g#l The
sof t war sampke bymaycubrenis freqeticy rerdr rstimaty  wnpiovide, ffequeneptrmnsiaicbdatan FI G

1) and executed by rocessor. (e.g., controller, 150). The nmenory WO
0510656 78l Jhorin GebseBmBnL ol debiriahnts 3f apBinERtad™ P delemgPbEessor
or ext erdng LiRiides QR 8RSl inftatiddt ch case it can be communicatively
coupled to Fhe processor via variouS nmeans as is known in the art.

[ 1091] The cemsemnple ufferonemfivategotsdhs wisnkdewmddatd ssples;and onbi nat i on of

har dwar e and r r , : dto ive the
pi | ot synbol & ,ﬁeglkéa@oc?'fl trmglﬁgol?)ég%ai)‘ge ta*g}@}é‘?%"%{ ﬁ%%l?éeﬁntgﬁqugf A S Elé%tgy

di scri mbagddam thefedquenpy-fridslaed datd S8iplesWhereiptioyiotits: Md Setigricy eontedl t he

di scl osed enbodi nents is provjded o epgble any persaon skilled in the
art to a2t ORFEEIVEHE lﬁf’g"é%ﬁlﬂe P”h’\‘F{QPﬂ Pgﬁ?ta\ﬁ&mpf?a_sap ﬁ[ﬂﬂ‘ﬁft}’ OAtHBHsUY ¢ hese
enbodi mMedggently! dcqBRitfoR2H1 dchicIBPEEEMe iBndl NASEIEKYY @Midaflod NG r8dched,@nd the
generic princCiples defined herein may be applied to other enbodi nents

wi t hout departhersin thedmaquircy-tesistater] dota soppre aod sioted i dbeesanipds bufféris, t he
pr esent ilr%\é%ﬂ ie%'% isgmn%ts intended to be limted to the enbodi nents shown
herei n BUt=i’s h[o BSURREST ded the wi dest -scope consistent with the
principles and novel features disclosed herein. [10931 WHAT IS CLAI MED

I'S: 24 JULY 2006 1. A devjce operable to acqujre frequency of a signal
i nst ance recer Ve§ qeﬁlcﬁog(ixlﬁ%lle‘g reiy tha iretipn G himg covesed by g windeppl a

rotator daeﬂ%rea@b'{?\g@s dBreb SRS g dAraBieg BEfthe Mquiiad By ﬁ@fﬂé'qﬁélcg anti‘(gg@épQOt he

data sanp y a current frequency error estimate to provi
f r equencyqiireghs fraquedcylof the signal instance.

3. The device of claim 1, wherein the window of data samples is processed one
segment at a time and in a sequential order, from start to end of the window, for each of

the plurality of times.

4. The device of claim 1, further comprising:
a despreader operative to process the data samples in the segment to recover a
pilot for the signal instance, and wherein the updated frequency error estimate is derived

based on the recovered pilot.

5, The device of claim 1, wherein the frequency control loop includes
a frequency discriminator operative to determine a frequency error metric based

on one or more pilot symbols obtained for the segment of data samples, and
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sanpl es, wherein the segnent of data sanples is a portion of a w ndow of
data sanples having included therein the signal instaRgejug¥angse
buffer operative to store the wi ndow of @dfa sanples; nd'"é] requency
control | oop operative to derive an updated frequency error estinmate
based on the frequency-transl ated data sanples, wherein the rotator and
frequency control |oop are operative to process the w ndow of data
sanples a plu i f ool i f b St i Leyed for
The st gnal |1 naq Sl orekdeE th ikl e RHED BHoP A rbial TR
f r equencyrequensy leabecktidatea sanpl es are stored in the sanple buffer in
pl ace of the data sanples. 2, The device of claim1, wherein the duration
of tinme covered by the wi ndow of data sanples is shorter than the
duration of tisMThedeibd ekldidh t,tﬂmﬁefe@#%-m(?;control | oop to acquire the
frequency of the signal instance. 3. e device of claim1, wherein the
wi ndow of dat @ Seawsneys agquisitiosc deleder epraativeelgnddtect Jor dregnensy aasguisition
sequent i r S the wi ndow, for each of the
plurali t?/Ja% @ﬁ%g&d@mﬁﬁg{sﬁ é%/cfdca?%}"{bi S'ai m 1, further conprising: a
despreader operative to process the data sanples in the segnent to

