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BACKGROUND Field [1001] The present invention relates generally to
conmuni cawioasjosmn@ nore specifically to a buffer-based pipcatussgerecher for
wireless (e.g., GPS and CDMA) communi ﬁlatl on systenms. Background [1002]
Wreless termnals (e.g., cellular phones) are designed to provide various
types of conmunication such as voice, data, and so on. These term nals nmay
be capabl e nj } i r r irol i i on
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mul tiple access (TDMA) (e.g., GSM systens), and frequency division

mul tiple access (FDVA) systens. Newer generation termnals nay al so be
designed to support other servi CBAGKGROUNDI tion determ nation,
enhanced energency 911 (E-91 1) service, and possibly others. For these
servi ces the termnals may be capable of receiving transm ssions from

A obal ?é on System (GPS) satellites. [1003] A termnal typically needs
to acquir gnals transmtted fromone or nore transmtters (e.g., base

stations, [{§0F]Satehd ipi&@ent iAvedtids" rdlfed e%éﬂbl\éﬁy Ofo %ﬁmﬂﬁ@m@at anW hore @
a

given system In many w rel ess comunication systens, ilot is

transmitt épecifically twaehbuffesrbapdd pdet searehpsi for Wﬁ@leﬁe(m;] BS padf 6PMA) nunber
of functi Ogr%mughc%tlg Ls’iexﬁs typi cally generated based on a known data
pattern (3 a 1%]uy ence of all zeros) and wusing a known signal

processi ng scherre (e.g., covered with a known channelization code and
spread with either a known pseudo-random noi se (PN) sequence or a known
scranbl i ndaskgiodmde) . For some CDMA systens, each base station may be
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systems), and frequency division multiple access (FDMA) systems. Newer generation

terminals may also be designed to support other services such as position determination,
enhanced emergency 911 (E-911) service, and possibly others. For these services, the
terminals may be capable of receiving transmissions from Global Position System
(GPS) satellites.

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

on.



WO 03/ 065610 PCT/US03/02912 2 [1004] A searcher is typically used to
search for pilots in a received signal. The search for pilots is nmade

chal | engi w@ @wesdie vari ous physi cal phenonena and desi gn RINGIBARIILS.
First, the pilot is distorted by noise,and interference in the
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inreal-time as they are recei'ved and are thereafter retrieved as they are
needed for processing. This node allows for real-tine search for pilots in

the received signal. In the off-s’ Igthhe sanpl e buffer is used to
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of samples, and the stored samples may thereafter be retrieved one or more times as

needed for processing. To simplify the design of the sample buffer, the writing and
reading of samples to and from the sample buffer may be performed in a time division
multiplexed (TDM) manner via a common port. Moreover, the samples may be
decimated and packed prior to storing in the sample buffer.

[1006] In another aspect, the overall search for pilots in the received signal is
partitioned into a number of tasks, with each task corresponding to a search over a given
segment of samples and based on a particular set of parameter values. These parameter
values may indicate, for example, the start address of the sample buffer where samples
are to be retrieved, the specific phase to be used for the interpolation of the samples, the
coherent and non-coherent accumulation lengths, and 50 on. The sets of parameter
values for the tasks may be stored in a task queue. The tasks may be performed one at a
time and in the order in which they appear in the queue. Prior to performing a new task,
the set of parameter values for that task is downloaded to a set of configuration
registers. The parameter values for these registers may be ordered and linked such that

only new parameter values for the new task needs to be downloaded (and some of the



the set of paraneter values for that task is downl oaded to a set of
configuration registers. The paraneter values for these registers nay be
ordered awd d3ioakad such that only new paraneter val ues f@Ccmisesneant ask
needs to be downl oaded (and sone of t WO 03/ 065610 PCT/US03/02912 3 old
parameter values for the prior task be retained and used for the new
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i nvention further provi des, nethods, searchers, digital signal processors,
recei ver ogpfiggatiensd ot her apparatuses and el ements that inplenent various
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of an enbodi nént o

a receiver unit; [1 2 is a block diagramof a
speci fi c leidwadi mrent of a searcher capabl e of i rrpl enenting various aspects
and enbodi nents of the invention; [1011] FIGS. 3A and 313 are bl ock
di agranms of a specific enbodi ment of a sanple buffer controller and a

