WD 03/ 065673 PCT/ US03/ 02906 1 PILOT FREQUENCY ACQUI SI TI ON BASED ON A

W NDOW OF DATA SAMPLES BACKGROUND [ 0000] This application clains the
benefit oWopsmesessonal U.S. Application Serial No. 60/353c4n%03emoét| ed
"Pil ot 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 in its entirety for all purposes. Field

[ 1001] The present invention relates generally to data conmuni cation, and
nore specifically to techniques for acquiring the frequency of a pilot in
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on. These systens may be based on code division nultiple access (CDWA),
time division multiple access (TDMA), frequency division nultiple access

(FDMA), or sone other nultiple aBg@KGmes. CDVA systens nay provide
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certain advant ages over other types ystem such as increased system

capaci t y.[00gd] CDNH@»E Bantiof claiipk ¢d banediie DF PreGsidal ADBT ApplidadioR SRrigf NBDI €
standards, such as |S-95, |1S-2000, |1S-856, WCDMA, and TS- CDVA st andards,
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[ 1003] A i N i S).S: qukr i i d
From one TEd TP 31, o X5 3562 $OeRETUF e ThABR Robl ST, W]
many CDVAnsypdresed he@irpby @ference it itapstifietyt fod all porpossach base station to assi st
the termnnals performa nunber of functions. The pilot is typically

gener at ed'i®ldsed on a known data pattern (e.g., a sequence of all zeros)
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stations may be used at the termnals for acquisition, frequency and
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in the conmmunication |ink, which can nmake detection of the pilot difficult

at a termnal. Second, the received signal at the term nal
Background

[1002]  Wireless communication systems are widely deployed to provide various types
of services such as voice, data, and so on. 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 I1S-95,
1S-2000, IS-856, W-CDMA, and TS-CDMA standards, all of which are known in the art
and incorporated herein by reference.

[1003] A terminal in a CDMA system needs to acquire signals transmitted from one or
more base stations in order to receive or exchange data. In many CDMA systems, a pilot
is transmitted from each base station to assist the terminals perform a number of functions.
The pilot is typically generated based on a known data pattern (e.g., a sequence of all
zeros) and using 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 made challenging 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 signal at the terminal
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at various anplitudes, phases, and delays due to a multipath environnment.
Third, siwoastbss7serm nal may not be certain of its frequeaayusos/adoadi ve to
that of the system the received signal nmay be downconverted with a
frequency error that needs to be determ ned and corrected before

denodul ati on and ot her processing maydbe perforned. Fourth, for certain
situations such as when processing a quick paging channel (QPCH), the data

of interest. y. reside j.n,short r , i npl es
coveri ng%épl(é 't CItu ?#e’%‘ﬁfé‘ feo@%%vp%hgés;%aviaﬁg% gﬁpc{)tru a%%@%%@% idgllfa&?E)hrlle.S 1005]
Ther e i s atehiQhtr énvaronmest. | Third)esimet the aermifslnmaguesbé Certdin) W i8 feegaehdt in a
wireless (e.g., CDI\/AZ)Gcommni cation system based on a wi ndow of data

sanpl es. rEggaRthay of b pystarHhe geelyed signph Boy e donsranvarteh WHE drsaerde
frequency, @i ya dbtNo ?E Qlﬁéhnjn%&‘% @B%%&@éﬁé%o%”de%ldgihgx%}{vaﬁé fofh%¥ gro%@&ﬂl S
covering a tine period shorter than the tinme needed by a frequency control
| oop to aedy evgerfarmgde Foyrth,dok cerfiin sititionssuchesstvelien rocessinga quadk pagmg
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that includes the signal instance to be acquired may be initially captured
and stored to a sanple buffer. This wi ndow may cover a tine period that is
shorter than the time required t SEMMARYrequency acquisition. [1008]

The devi includes a rotator a a frequency control |oo0 The rot at or
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frequency error estimate to provide frequencCy-translated data sanples. The
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frequency-transl ated data sanples are stored back to the sanple buffer in

pl ace of provessedcéiffliog” datith venepessary- fifcuitry such as the front-end circuitry being

powered down to reduce power consumption and provide other benefits.

[1007] 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 acquired may be initially captured and
stored to a sample buffer. This window may cover a time period that is shorter than the
time required to achieve frequency acquisition.

[1008] The device includes a rotator and a frequency 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, decovered, and accumulated) to provide one or more pilot
symbols for the segment. The frequency control loop then derives an updated frequency
error estimate based on the pilot symbols. 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



anot her enbodi nent, the frequency-translated data sanples are not stored
back to the WD 03/065673 PCT/ US03/ 02906 3 sanple buffer. The w ndow of
dat a sanpWel3jioeseps ocessed a nunber of tinmes until frequemCy/uBo%ea986tion is
achieved for the signal instance or termi nation is reached. For each
iteration through the data sanple w ndow, one segnent of data sanples is
processed at a tine and typically in agsequential order fromthe start to
the end of the data sanple w ndow. [1009] Various aspects and enbodi nents
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i nvention w beco ar ent romthe detail ed description set
forth belwmdﬂ/wen taken in conjunction vvlth the drawings in which like
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SR L LRV R R R e S D R A
capabl e Ofietail HRIHTE NTHEN thvkA b Yt tHes q&s\tlaesaﬁ@uﬁmbogww}ﬁ Scolks, tdigitdl W@ | on;
[1012] FIG 2A is a diagramof a quick paging channeél QPCH) and a pagi ng

channel pxpc}-s)sord ¢DSReX réspi veSURIGO Germiinialsy @PSCFSt@! On3Bsystems, dnchgﬁhamnpraraéuses
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buf f er usw:tlets@ﬂfetioﬁﬁmr&ruttaﬂ@wwzf dat a sarrpl es; [1015] FI G 4 |s a flow
di agram of an enbodi ment of a process for acquiring the frequency of a
pil ot based on a wi ndow of data sanples; [1016] FIG 5 is a block diagram

of an enbodi nent of k glot froma

wi ndow of data sam|§@%??§mtf@%m§%@@ bl ock di agrans
of an enmbg@igpnt 19t f@atﬁfee%ﬁﬁgyand%om&ges loP &2 préseh PindtRion WiltheBoms Gfdry ed
signal strength indicator respectively.

apparent from the detaxled descrlptlon set forth below when taken in conjunction with the
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;

[1012] FIG. 2A is a diagram of a quick paging channel (QPCH) and a paging channel
(PCH) defined by IS-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 embodiment of a frequency

control loop, a rotator, and a received signal strength indicator (RSSI), respectively.
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bl ock di agram of an enbodi nent of a receiver unit 100 capabl e of

i npl enentwog3messious aspects and enbodi ments of the i nventicanisoiexes ver
unit 100 may be inplenmented within a termnal (e.g., a cellular phone) or
a base station. Aterminal may also be referred to as a nobile station, a
renote termnal, an access termnal, oy sone other termnnology, and a base
station may also be referred to as an access point, UTRAN, or sone other
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sanples a Imes the chip rate (1.
bei ng 1. 2288! Withené or mesrpwChdke syplifeargf LNA)etagas andfurthenfitlers Qesanplifesl f or

each chi .sanple period is referred to herein as an ADC sanple or a data
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140 for real-tine processing.
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 a complex local oscillator (LO) signal to provide a
complex baseband signal comprised 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 I and Q samples, respectively. In a
specific embodiment, ADCs 128 provide 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
Q samples 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