recover a pil,ot_for the _sign i,nstance, and wherein the updated
frequency errdr B¥t e?ﬁf?é’ficia%a?q"i% m ﬂ’ﬁsfé‘?ﬂluﬁ??yte}?ﬂulﬁlé'%\%’fegﬂpﬂoﬁ'ﬁl?? 85, The
devi ce ofredelvaliBighal soBRER iktiddie (Resguency control |oop includes a
frequency discrimnator operative to determne a frequency error netric

based on one or nore pilot synbols obtained for the segnent of data

sanpl es, and 24 ‘rir"g%\ﬁeglgg %f c"’}aihog,g v.{hh gfnefhggﬁg‘él@és} Xcﬁnﬁ]ﬂnirzéltgotnegys{e&e is a

frequency error rrc to provi up requency error estimate.
6. The deiDMA sybteml. ai m 1, further conprising~ a frequency acquisition
detector operative to detect for frequency acquisition based on the
frequency-transl ated data sanples. T The device of claim6, wherein the

frequency acqui sife RRiceIFRENAr1, ivileldit 82 xﬁndéﬁ%@idﬂﬁ%&?%%bvéé heRghE
indicator (RSSI). 8. The device of claim1, wherein the wreless
comuni cdrdiegiordPBibétfor & quick paging channel.

10. A device operable to acquire a parameter of a signal instance received in a
wireless communication system, comprising:

a processing unit operative to receive a segment of data samples and process the
data samples in accordance with a current error estimate to provide corrected data
samples, wherein the segment of data samples is a portion of a window of data samples
having included therein the signal instance;

a sample buffer operative to store the window of data samples; and

a control loop operative to derive an updated error estimate based on the corrected
data samples, wherein the processing unit and contro] loop are operative to process the
window of data samples a plurality of times until acquisition of the parameter is achieved
for the signal instance or termination is reached,

wherein the corrected data sampl_es are stored in the sample buffer in place of the

segment of data samples.

11. The device of claim 10, wherein the parameter to be acquired is frequency.



|
CDVA system 9, The device of claim1, wherein the wi ndow of data sanpl es
covers a paging indicator (Pl) bit for a quick pagi ng£ygarehook? A
devi ce operable to acquire a paranmeter of _a signal instance received in a
Wi rel ess comruni cati on system conprisin % a processing unit operative to
recei ve a segnent of data sanples and process the data sanples in
accordance with a current error estimate to provide corrected data -
sanpl es, wherein the segnent of data sanples is a portion of a w ndow of
data sanples having included therein the signal instance;, a sanple
buf f er oper atlRveThodevies ef claim i0n adaredt theapasansetapicebe apqudred issamplel | oop
oper at i V‘ﬁ?ﬂ’g derive an updated error estimate based on the corrected
data sanpl'es, wherein the processing unit and control |oop are operative
to process the w ndow of data sanples a plurality of times until

acqui sition of the paranefer, i s _achieved for the signal instance or
termnation ilS r cHeEe i’/é}‘g?l@ Emt‘ﬁlépr%‘Br‘#"éé‘ﬂréﬂo’ljaféin’sea"r?b’?@é ri‘drrgf’ dp3red in
the sanplagpRUREW R HoReetiRh hd a8l MmOefidta RaMR! &troll doop e
device of claim 10, wherein the paraneter to be acquired i1s freauency, 24

JULY 200®quire ibe pranteige devi ce of claimto, wherein the paraneter to be
acquired is sanple timng. 13. The device of claim 10, wherein the
duration of tine covered by the data sanple window is shorter than the
duration of tl4oesm appuiatiedn Bvitehes aomhititation@pstém, coatiiidinge t he paraneter.
14. An apparatus inh a wirel ess conmuni cati on system_ conprising: nmeans
for rotating B 8edRbR2HE dateameningl Q'gtai RS oingagserdange With & GHFTEHt

fr equencateq%ﬁcgreaﬁéin %ﬁg@e@e 48 éﬂ&ﬂ)ié GReqhaRIYBRGN Rl F RS Ls%ﬁ@s,dﬁggkve@?ﬂgl es,