[ 1022] DSP 140 may perform a nunber of functions such as filtering,
resanpling, denodul ation, decoding, and so on. DSP 140 may al so i npl enent
vari ous cwotmsobssrpops WO 03/ 065673 PCT/ US03/ 02906 5 used pra/ysosvisde t he
proper sanple timng and frequency control for each signal instance being
processed, as described below DSP 140 may al so i npl enment a rake receiver
that can concurrently process nmultipl e signal instances in the received
signal. [1023] Cock circuits 132 provide the clocks and LO signals used by
various el epents . of receiver unit .100. .Eor exanpl | ock, circuits 132 may
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various configurations. For sinp : e various signal conditioning
st ages anaribumngadtrotsdgesaneple bnffer 130 clolch clsuisshiBn andiof-DEP 180. Gohexariie,
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node, the termnal can actively exchange data with one or nore base

st ati ons pregram, coflesrfomcantiotler bY0 angtlASR440.). And in the standby node (which
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channel ssage dresse na nessagesmay i ncl ude
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rechar ge the "tal k" ting %pen a call is placed_or received. lﬂ t he

i 31 A terminal may be designed to operate in one of several modes, such as

i dl e nodé;
“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., overhead
messages).
[1027] Many terminals (e.g., cellular telephones) are portable and powered by an
internal battery. The power consumption by the terminal 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

long and can appear at any time, continual monitoring of the paging channel for page

messages may significantly deplete battery power in the standby mode.



term nal continues to consunme power to sustain the circuitry needed to
nonitor the nessages transmtted fromthe base stations. Because a page
nessage aY obeeIees ati vely |ong and can appear at any ti nmeCTamsas/droal

nmoni toring of the paging channel for page nessages may significantly
deplete battery power in the standby node. WO 03/ 065673 PCT/ US03/ 02906 6
[1028] To reduce power consunption in ghe idle node, nessages on the paging
channel may be sent to a termnal at designated tines, if at all. In this
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pagi ng channel is partitioned into PCH slots, each of whi has a duration
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@PCH sl Otcﬁa’mn%??lpCﬁ; defined by IS-2000. For IS-2000, the paging channel 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 Mobile Identification Number (MIN), the Electronic Serial Number (ESN), or

the Temporary Mobile Subscriber ID (TMSI). The paging channel may be used to

transmit coded messages to “idle” terminals (i.e., those that have registered with the

system but are 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 (i.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.



whi ch al so has a duration of 80 nmsec. Each QPCH slot is further partitioned
into four franes |abeled as A, B, A, and B', and each frame incl udes
ei t her 96woro3hess7pagi ng indicator (Pl) bits dependi ng onpaitats®0299¢ 6 kbps
or 19.2 kbps rate is used for the QPCH  Each PI bit is an On/Of keyed bit
(i.e., a"0" or "1" bit value, with "0" = Of and "1" = On). Each
registered termnal is assigned two Pl sbits for each assigned QPCH sl ot,
with the assigned QPCH sl ots being the ones starti ng 100 nsec before the
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m ni num afangitwed aa, franel B’hahisheassadssion acltbnheatrsurd?| tHat ttheatwo VIISbiss ard ni num
of 20 nsec before the start o% t he PCH ot assom te‘ﬂ vvit%the CH sl ot .
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correspondi ng PCH slot, but 1s transmtted 100 nsec before the associ ated
PCH sl ot [103% PI Ths QPCEhist ised QPChnpnetiquivith the X§ithgnd funstibes tikap cahwel t he
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configuration information), the base station turns "On" both Pl bits

aSS| gned Peging signals that glart the termiralghatp §pded Dage Aisesagp ieahonh i RinEansalitigdhal
has%ﬂttf?%Pﬁﬁqn% %]&Cllag&?pcﬁish? any given Pl bit, detecting the

aSSI ghed s ‘as oes guar ant ee t hat the terninal will
actual | y [163331 veWhepageaseBasiagsehdy a pagd touneiing on ﬂfed?(iﬁit(br)lréquilrﬁs thee
associated PCH slot. However, a Pl hit detected as
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reduce power consunption since the page nessage is coded and nay be’l ong.
[ 1034] Fhash 12>Bamdsbaasdngagd withpdnyegivémEl bih elefeotingthe aes gnadgPlebislast‘Oad dpesgi ng

channel co ri sed For.this slotted pagi nneI
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channel figforRfH) Uethefa6R01atddPCH slot. However, a PI bit detected as an “Off” bit may be
interpreted to mean that the terminal does not need to process the associated PCH slot for
paging or other information, which may 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 PCH. For this slotted paging channel, the terminal
periodically rather than contihuously monitors the paging channel for messages from the
base stations. At time T}, the terminal wakes up from an “inactive” state prior to its first PI
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 samples to acquire the pilot and recover the PI 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 samples. 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 the first PI bit, the terminal may enter a “sleep” state



base stations. At tine T1l, the term nal wakes up froman "inactive" state
prior toits first Pl bit on the QPCH, enters an "active" state,

condi t i orwoan@ed7y)i ti zes the received signal, and storesPchasdavmocanpl es
to the sanple buffer. The terminal further initiates processing of the
data sanples to acquire the pilot and recover the Pl bit. At tine T2,
transmssion of the first Pl bit for ighe termnal is conpleted, and the
termnal enters an "offline" state to continue processing of the data
sanpl es v/ ne st t as )p(} i S
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receiver 120). Again, the termnal may enter the sleep state upon
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using the frequency and

first PI bit in the next assigned QPCH slot).

[1037] To properly 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 samples due to downconversion frequency error and/or Doppler frequency
shift may be relatively large (e.g., especially after a sleep). In this case, a relatively long
period of time may be required to acquire 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 period shorter than the time needed by the

frequency control loop to achieve frequency lock. This then allows the terminal to power



timng control |oops, as described below For the processing of the Pl bit,
it is desirable to capture as small a w ndow of data sanples as possible
so that tweoBmesst3end circuitry (e.g., receiver 120) is powdarsesioasps f or as
short a tine period as possible. However, the frequency error in the data
sanpl es due to downconversion frequency error and/or Doppler frequency
shift may be relatively large (e.g., egpecially after a sleep). In this
case, a relatively long period of time may be required to acquire the

frequency, of the pilot..[1038] In a (o I hnigues are provided fo
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cover i ng providd¥B/afl6lid flerdepEfier than the tine needed by the frequency
control loop to achieve frequency |lock. This then allows the termnal to
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i1 1 ustratidgernd b9HRoOGHAmaL of a sanple buffer 130a used to store a wi ndow

of data sanples. In this exanple, Ns data sanples are stored to the sanple
buf fer, 0401t heFHar3 isesdiagraindBustiating an eaweginen ef agamsple batfer BOagsed toon 1
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a tinme. bafbr, seigiend eafiedtu@tdesi)dacatampls cogpdge storethiy ®chlibri ¢ drdetheulatesy of
data sampl es needed to derive one_or nulti %I e pilot synbols. [1041] A read
poi nt er (@ewpsbdlatasampls beingstored 1a dogation s dbadnta sagples A thersaftes sgHeYRA of

dat a Sammﬁgg%fsgek% moge%%r%ﬂg,v ohd %5$1ﬂerqa£ FimE INBRh &%ﬁlepﬁ?{&g{/&% Lr'g,se\e%@a from

t he sanple r, the“read pointer I's noved to the“rig

cor r espoRrganplgs,anineratNp Mithe niinber efadata panplee neededabesrivhiend astultgdapilon Ns

of the s%;’wr'pr)lljglspuf fer, it is noved back to the begi nning
[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 Ng 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. Ng may or may not be 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 write pointer is also maintained 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. 4 is 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



of the sanple buffer (i.e., location 1). In this way, the sanple buffer is
used as a circular buffer. Ns may or may not be a multiple integer of ND.
[ 1042] Fowosmeseesrbodi nents as descri bed bel ow, frequencyPcmarsed/etved dat a
sanples may be stored back to the sanple buffer for possible use in a
subsequent iteration through the sanple buffer. In this case, a wite
pointer is also maintained and points §@ the start of the current segnent
bei ng processed. After the current segnent of frequency-translated data
sanpl es has ,been stor.ed back to.the sa fer, t ite inter is
roved + o S0 &RE gRation S o bk SEnGRAUS rstiorRia ol s Mhca sBmBRe 2 Gicko
Wraps ar @epilatk ohithsl 16681 Huver, Ahe filengSaisioaus her shonmeori desdrivag e FIGhe

| ast location Ns. [1043] FIG 4 is a flow diagram of an enbodi nent of a
process 4dor sigwligéyui ri ng the frequency of a pilot based on a w ndow of
data sa a AS rihe 6 / 0 6 10
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not shown or described in FIG 4 for si Iicit%/. [ 1044] A frequenc
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frequency acqui sition has  beep achieved. | enbodi nent . a.received
i gnal | SEMBRAEHNS NEPAvEPEpREdns PHRGE Ut 2 thet erlFacy ABipte s PenBt n of
the pi | ofhik SaddSREqRACY ARuisitRMUS BEKrmAIGEd badell oAMheIGil R Giréigth bdtimdidli s case,
frequency acquisition is determ ned based on the pilot strength estimate.

[ 1045] | 019433 | yInitidhly, theclmranangy eantiof dnopl adpthe figquansy faceujsisne delgelouings t i on
det ect or e .bath initialized tep. I.S: I
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initiali Zteg@erdchyecon®sl 1dop ta zkWakdlinigal(zng@the RSSI WBMow vdlbe (¢.gad3adBmMr i t e
pointers for the sanple buffer are also reset to the begi nning of the

buf fer. [(Tho4e3d pad Birite paintrsh & taeamlqbﬁﬁrt%ﬁlsedﬁ%%ﬁ%gge breinniag peiheng t he
next segpept, of data sanples to be processed fromthe sanple buffer and
updating the read pointer, (step 414). The retrieved data sanples are then
rotated lj10d4die cPRiloteidqubneoacgnisitioarther castmenads dy re@eyvirngahpmext stgment of

fr equenC)é-aétar s%rr}lsplle%ttg edp%géiessse%ngr)én% Sthe( g&rﬁ;ﬁe %1?1’)&' al;q] Lﬁdagﬁg t}?eeregg T)iog'l\t/eerfj (s?éi)
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, decovered, and
accumulated, as described below) to provide one or more complex pilot symbols for the
data segment.
[1047] The pilot symbols are then 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, Ferr, for the pilot 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.



performng a conplex nmultiply of the retrieved data sanples with a conpl ex
sinusoi dal signal having a frequency of Af (using a rotator). The

f requencyworoaneioat ed data sanples fromthe rotator are fmecTrhsosmocessed
(e.g., interpol ated, despread, decovered, and accunul ated, as descri bed
bel ow) to provide one or nore conplex pilot synbols for the data segnent.
[1047] The pilot synbols are then procggsed by the frequency control |oop
to derive an wupdated frequency error estimte (step 418). This may be
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termnates. [1049] OQtherw gse, if frequency acqguisitiqn has not.yet been
achi eved,tﬁfi ﬁ%ﬂ? ICT%PO’E)HV ereeﬁ’&oﬁr??ém“%ﬂlghgat%/ P@Wﬁ%ﬁc‘ﬁfﬁa‘i‘ 3%&51‘5‘? @}f Hg‘iugn%%{rrpl es
are store@nfack data LR8pRAME dotbl Qktepla2eh NeFsaR diREmlkivO erBdaIfert Nehe
correspondi ng data sanpl es used to derive the frequenCéa?translated dat a
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the end of the sanple buffer (step 428). |If the answer is no, then the
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and (pos y) Wite pointers are reset to the beginning o e sanple
buf fer ( Spepibld0yrite THintersrane essst tohthe begihningofttbe sarepledidfet ¢stqyr 43 s sltehe
next data segnent, which is‘ﬁh the start of .the sanple befer The ¢
f r equencPrEeFoNeR PR st HaPronst e nexbdrie SesmEbnhish 1t alofhe sfart o
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.
[1050] As described below, the instantaneous frequency error estimate for each pilot
symbol period may be derived based on two pilot symbols for two consecutive symbol
periods. Since there may be a phase discontinuity between 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 prior
iteration may not be valid and is thus not used to update the loop filter. This is not shown
in FIG. 4 for simplicity.
[1051]  Although not shown in FIG. 4 for simplicity, the processing of the data samples

may also be terminated if frequency acquisition is not achieved after cycling a specified

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



the end of the sanple buffer is used as the starting frequency error
estimate for the next iteration through the sanple buffer. [1050] As
descri bedwbabBmvse7s he i nst ant aneous frequency error esti matreTfusos/emoh pi | ot
synbol period nay be derived based on two pilot synbols for two consecutive
synbol periods. Since there may be a phase discontinuity between the | ast
and first data sanples stored in the ganple buffer, when the read pointer
is reset to the beginning of the sanple buffer for the next iteration
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sanpl es may be’retrieve n processed in an iferative nmenner, as nmany
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i s obt ai ReIrdiehd\eerrdif Aechcer@Ntrimlatddmiga saniled id emalbedédresi. wher eby t he
frequency-transl ated data sanples are stored back to the sanmple buffer,
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error inthé requency-%r nsliated da sanppes I's snel " or near zero.

[ 1053] | rnibbaingdnt ethaafreqineyrieod restinatet fromf theq frequaney reonsbhiep tetassanpl es
are not stored back to the sanple buffer and step 426 in ElG 4 may be

omi tted. 'PHirdithe dntialbieieRsherrok Hethe A2 EmeR/eePBY the APHE Imphicing
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equal to the initial frequency error, a the frequency error in the

frequencﬁeﬂl"?i’r‘fé’ﬂ%f’t“g]ﬂte&lél? sg'xgprp%qs&agaén %{@afﬂr BRI %r near zero.
[1054] Once frequency lock 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 Sample
Storage,” filed October 13, 1998, assigned to the assignee of the present application and
incorporated herein by reference.
[1055] The data sample window size may be selected to be as small as possible to
maximize power saving but large enough to provide high probability of frequency
acquisition. The time required 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-interference ratio (SNR),
and so on. The data sample window 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., covering 1.67 msec for a chip rate of 1.2288 Mcps) may be

stored for offline pilot frequency acquisition.



[ 1054] Once frequency | ock has been achieved, the frequency-transl ated data
sanmpl es may be denpdul ated and (possibly) decoded to recover the pertinent
data. O fwome/eprocessing for pages is described in furthectdsoaiissn U. S
Pat ent Application Serial No. 09/172,067, entitled "Conbi ned Searching and
Page Monitoring Using Ofline Sanple Storage," filed Cctober 13, 1998,
assigned to the assignee of the presenjygzapplication and incorporated

her ei n by reference [ 1055] The data sanpl e wi ndow size nay be selected to
be as s [ t
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frequenc;g Frror may be | arger, and the w ndow size for the second Pl bit
may be s mail'eér than that for the first Pl bit since the frequency error
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based on various designs. e specific design is described below [1058]
FIG 5 iglam binguids fbir algis aimeoperod enitoctdnesample bufii$Pl 304 0ed trhgttherasftdsebeus ed

t | ot f dow of. dat Ref er r.i ktFIG
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speci fi C#rb&@so?%dh@d'n i PEG VY fyglgﬁhlgfc,t ﬂat a sanpl es for this tine peri od is
stored in sanple buffer 130 and BI ereafter retrieved and provi ded

to one oll®aHe pInl ot mpltipetis smwsormemt f eachpiransestsftdqglgn@h imayohe 1pédivad via
processor ulﬁpl% 81gnal pathsFI :«%d aefr%elvec{r&gna X\} thus include multiple instances of a
given transmitted signal. Each signal instance is associated with a respective amplitude,
phase, and arrival time at the terminal. The window of data samples may thus include
multiple signal 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 finger 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.