wherein the data sanples 1s”a portion of a wn at a
sanpl es feamenicpfidate Iserdplds tshaepogtion ofa wsindova bf dats saampdes helvogandludegteereip is to
be acquired:  ne . W ndo%of data sanpl es; and neans for

f ' h
deri vi ngaSégpa&E&%éedwﬁésgzﬁgﬁ%ggé%?g’? et e based on the frequency-

means for storing the window of data samples; and

means for deriving an updated frequency error estimate based on the fréquency-
translated data samples, wherein the means for rotating and means for deriving are
configured to operate on the window of data samples a plurality of time until frequency
acquisition is achieved for the signal instance or termination is reached,

wherein the frequency-translated data samples are stored in the means for storing

the window of data samples in place of the data samples.

15. The device of claim 14, wherein the means for deriving includes

means for determining a frequency error metric based on one or more pilot
symbols obtained for the segment of data samples, and

means for filtering the frequency error metric to provide the updated frequency

error estimate.

16. A method of acquiring frequency of a signal instance received in a wireless

communication system, comprising:



transl ated data sanples, wherein the neans for rotating and neans for

deriving are configured to operate on the w ndow of %%ng a
plurality of time until frequency acquigsiition is achieve or the signal

instance or termnation is reached, wher&rn the frequency-transl ated data
sanples are stored in the neans for storing the w ndow of data sanples
in place of the data sanples. 15. The device of claim 14, wherein the

means for dergaings b nisless d’%?&%qﬁlé%rfo @ésgﬂﬁ? it é‘saffrﬁoﬁrigH@@éi}’wﬁérEﬁr

nmetric based on one or nore pilot " synbols ai ned t he segnent of
dat a sarthé esgmenhdf detassmples i & pporion g at windéw ed detacopmples dravimgtinéhededo

provi de the. ypdated.frequency error estimte. 16. A nethod of acquiring
frequenc ergy e?%ﬁiéﬂsﬁng%t ance received in a wirel ess communication

system conprrostifi€the Aataliabnpled 3 Becofdafed withg carr&® Jivg énco ferrdnbdingiel es for
processing froma sanple buffer, wherein the segnment of data sanples is a
port i on Rpvide fipansaoy-tansipeddainsagndes; havi ng i ncluded therein the signal

i nst ance; rOts?Jringglgé B &ﬂ&;ﬁtrﬁﬁsrl‘g?é&%éé ?hp@ﬁ&%%%ﬂ% FETfé} &ﬁgﬁa{c@'a? the

frequency error Imate to provi guency-tr ated data sanpl es;
st ori ng sepmeidtrofgetenmyples;ans| at ed data sanples in the sanple buffer in

pl ace of the , segnment of a sanpl es; deriving an,updated fre cy
error estimat®" %geaé? WaEeﬁZéngfgem-eﬂ"%tgl 3 egi n H’ftge%'ﬁﬂ%'téaégﬁ d
repeat i ngatd enpl@cidvi ng, rotating, storing, and deriving a plurality of
times through the wi ndow of data sanples unti| frequency acquisition is
achi eved for reprating gdpceiviag, pladng, storingran dariyipg aiphurpligy of Smes throughhe

met hod - i j : M ! Waly dat a
sarpl es 1o Wil of e IR B B ey Bl b e e K R RS bl
error nedrtermildieeds wackele one or nore pilot synbols, and filtering the
frequency error netric to provide the updated frequency error estimate.
| & The nmethod of claim 16, further conprising:

17. The method of claim 16, wherein the deriving includes

processing the data samples to provide one or more pilot symbols,

determining a frequency error metric based on the one or more pilot symbols, and
filtering the frequency error metric to provide the updated frequency etror

esfimate.

18. The method of claim 16, further comprising:
determining frequency acquisition based on the frequency-translated data

samples.