[1061] 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,



[1059] In a nultipath environment, each transmtted signal may be received
via nmultiple signal paths, and the received signal may thus include

mul ti pl e woaBasses of a given transmitted signal. Each sipgmalsos/o®b@ance i s
associated with a respective anplitude, phase, and arrival tine at the
termnal. The w ndow of data sanples may thus include nultiple signal
instances (or nultipath conponents) of{pne or nore transmtted signals.

[ 1060] As noted above, DSP 140 may i nplenment a rake receiver capabl e of
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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 -T./2 and +T./2, respectively, from the on-time sampling instants.

[1063] A PN generator 516 provides to each despread I & 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 I & 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 for 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.e., integrates) despread samples for a particular time duration to

provide a complex pilot symbol, P, + jP,. For a continuous pilot structure such as the



each chip period, interpolator 514 provides an "early" interpol ated sanple
to a despread and integrate and dunp (I & D) el enent 522a, a "l ate"

i nt er pol awed3®esspt e to a despread | & D el enent 522b, anacarusSiamové ne"
interpolated sanple to a despread | & D elenent 522c. The on-tine

i nterpol ated sanpl es are approxi mati ons of the data sanples that would
have been provided by ADCs 128 had theyspanpling clock been aligned to the
"optimunt sanple timng, which is the timng that woul d have produced the
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strength eHBr H%?nd? 'Flegt, wWhi¥H € "in estimate of the instantaneous error in the frequency of the

signal instance being processed. A loop filter then filters the frequency error metric to
provide the frequency control, Fctrl, 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 comparing
the pilot strength estimate from RSSI 532 against a threshold value (e.g., -14 dBm) and
declaring frequency acquisition if the 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, Tctrl, for interpolator 514. In
particular, the pilot symbols from despread I & D elements 522a and 522b are provided to
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



is also indicative of the pilot SINR since the total noise is known or can
be ascertained). A specific design for RSSI 532 is described in further
detai |l beWwows/0ps065] The pil ot symbols derived fromthe omCriuses/ 02906

i nterpol ated sanples are used by frequency control |oop 530 to derive the
frequency control, Fctrl, for rotator 512. In particular, within frequency
control |oop 530, the pilot synbols fregm despread | & D elenment 522c are
provided to a frequency discrimnator and used to derive a frequency error
metric, Ferr
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540 then quantizes the fine-grain timing error, ¢, , to provide a coarse-grain time offset,

t,q» 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, 2,

[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 embodiment shown in FIG. 6A, frequency discriminator 610 receives a

pair of consecutive complex pilot symbols, P,(i) + jPy(i) and P,i—1)+ jP,(i 1), from

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

these pilot symbols. In particular, within frequency discriminator 610, a multiplier 612a



(i.e., Ep early EP, late) to timng loop filter 540. O her types of timng
discrimnator may also be used for the timng control loop, as is known in
the art. W008@s6The output fromthe timng discrimnator @PQT/0M®D6526) 1S
the timng error nmetric, Terr, which is an estimate of the instantaneous
error in the sanple timng for a given data sanple. This timng error
metric is then filtered by timng loopqfilter 540 to provide an out put

i ndicative of the fine-grain error, td;ff , between the ADC sanpling
instants and the, "
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filter 620 includes a single accumul at or enented with a sumrer 624 and
a regi st @re &agriberiia nugspousirpieencesiyatlalon K s (Pesuch reference is a book by

A.J. Viterbi, entitled “Principles of Spread Spectrum Multiple Access Communications,”
nd 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, 4+ /Do - 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, Fctrl, 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, Fetrl, 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)



frequency error nmetric, Ferr, fromfrequency discrimnator 610) is
initially scaled wwth a scaling factor, KF, by a multiplier 622, and the
scal ed vawoasioesethen accunul ated by the | oop accumul at or PCThS0®09pat from
t he accunul at or conprises the frequency control loop output, Fctrl, which
is provided to rotator 512. This |l oop output is an estimate of the
frequency error, Af, of the data sanplg¢g. [1073] Qther designs that may be
used for the frequency discrinnator and Ioop filter are described in
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conpl ex data sample, D, is provided to multipliers 642a and 642b, and the

i magi nar pampplet D@fft the data sanple, DQ, is provided to multipliers 642c
and 642d. Multipliers 642a and 642d al so recei ve the real art of the
si nusoi d&107i gnaFIG.HC lmblwhldnaamm@f andBH B whigk in speciecenbedimgat

i magi nary. i n h. N

mur 1 pii SERERESH ol L &7 T33P FlroRioB B s o HE DU B FhicB Ao o

sumer 64d&l toaRfirmake ﬁlﬁ&ﬂhéi‘%bhbt&@é@eh&}eacﬁﬁﬁdmtha@been achieved for the pilot.
[1078] In one embodiment, the pilot strength, RSSp, may be estimated as:

Ng
RSS, =K > {P}()+P3()} , Eq (1a)

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

the i-th pilot symbol period derived from the on-time interpolated samples, Ng is the
number of pilot symbols to be accumulated 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:
Ng
RSS, =K D {|P )|+ P} - Eq (1b)

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

scope of the invention.



mul tiplier 642c fromthe product of nmultiplier 642a to provide the real

part of the frequency-translated data sanple, D, ft . A sumrer 644b

recei ves wod3®edes3 t he products of nultipliers 642b and 6#2d/1so3/powi de t he
i magi nary part of the frequency-translated data sanple, DQ ft . [1077]
FIG 6Cis a block diagramof an RSSI 532a, which is a specific enbodi nent
of RSSI 532 in FIG 5. RSSI 532a provifgs an estinmate of the pilot
strength, which nmay be wused to determ ne whether or not frequency

oi ot st E0ATh: RECRS I EEbod flepk FRaPLI G 6 (5 il i R o
{P, 2(1) +iidsdd ot\bffaBiof({4)) "ﬁfédreg%z(rl,) P, &) an P &SGRty pAlleP!®2lof @Rl pilot
i magi nary parts of the pilot synbol for the |-tf% pi’l ot sycf'rbol peri od

derived fsuRBbL A6 sqilarkd B9 rhilinRudo k@labds 6DPhRS 66 respettiRly, RMaTIRY sqifarddi | Ot
synbols to be accunul ated to derive the pilot strength estimte, and KR

may be seéiabies erg sammed byl smpmer PG oprovide Ao prietrengrgydar tertth pilpiesysnbabt

strengt h,RSSP, . may | St i X =KR < f | +| ") . Fq(ib)
Q her te(;]:rl?ﬁ ipilﬁte%nerrég/ltgg?egloscglga ta‘i%ﬁfnng@? flrﬁﬁgp Qf?g 6|%iafl(5))tthesstcfﬁ% il?l]t?enaer this
i s W thinRs aftemusaepdy ah dcbemiulawe Rohphised\6F B 3hRakd 688 Rad/UsQRtdd 5706 THe

[ 1080] For RSSI, the enbodi nent shown in FIG 6C, the pilot strength is
est i mat edcCHREHEAr GerioFNat IGHIPIREPD a¥eE § grtiquar: time dpmation §-&-h Nej REYS nar y

part, PQUA{hhoR). THE oa'ngro yf{?)&écu@lh&togqygﬁféam mﬂgl?heﬂaareglgﬂem@ﬁaq f62a

and 662b, “respectivel nd the square al ues are sunme a sumrer 664
to provi geotites tpicbontrolemddgy for the i-th pilot synbol. The pilot energy is

t hen scal ain KR.b mul tipli 6 dth led pilqgt e
oottt SR bt Bt P Rl Aot S e,
670. The anaghpMbckt BfesREIES 2baB TREL WL @bhiPhraeCoin) 8672k Cdaldadlsd hginsdr at i on

(e.g., NE pilot synbols). The output fromthe accunulator is indicative of
t he pi | otlower lonlytthreshod,.chodksTHpr by iadeqinpasaten §72p| |(ompasgor 672a provides a

status signal, Enter_lock, which transitions to logic high if the pilot strength exceeds the
upper lock threshold. Correspondingly, comparator 672b provides a status signal,
Exit_lock, which transitions to logic high if the pilot strength falls below the lower lock
threshold. A logic unit 674 receives the status signals from comparators 672a and 672b
and provides a status signal, Freq_lock, which is logic high if frequency acquisition has
been achieved. The Freq_lock signal (1) transitions to logic high whenever the Enter_lock
signal 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
Freq_lock 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 accumulation time duration by despread I & D element 522c.
The smaller amplitude pilot symbols will then result in a corresponding smaller pilot
strength estimate from RSSI 532a. Conversely, if the frequency error 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 strength estimate will be correspondingly larger.



[1081] In an enbodinent, within controller 150, the pilot strength is
conpared agai nst an upper lock threshold, Lock THH, by a conparator (Conp)
672a and wibg/expas nst a | ower | ock threshold, Lock THL, rgTaiSo®nas at or
672b. Conparator 672a provides a status signal, Enter-Ilock, which
transitions to logic high if the pilot strength exceeds the upper |ock

t hreshol d. Correspondi ngly, conparatoro®72b provides a status signal,
Exit-1ock, which transitions to |ogic %l gh if the pilot strength falls

bel ow th r l,oc t hreshold. A |l agic,uni 67 receives th tatus
ot gnal s TG corbi deeatEaisting Tl St ed Pl saS Srtifiul $iof ity R
Fred_| oClhe ¥WhHsClarsthitt@Dif 19198 hind fISEZ000USBRIMsAC T S ChRD thed&inddRe Bf aehi eved.
The Freq_l ock signal (1) transitions to |ogic high whenever the Enter-Iock

si gnal t samples magidetpartitoanied imp gliciningl (qpsyiblyaansadiqiningy pegmentsh aucheadh t he

EX|t-Iock Si naI LT gnsl s lock detector design
provi des ?ﬁ?% é%aglber nev%] r@ﬁgces%—éa%g?cﬁf Epé}log%él does not continually
toggl e betogagn the ffré(ﬁﬁﬁey”lﬁéquisﬁﬁiﬁ rﬁﬁyialwbeﬁ&lls\tealtlﬁSed of 1@&2f pR&Skuch3da may
be initialized to a | ow val ue at the start of the pilot

f r equenciheangsit@nsmisigd is 19rg ¢ I%d ﬂg@Mél Sgﬁtﬁlr’?s Théhig sascepnly t REURER ﬁﬂ‘aat or
hi h
W thin %ﬁ?}})le? ﬁ%ﬁnﬁgﬁ)\g é.\é@d &ﬁéf?ﬁtg%ﬁqggrbog/‘ drf¥r eStih &8 Q%@rekﬁev@@ dad prhcesegac

pi |l ot sy IS rec ncy error o
frequencynd lrmhmgaﬂitai&tmpleﬁmayebs ansittect| dheseepertihent glata sampitest dne typieadhyi t ude
of the pil ot

| 11 f th t | at
of 1 nestis e e ey arhen Be BUELAT AL FORTEFAS (ot D B By PRSaRt £Rd | &
D el enenbsi%&ﬁpuot%ﬁ%wfelomlp hielg1opin 23-856YT0RdrSa Whrkd Eﬂ&qmrfsmian ina

corresponding smaller pilot strength estimate from RSSI 2a. Conversely,

if the fs@qmnclygbarr @mns;mttmverrr sqiepieally upethdpmtthel pilet aburstapanddon glata

relatlvel hen ude he o] | s
Wit b p gt h offEP pedSiopd Ol alPRR! ARy B plOCh R ol wi P,

| ar ger We &%ﬂ:ﬁﬁﬁ&&ﬂ%ﬁﬂdﬁﬁﬁtm 9166 despRedd I083) elheent 5220)angybassiai foi on
may be achi eved based on a continuous pilot, such as the ones transnitted

in | S-95barsons- d@twa@t syrbelj Bay: ke &availahle ipiaffling progassing y&hﬁlﬂtes may
b t |
cnch seOrBlichy B dadi LM 3 AP BIS, rfdal A OB, EQERRMRATS)

The frequaaeyl maybe sclédtahtortr)32all 6@, beewnife wwadhifsafoethe@ated pjlat mdSE360t , such

as t he onestransmttedln IS—856 and W CDMVA s engy. this c only
"perti net085dat a'ors simn ’égy’t e ieAYeNsY AN ffe\sfglsbﬁdfﬁr‘l@dﬁe%??e‘?“r &r

estimat € \akGerkUilogY Gife %ﬁsﬁé&f’m gamio fbera%ma'véw bekRk%ors AXBY&Sd s e
omtted. These pertinen anpl es are typi cal

symbols, or a combmatlon of pilot and data symbols, and thls 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 acquisition (as described in detail
above), timing acquisition, gain control, and so on. These techniques may also be used for
general parameter estimation, where 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 be 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).



those for the tinme period when the gated pilot is transmtted (e.g., the
data sanples for the 96-chip pilot burst in each 1024-chip half-slot in

| S-856). Worozmesyat ed pil ot transm ssion schene, higher tpamarsos/oposer i s
typically used for the pilot bursts and/or data transm ssion on other code
channel s may be gated off during the pilot bursts. In this case, the
coherent accumul ation interval (for deQFread | & D el enent 522c) nay be
selected to be shorter so that nore pilot synbols may be avail able for

of fline SsSi wi t hout rastically.de | liLYy..Q pi | ot
oyrbol . WA o e abbge s SfiabRnerREh O "M Mo ¥edhisbitadierfED 5o
16, 8, Ompréésda hiviv 61ddes sdndled tdeacgairetheRirhiag of & slgnaBimbtancd. 188 Blovoin
si npli ci Eﬁﬁ t he frequency acquisition is described abgve based on a

i

recovere ISotthe [egeanen candab@ings Fenteh 1peRs eans 6oKuITsRlly Opedicyas dhe slhita
I e o . '
Chio o wRles to RUARE feauBho Puf® MM o B Rlop A% ffifle EBAGUITDHG b0,

her ei n wWhgleab¥cifievé B8R Ehdieet perdd Bl teifie ifXhe infited @ning biroR17QG &Ssrdl. tThe
achi eve acquisition may be used for various types of |oops. For exanple,

t hese t echatlypurestypiryllpeblaseprovale dnrisjabtimingasgmatei wiklomn ¢racr afdess thdngahlfi n
detail above), timng acquisition, gain control, and so aon, These

t echni quéschimypr :ﬂns%%g - U4 e tige rewﬁ tepchiayetiiBingracawisitionis inpgenihan fhe; he

wi ndow of data sanpl es nmay be used to,inproye he accurac f the estinmate
for the. JRdHGe. D0aliCede SaPRIH dbi PP CYTBIE RHTT. BAGCUP SRS, FHHECoR. | For
exanpl e, detfofRYheRfiniA@ 284 RiB0oA 0 Use future information to better estimte
inter-synbol interference (I1SI) through equalization techniques. In

general , [1088]1t echie freesenciecopirpblagphiapeiba abld swgcquiner Bequenge bggedsomihe