19. A method of acquiring frequency of a signal instance in a CDMA
communication system, comprising: |

receiving a segment of data samples for processing from a sample buffer, wherein
the segment of data samples is a portion of a window of data samples having included
therein the signal instance, and wherein the duration of time covered by the window is
shorter than the time required to achieve frequency acquisition;

rotating the data samples in accordance with a current frequency error estimate to

provide frequency-translated data samples;



determ ning frequency acquisition based on the frequency-translated data
sanpl es. 19, A nethod of acquiring frequency of a signgy JnsvamRs i n a
CDMA communi cation system conprising: receiving a segnent of data

sanpl es for processing froma sanple buf f €2t wherein the segnent of data
sanples is a portion of a wi ndow of data sanples having included therein
the signal instance, and wherein the duration of tinme covered by the

wi ndow i s shgrk ' [ |

Acqui si i on:  Fop e SR ahTRel B kifed  BEREME UFECHONAE of e

f r equencsegerenirf detitsamples; t 0 provi de frequency-transl ated data sanpl es;
24 JULY 2006 _stor.ing, the frequency-transl ated data.sanples in the sanple
but fer i n pl Ravgring faé REaichEranTae] plR 0ok o6 Bf I BBs R rhote bl

f requencyymibotdas| at ed data sanples to provide one or nore pilot synbols;
deriving an updated frequency error estimate based on the one or nore

pil ot synbol 4eriviigdan spéated Hgauaney eaebettimage basdaen ke ong 6F iviye pilot

pr ocessi boqgn?ndjeri ving a plurality of tinmes through the wi ndow of data
sanples Until frequency acquisition is achieved for the signal instance
or term nati ompéating el heeeiyingh ertating, stosng) processing, adtderismgpl pleralisy of

processed ong se nt.at a.tj and in.a. sequential..order,.fr tart to
ond or 1 Hme GraevEe bifouedaBreaPpls sl BBy ealeingt S R ot
recoveri §ignd paghddgol Retherdiion is Redchld,! whereind iU ineddoRAGE NiatL Banpled is i n a

CDVA conmuni cation system conprising: storing a wi ndow of data sanpl es
cover i ngPHORESSE ORg SeERlaE riine Ghf IR Boseauentigl erdepuiremnysiagt f@end 198 thg ndow

of data 125 Y&, J1ake lHIeaﬁBl M&d; acquiring frequency of a signal
i nst ance by pfocessing the w-ndow of data sanples to create
frequency-transl ated data sanples a plurality of tinmes until frequency
acquisition is,achieved for the signal. instapce:. and processin
frequency-tr a%%l‘gt"éegh a({.féec‘éyg%r'ge%pa%a}g ipgligatgy Gﬁ%ﬁm f%&ﬁﬁ@é’%gﬁgﬁmbr t he

in a CDMA communication system, comprising:

storing a window of data samples covering the PI bit;

powering down front-end circuitry after the window of data samples have has
been stored;

acquiring frequency of a signal instance by processing the window of data
samples to create frequency-translated data samples a plurality of times until frequency
acquisition is achieved for the signal instance; and

processing frequency-translated data samples for the signal instance to recover the
P1 bit.

21. The method of claim 20, wherein the frequency acquisition and the recovery

of the PI bit are performed offline with the froni-end circuitry powered down.

22. A memory communicatively coupled to a digital signal processing device
(DSPD) capable of interpreting digital information to:

receive a segment of data samples for processing, wherein the segment of data
samples is a portion of a window of data samples having included therein a signal

instance having a frequency to be acquired;



Pl bit. 21. The nethod of claim 20, wherein the frequency acquisition and
the recovery of the PI bit are perforned offline w thjherfyonigend
circuitry powered down. 22. A nenory co nicatively coupled to a digital
si gnal processing device (DSPD) capabl f interpreting digital
information to: receive a segnent of data sanples for processing, wherein
the segnent of data sanples is a portion of a wi ndow of data sanpl es
havi ng i ncl udegtd herditasatpiisdAakcoridhet 3Ges Bavdnd Gregudnts GHBP 6xintRe RE
acquired; 24 JULY 2006 rotate the data sanples in accordance with a
current Pegladsayensy-frgpsiaed dampamples; provi de frequency-transl ated data
sanpl es; stor NC.N-= u.aﬂg&i er the data