wi ndow of .data I ie) [ .Sk G r opp, t hat
normal |y e oL 3R sFplsd VG GG cfind BB Goorl EHPEAHOR g octOfd
(i.e., thrcagedieswindow dite® ihsufficiegdr I bae aldivatiiat methadmd ebwimdonigsitee) . WO
03/ 065673 PCT/ US03/ 02906 21 [1087] For exanEI e, the techni ques descri bed
herei n mayingew ¢f lata sameplesyis searched wb e spalisskresolytign pesiblsr (€ Gat RIS es to
acquire t’lhf%():.t 'Iﬂﬁ%:? pPdcesord Hdathed %§§i$ﬂéﬁ asét® o MVELshIR of 'ﬁlcgaea'i_’eh bR wholigauency
and timing Contr oops can concurtently operate on the data sanples to
acqui re foegigudemydudanibnt i dh rpothee sytentative Inyethod) ethe i windgw cofhtdatal sdmgdes say be
able to achieve lock in a short ﬁeréod of ti if the initial tim.ng
error, té&pHched & aerarser ragplutioned/papd fheniip fieye 2 I“éertfﬁmﬁa‘ft&?i dég%m,

U oS ot gy e [ 8 (ot <

t he [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, micro-
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



w ndow si ze, then the data sanples in the sanple buffer may simlarly be
reused to performthe timng acquisition. [1088] The frequency control

| oop may We oabbws73 0 acquire frequency based on the w ndowcafusdaomosanpl es
even if the timng control |oop cannot achieve timng lock (e.g., because
the wi ndow size is insufficient). In one alternative nethod to obtain
timng, the w ndow of data sanples ispgearched at the smallest resol ution
possible (e.g., chipx8 or T,/8). Finger processors are then assigned based
on the resylt qf .th (eh..a I beql l.al 1.Qn... I
al'ter mat 108 e R R M oy Bl SR TR BB RO LLE N
resol uti @an bd EdrdmuaieatiidheBoupldatoRied prioestér \da Varitais nie@ao hlisikabwn Agehicnut.
finger processors are assigned based on the result of the search. [1089]

The techdlflds dEreceantellaeamaaymlsmbe mplementedivith @ compinaiion of bargearssandror
exanpl e, t I S e q]gg(r i r f r a
conbrr})nat iséﬁ&gl'?helfogg:? %ﬂggf hﬁa‘i‘i’iﬁ/g&dr\}\l‘a@ki np anre}g?\ﬁt%tt?gr@w? e %Ogﬁtabgll% ‘8/8% and
support ehdythel dsed tonmypldrrentithipirequendt yedisatirinator emeloop filter.e appl i cati on
specific integrated circuits (ASICs) jgita i gnal processors (DSPs),
o tal 4RI hbceEys detrivbe o essionst epodEa: RG] RS
(PLDs), fahg k)grs AaneIHERS Srt G Bk&b! ¥ Shd FERAS InveRiQF SP&UR mdaPidaliBhd @ S.
m cro- controllers, mcroprocessors, other electronic units designed to

per f or m ttiese fenbotingenss wilk berichdilty hppaednt to dhose skdtedi inathe aatt, tané rteo fzenesicDSP

may al so be desigped with th capabi | i to ipplement nultipl frequency
and/ or tipﬁlinﬁ@fesggﬁ??dolller?%%@%enapﬁﬁf’gh %tbgro?mol?%l ent Wiog elpgﬁlgg-ﬁ(r?ur? ﬁ“ :%pl exed
(TDM maRrpRit or 5cbPOOI tHeQhventisAl THaY, ehd pradeRiRIVERtidnol not Meendedto i lithie@ptoand/ or
support elenments may be inplenented with nodules (e.g., procedures,

f unct i ondhe embodiments shewahersit brimie he acqordad the W dest scapesoasisentevith thene

sof twar e - | y unit (e.g., nmenory 152 in FIG 1)
and execL??‘glgl%%ﬁqgé{ggge(l:%ag%rrgg?lgaa%dr%ggg roller 150). The nenory WO 03/ 065673
PCT/ US03/ 02906 22 unit nmay be inplenmented within the processor or external
to the processor, in i Gh, . case | can be communicatively coupled to the
pr ocessol1083} vaW%g\,i%éSalﬂéflg\@ﬁ?ézknovm inthe art. [1091] The control

| oop may al so be inplenented with a conbination of hardware and software.
For exanple, hardware nay be used to derive the pilot synbols, and software
may be used to inplenent the frequency discrimnator and |oop filter.

[ 1092] The previous description of the disclosed enbodinents is provided to
enabl e



any person skilled in the art to nmake or use the present invention. Various
nodi fications to these enbodinents will be readily apparent to those

skill ed iwotlheemrs, and the generic principles defined hecaiusosrmpobe
applied to other enbodi nents w thout departing fromthe spirit or scope of
the invention. Thus, the present invention is not intended to be limted to
t he enbodi nents shown herein but is t e accorded the w dest scope
consistent with the principles and novel features disclosed herein. [1093]
VWHAT IS CLAIMED | S: WD 03/ 065673 Pw 2906 23 CLAIMS 1. A device
operable to acquire frequency of a 'St nstance received in a wreless
conmmuni cation system conprising: a rotator operative to receive a segnent
of data sanples and rotate the data sanples by a current frequency error
estimate to pnovi da fsvesuemesbld taasd atcelleqidhey sRaRignal insihes edceivetién aegnent
of data sanples is a portion of a w ndow of data sanples having included

t her ei n MiEles$ gRAMUNIGIRLYECT, RIMBIFIREquency control | oop operative to
derive an upd d i

Frequency-  r agdTaice SPEHRIA 186 & a ERIGTED Canup Aile it Bt the datn samples
control byocopuaest dequaky vardroepimeteds proeidei freipencyf-trasded alapl eamples,
plurality of times until fregue cy. acqui.sition is achieved for the. signal

i nst ance “oereinthe pgmephof datp Samplas is » Pagtign 9hvA wWindgy ?:ﬁ g"i'tﬁ]sir,np{ﬁﬁeha&nﬁ t he

durati onjRiudel MerSiA VIR §haPihnstdnge;Whadow of data sanples is shorter than the
duration of tine required by the frequency control loop to acquire the

frequency of nHequerpya¢onimbiaepceperagive Thaledus ian aipdited Ifrgdrency upsresiimaiche
o o g TR aPUIEE 8, B oy i o

sequent i he W ndow,

pl ural it Yoopf afei 6@sativé. tol pRcedVineewitidot! af @ath, sdmiplésharplagiipy io$itfiges antil
despreader operative to process the data sanples in the segnent to recover
a pil ot feawencyacayigtion isiaghieygfor theignahinsnee erHemyipaiansg r¢ackefliency error
estimate is derived based on the recovered pilot. 5. The device of claim
1, wherein the frequency control |oop includes a frequency discrimnator
operative to deter Thadedcd ofecjaientywheremrtherdtmation bismd covered by the window

of data samples is shorter than the duration of time required by the frequency control loop

to acquire the frequency of 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

a loop filter operative to filter the frequency error metric to provide the updated

frequency error estimate.