sanpl es; deris@oerEglﬁe%{)qﬁ%@&%gfg&eﬁ@%&g&%@?l;%?&%g@l na %ﬁwgés/séd on the
frequency- t r adesivate dpdigtdafreqangl ermyr estindate bimed bn pheoftapsncygirafsladdalani ndow
of data sanpl es plurality of tinmes until frequency acquisition is

achi evedsafTEEest?f@asi gnal instance or termnation is reached. 23. A

conput er progegdit r&dusifg f@rih@csinlie g datd BAPRIGY pRiralRy Sdf0@ks iuhgt ance
received in a wreless communication system conprising: code for

recei vi nfjequcBapeanisition ixkehivedipp thessignel ingregecs sermination iy rgachgdpl e buf fer,
wherein the segnent of data sanples is a portion of a wi ndow of data
sanpl es having included therein the signal instance; code for rotating

t he data sanml3esAidompate pegmme predubt for acquiinyg a frequpren of assignal inswatd mat e

to provide .f%ﬁguenc -transl ated data sanpl es; code for storing the
f r equenciFSE Y HhE B EGCH SPRURIFANULSYSEM, FUNRIISRE e buffer: code for deri ving

an updated froayeRGYcchihOh seidniBE R AsRtbsI0r Srbsesiing WesNsmis Butfdrat ed
data sanpl es; code for repeati nl% the receiving, rotating, storing, and
deri vi ngwherpinithe segmyens of dptgesgmplen i a ghrtioneofvg windawod! dia seneplesphayvéngunt i |
frequenc St d i eyed for the signal instance or term nation
is reachéalfaﬁ%égmc@?rﬁlgﬁaél?ﬁ%ésng 1e medium for storing the code for

recei ving, thsdedoterdiaring thotathisagplet e acooetianéoowith taocurregt fredpencwdeod or

derivin nd the code_ for repeating.
ges?imate to prov?(ije frequency- ansfateﬂ%ata samples;

code for storing the frequency-translated data samples in the sample buffer;

code for deriving an updated frequency error estimate based on the frequency-
translated data samples;

code for repeating the receiving, rotating, storing, and deriving a plurality of times
through the window of data samples until frequency acquisition is achieved for the signal
instance or termination is reached; and

a computer-usable medium for storing the code for receiving, the code for

rotating, the code for storing, the code for deriving and the code for repeating.

24. A device in a wireless communication system, comprising:
a sample buffer operative to store a window of data samples for a received signal;
a front-end unit operative to process the received signal to provide the window of
data samples; and
a digital signal processor including
a rotator operative to receive and rotate a segment of data samples in

accordance with a current frequency error estimate for a signal instance in the



24. A device in a wireless conmunication system conprising: sanple
buffer operative to store a wi ndow of data sanples for @m@ielmg si gnal ;
front-end unit operative to process the received S|gna provi de the

wi ndow of data sanples; and a digital s‘]lﬂnal processor including a
rotator operative to recei ve and rotate a segnent of data sanples in
accordance with a current frequency error estimate for a signal instance
in the 24 JU vd data
anpl o, uner SR e nsEEERRNFE. SRRy R AR RN W OO
of data sarrploéslataamﬂplasTslaqmttmmoqfﬂmnmdadvolfdatpsmpﬁesahnd'e to derive an

updat ed frequency error esti rrﬁ e base” he fre qe cy-transl ated data
sanpl es, wherein EHEFEI YRUGhPOP fPEF ??B’ﬁta}no? pTSAUENYRIFAt i ve to

process the wiiigawpadeddit the $@ﬂﬁ€n@§-ﬂ§nslﬁwﬂﬁﬁ shnpled, WHef@s theotdiorfam@auency
acquisition is achieved for the signal instance or termnation is
reached; wherfEqpenchieonireinioop e aperativiestopguaease thedwindons eledatg semplenidow of
dat a sarrpl es i pr.ocessor
is operative pﬁ\%ﬁf}g?}?@ﬁlﬁ??{l@ %’ enc§r%g %lﬁéﬂ? :58%1@0 ﬂogthe%ﬁﬁkﬂ% forrront end
uni t power ed temiation is reached;

I

wherein the front-end unit is powered down after the window of data samples has
been obtained, and wherein the digital signal processor is operative to perform frequency

acquisition offline with the front-end unit powered down.