one or nore pilot synmbols obtained for the segnent of data sanples, and a
| oop filter operative to filter the frequency error netric to provide the
updat ed Woeqguewsey error estinmate. WO 03/065673 PCT/ US03/ @290503/22906. The
device of claiml1, further conprising: a frequency acquisition detector
operative to detect for frequency acquisition based on the
frequency-transl ated data sanples. 7. Jhe device of claim6, wherein the
frequency acquisition detector includes a received signal strength

i ndi cator (RSSI). The devi,ce of . claim11,. further conprising: a sanple
buf fer operative tghgtdSYl&e?%gaW ﬁn%&}’%ffcogg’?ﬁm%arrpl es. 9. The device of

claim1, wher qiffequbfeyldcqaidiRid Yetecfn dhera@ok @aletect eotifteBeRdytacqbisRiofhalidCck in
pl ace of the corresponding data sanples. 10. The device of claim1, wherein

t he wi r eloadhe Gequeney-tanslaed d3tasanples a  CDVA system 11. The device of
claim1l1, wherein the wi ndow of data sanples covers a paging indicator (Pl)
bit for a quick paging channel. 12. A device operable to acquire a
paraneter of g.si gmak devisé ahelgini 6cehareidl thefrequenty adgssiti@ndsrutdrdatludds a
system conprising; a processing unit operative to receive a segnent of
data sanpPestvedsiEngh Beagtd lflqi\‘éatoﬂai%ﬁéarrpl es in accordance with a current
error estimate to provide corrected data sanples, wherein the segnent of
data sanples is a portion of a wi ndow of data sanples having included

t herein the si§gnal Thastene ef clamdl Augbertaoaiprisingp operative to derive an

updated error estipmate. based.on the corr.ected ata sanpl es, wherein the
processi ng uni®tSa3R f PRI Sgﬂr‘éﬁﬁd‘élpg?‘lv\?gd?SSf)%géss the w ndow of

data sanples a plurality of tinmes until acquisition of the paraneter is
achieved for the signal instance or termnation is reached. 13. The device
of claim 12, VhereiThetdemicpafabaimet. wherpia the dredpentyrtsanslatagudaie yampigs are

03/ 06567%({?%5%&3 g@éﬁggggthféggés%gpéggdgtg\égrﬁslegf claim 12, wherein the

par anet e e urre

10.  The device of claim 1, wherein the wireless communication system is a

CDMA system.

11.  The device of claim 1, wherein the window of data samples covers a paging

indicator (PI) bit for a quick paging channel.

12. 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; and

a control loop operative to derive an updated error estimate based on the corrected
data samples, wherein the processing unit and control 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.

13.  The device of claim 12, wherein the parameter to be acquired is frequency.



timng. 15. The device of claim 12, wherein the duration of tinme covered by
the data sanple window is shorter than the duration of tinme required by

t he contrwb oBoeis7i 0 acquire the paraneter. 16. An i ntegr ®CadiSo3/0106 t
conprising: a rotator operative to receive and rotate a segnent of data
sanples in accordance wth a current frequency error estimate to provide
frequency-transl ated data sanples, whegein the segnent of data sanples is
a portion of a wi ndow of data sanples having included therein a signal

neLance Lo, b5 0oG SR A0 el EMEREH SN R PRLEREATIS Al v

an updat ed fredquen 7o S uency-tran ed data
sanpl es, tifiggei n the rotator and frequency control |oop are operative to
process the wi ndow of data sanples a plurality of times until frequency

acquisition is achieved for the signal instance or term nation is reached.
17. The i ntegnat edGlLrcui f1.6l a4 . : 1Si 0gQ,

buf fer operatil\sé tc}q;1 gt%ylggtozglﬁmhn%v% elggﬁ%ﬁ@%ﬁgﬁﬁh&l@eﬁeﬁ?fﬁﬂgﬁat ed
circuit eimpleaiindd®,is Shorteh éran clonpuragomaf time freqipad by theacsmuiod idapan adediect or
operative to provide an indication of frequency acquisition based on the
fr equencye P2iMBFEE - ed data sanpl es. 19. The integrated circuit of claim 18,
wherein the frequency acquisition detector includes a received signal
strength indicator (RSSI). 20. An apparatus in a wreless conmuni cation
system conpr iléi ng:Ammtagsatédeirquigtcampnging: segnent of data sanples in
accordance w th %tcur reqi fre%uenc error esti matee, 1 o pr qvi de dan
frequency-t r aRSCHIYULRFLYC QDS ANTQHT / SpLen soggdr?\g%§ IOt X°LipT%s i s
a porti oRvith adcuMentl @iqéncyadriorSEaRS td Prdvige iffa;qhw\gctrdnbmeai flata Safmippe Al

i nstance whose frequency is to be acquired; and WO 03/065673 PCT/ USQ3/ 02906
26 neans Whereindhe segmeena @f fotatamples: isqu eadipnefra Window ahdatapwawiesdinavinge

f 1 equency;. 1305l atorl; g 7 aAEPI probkal gyd he means for rotating and

means for deritving are® configure 0 operate on the w ndow of data sanples
a plurality ofa fréqeenesntortrol lespuepeestiveawaderive tanoupdated dedgjuenederfar estilatesi gnal
instance or termnation is reached. 21. Th% apIP ratus of .claim 20, fulrt her
conpri si ,lp@ged on the frequency-translated data samples, wherein the rotator and frequency contro

loop are operative to process the window of data samples a plurality of times until

frequency acquisition is achieved for the signal instance or termination is reached.

17.  The integrated circuit of claim 16, further comprising:

a sample buffer operative to store the window of data samples.

18.  The integrated circuit of claim 16, further comprising:
a frequency acquisition detector operative to provide an indication of frequency

acquisition based on the frequency-translated data samples.

19.  The integrated circuit of claim 18, wherein the frequency acquisition

detector includes a received signal strength indicator (RSSI).

20. An apparatus in a wireless communication system, comprising;:

means for rotating a segment of data samples in accordance with a current
frequency error estimate to provide frequency-translated data samples, wherein the
segment of data samples is a portion of a window of data samples having included therein

a signal instance whose frequency is to be acquired; and



means for storing the wi ndow of data sanples. 22. The device of claiml,
wherein the neans for deriving includes neans for determ ning a frequency
error nmetwbD@3lbewexl on one or nore pilot synmbols obtai nedPptarusohiesegnent
of data sanples, and neans for filtering the frequency error netric to
provi de the updated frequency error estimate. 23. A nethod of acquiring
frequency of a signal instance receivedgin a wireless comrunication
system conprising: receiving a segnent of data sanples for processing,

wherein the segnent. of, data sa iS a portion o wi, ndo f data
sanpl s havi ngPHEI BaEEThe B panid Teiegrany STt ingl: Skl 30 e Trenl e o
sanpl es i PaRfkE dRARCRMMdsh whefdih BBt mEdmRAfRNGYLAET Ad ERhhITESE dé@vin@rRyi de
frequency-transl ated data sanpl es; deriving an updat ed frequenCé error

est i mat e dsasigdredrio aperafer ey thenwindpwaefsdaia semplas e Plurahiyl ¢fstime pgtil Bpeuentyg t he
receivin rotati.ng,.an I Vi . rali | hrough the w ndow
of data gaé:ﬁ'%ﬁleusond%%lwevf &(fa%ﬁé#\gégggéﬁﬁﬂ#to?g@ nsa?léréﬁﬁ %@%&hfor t he signal
instance or termnation is reached. 24. The nethod of claim 23, wherein
the deriving includes processing the data sanples to provide one or nore

pi | ot synbol s,2ldet eFhfi appagtus of ke {Prder SHMPRSINE ¢ based on the one or

nore pilot sy ol kind ¢ i ncy error netric to provide
the updat ed f@%‘grﬁ%y er"%‘?‘%ﬁ‘?‘?ﬁ?ﬁ@%%‘%%‘i’%65673 PCT/ US03/ 02906 27 25.

The nethod of claim 23, further conprising: determ ning frequency

acqui sition based We.fr ency-trans| ated data sanples., 26. A nethod
of acquiring ?f?eque eesrea?gragﬂ b W}hﬁ@frhﬁ]?ﬁénqaﬂs g)rgﬁ\'fﬂgg fi cati on
system conprigbig for RERMYAiRG aFredBEHES HhroP inetid BasERBR bESof MbreiRE SFAbAY

wherein the segnent of data "sanples’is a portion of a wi ndow of data
sanpl es hebraingd fondhesggaentind datarsamiplessangnal i nst ance, and wherein the

duration of t irglneaan%()f\(/)ga 'fi?tgd?% .tlﬁqhgrﬁmer}lgwgr}o% xﬁ&gg ttg rpr(t)\ngé1 tﬁehﬁpciaiteqp fre&l?e(ﬂg;' red

to achi eve freqtiency acquisi
error estimate.

23. A method of acquiring frequency of a signal instance received in a wireless
communication system, comprising:

receiving 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 the signal
instance;

rotating the data samples in accordance with a current frequency error estimate to
provide frequency-translated data samples;

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

repeating the receiving, rotating, 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.

24. The method of claim 23, 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 error estimate.



rotating the data sanples in accordance with a current frequency error
estimate to provide frequency-transl ated data sanpl es; processing the

f r equencywbroansicas ed data sanples to provide one or nore PCTAtS03/8390€0I! S;
deriving an updated frequency error estinmate based on the one or nore pil ot
synbol s; and repeating the receiving, rotating, processing, and deriving a
plurality of times through the w ndo f data sanples until frequency
acquisition is achieved for the signal " instance or termnation is reached,

wherein the w_ndow,of dat anpl i.S  processed one segnent at a tinme and

in a sequentiaP or J&F,meﬁ?og]rﬂs@gﬁegt BUYQ%HCWPTW&EW ndow, for each of the

plurality of td'e!@ﬁﬁinir@%freq‘ﬁeﬁ@ 9disRfon RASQVE thB EredudtR9itRdslardidadtsamples! ) bit
C

for a quick paging annel 'in a CDVA communi catiion system conpri sing:
storing a wi ndow of data sanples covering the Pl bit; acquiring frequency

of 3 sLanal | B ance Bl SReRal it RgULRION o, P RANELCR, el LY

of tinmes until™fre ved 1o e signal nce;

and proeempiungafibs Syee oaRrikiagt ed data sanples for the signal instance to
recover the PI bit. 28. The nethod of claim 27, further conprising;

Eower i ng down reqeBiRg 8 sagment i dafa samnley far pEosgsHag W herein 4he segmsnt &f datdy e
. 0 : 1029 of. cla
een st glélrglg’ltes \{\pa ﬁérggé %?3(1 &%}Uokﬁ%? (%&t gagnplgSB h%%n IM}l&%ﬁL@%%ﬂ? Btlqu k%?gi‘ 28,

wher ei n requehcy acqui sitlon an recovery o
per f or mednsodrick) and whdréin ttieddrationt efetimie covared by yhepwindpeds disanter tiz. thé\timenor y

communi catively coupled to a digital signal processing device (DSPD)
capabl e &FAYIRELR E)‘i'%é“?‘ierfbeqﬂ?‘lj’iytaﬁﬂ‘%?‘ﬂf’ﬂr mation to: receive a segnent of data

sanmpl es for PLoGfrS {Hégdaté’\éh%{ﬁésni_nt 4080RIGREENTth @fcu%ﬁtafreqiﬁﬂpyl 801 StithaROfot | ON
of a wi ndow of data sanpl es having included therein a signal instance

havi ng a pfevadpirequeneotraeslaedddta eamplesit at e t he data sanpl es in accordance

\(;Ma': 2 2 a(r:r‘[l;{ ;g _ntprgclégs%ge e frg&Je%E:y- r%%élgi%a edarta0 sargf)l(f):%/ Itg eprI)Jng B St o lsz)hgtt ed

symbols;

deriving an updated frequency error estimate based on the one or more pilot
symbols; and

repeating the receiving, rotating, processing, 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, 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.

27. A method of recovering a paging indicator (PI) bit for a quick paging
channel in a CDMA communication system, comprising:

storing a window of data samples covering the PI bit;

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

processing frequency-corrected data samples for the signal instance to recover the

PI bit.

28. The method of claim 27, further comprising:
powering down front-end circuitry after the window of data samples have been

stored.



derive an updated frequency error estinmate based on the
frequency-transl ated data sanples; and repeat processing of the w ndow of
data sanpvessasybural ity of tines until frequency acqui siPCirarsod/eoechi eved
for the signal instance or termination is reached. 31. A conputer program
product for acquiring a frequency of a signal instance received in a
W rel ess comuni cati on system conpris%gg: code for receiving a segnent of
data sanpl es for processing, wherein the segnment of data sanples is a
portion of a wi ndow of data sanples having included therein the signal
i nstance; code for rotating the data sanples in accordance with a current
frequency erroi, estiBkolOoPlcPindesf Ma@remaNe tiaueh@l @dqsisitian SAHIPKIRS;
code for deriving an updated frequency error estimate based on the
f r equencyecoveryraf|the Blobitare pedarmrdeafflineouieh thefrontprdieirqugiry pewered dpwing,
rotating, and deriving a plurality of tinmes through the w ndow of data
sanples until frequency acquisition is achieved for the signal instance or
ternnation i 30r eaghadmozpdomnfaifatt el -coaped eo Eedipitdn sighal ptaebisig ddvececodes:
32. A device in a wireless communi cation system conprising: W 03/065673
PCT/ US03/D38D8 capzbleof dnfpipreting digigdl infpapaitone t o store a wi ndow of data
sanples for a i i | 5 el Siognal { nel udi ng a
ot at o oper afv e b SR dote S R: BrobloBessied Wierd M Sin! 37 4
accor dancemplet s apation eha windxywehdata eamples ksingrintmdédtheecis agipnhl instata@nce in
the received signal to provide frequency-transl ated data sanples, wherein
the segnPAYIng3iregyencyda P@%mﬁg’a portion of the w ndow of data sanpl es,
and a frequenGy oMt fdala dAYReLREERbIdMACE Wil biviferdTrddRERlyCehdr QAKHRARCY, error
estimate based on the frequency-transl ated data sanples, "wherein the
rot at or Pmavidd frequeaciciranstmied ddta sayoplesir e operati ve to process the w ndow of
data sanpl es plural i f tinmes until frequency,acquisition.s.achieved
for the oi gnarter i s edstest Reqlehfy bl bimeld BT RGNS TS o2 el
samples; and
repeat processing of the window of data samples a plurality of times until

frequency acquisition is achieved for the signal instance or termination is reached.

31. A computer program product for acquiring a frequency of a signal instance
received in a wireless communication system, comprising:

code for receiving 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 the signal
instance;

code for rotating the data samples in accordance with a current frequency error
estimate to provide frequency-translated data samples;

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

code for repeating the receiving, rotating, 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 codes:

32.  Adevice in a wireless communication system, comprising:



33. The device of claim32, further conprising: a front-end unit operative
to process the received signal to provide the wi ndow of data sanples. 34.
The devi cwomB/oedeas m 33, wherein the front-end unit is powecedisdpuoaft er

t he wi ndow of data sanpl es has been obtained, and wherein the digital
signal processor is operative to performfrequency acquisition offline
with the front-end unit powered down 29

a sample buffer operative to store a window of data samples for a received signal,
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
received signal to provide frequency-translated data samples, wherein the segment
of data samples is a portion of the window of data samples, and

a frequency control loop operative to derive an updated frequency error
estimate based on the frequency-translated data samples, wherein the rotator and
frequency control loop are operative to process the window of data samples a
plurality of times until frequency acquisition is achieved for the signal instance or

termination is reached.

33.  The device of claim 32, further comprising:
a front-end unit operative to process the received signal to provide the window of

data samples.

34.  The device of claim 33, 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