sanpl e buffer, respﬁ@@fg%%ﬁ@@@@%@%ﬂ@wm@sawams t hat
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tt % t he a DSP

illustrating eln ace between searc used to control
sear ch oparaighen; an{llzﬂﬂaﬁe]m FIG 5 is a diagrami I I ust rating an enbodi nent of
a token- r[llg St ' u%(t}ui’ 1sa bciock diagram of an embodiment of a receiver unit;
[1010] FIG. 2 is a block diagram of a specific embodiment of a searcher capable of
implementing various aspects and embodiments of the invention;
[1011] FIGS. 3A and 3B are block diagrams of a specific embodiment of a sample
buffer controller and a sample buffer, respectively;
- [1012] FIGS. 3C and 3D are diagrams that illustrate the use of the sample buffer as
a circular buffer for the real-time mode and as a storage buffer for the off-line mode,
respectively;
[1013] FIG. 3E is a diagram illustrating a specific embodiment of the interface
between the sample buffer controller and the sample buffer and the searcher processing
unit;
[1014] FIG. 4 is a diagram illustrating the interface between the searcher and a DSP
used to control search operation;
[1015] FIG. 5 is a diagram illustrating an embodiment of a token-ring structure for a
search task; and

[1016] FIG. 6 is a flow diagram of a specific embodiment of a process to set up for

a CDMA search task.



search task; and [1016] FIG 6 is a flow diagram of a specific enbodi nent
of a process to set up for a CDVA search task. WO 03/065610 PCT/ US03/ 02912
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[1019] Downconverter 116 performs quadrature downconversion of the filtered RF

signal from RF to baseband. The frequency downconversion may be achieved by a
single stage (i.e., from RF directly down to baseband) or with multiple stages (e.g., from
RF to IF, and then from IF to baseband). In any case, downconverter 116 provides
inphase (I) and quadrature (Q) baseband components to one or more analog-to-digital
converters (ADCs) 118.

[1020] ADCs 118 digitize the T and Q baseband components to provide I and Q
sample streams, respectively. ADCs 118 may be implemented with various ADC
designs, such as with sigma-delta modulators. In a specific embodiment, ADCs 118
provide 4-bit I samples and 4-bit Q samples at eight times the chip rate (i.e., chipx8),
with the chip rate being 1.2288 Mcps for some CDMA systems and 1.023 Mcps for the
GPS system. The pair of I and Q samples for each chipx8 sample period is packed into
an 8-bit IQ sample and provided to a digital processor 120.

[1021] Digital processor 120 may perform a number of functions such as filtering,
sample rate conversion, searching, demodulation, and so on. Digital processor 120
receives and may store the IQ samples to a sample buffer 122. The stored IQ samples
may thereafter be retrieved and processed by digital processor 120 for various functions.
For example, digital processor 120 may include a searcher that can search for pilots in

the received signal (i.e., the IQ samples for the received signal). Some of the search



an 8-bit 1Q sanple and provided to a digital processor 120. [1021] Digital
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receives and may store the 1Q sanples to a sanple buffer 122. The stored 1Q
sanples may thereafter be retrieved d processed by digital processor 120

fsg;r\éﬁ;ir %{rjépggslfgé&?iygcggi'}%rpr?éesg&a tfs degl:x%eg] {)318&1003 QJ p}gcg %?ﬁzt)r}ﬁl&‘de a

S in erecelv ., the 1Q
sanpl es ff@fthérhﬁclha@ Ql Mﬁdr&e@l&ﬁhliat can rt&nﬁi‘dutat‘eett&elﬂ sdxmm; (ﬁ@f ﬁ)@lﬁﬁlbﬁr of
PCT/ US03/ 02912 pr ocessi ng b%/ di gi taI process &g e]s descri Pel oWw.
Di gi tal ptgﬂ@bB@éﬁﬁ whigh gegrespppd EheFongRilof destapcesy gn ¥ RK, BTG ¢ b%i'ﬁ

derodul at the 'QOS%H deﬁepoéjo@ldg cﬁ@xﬁédu‘?gted %hﬁnﬁ‘)l ap&%lﬁer Y9 68 ERfeespond

to stroné) I'nstances e searc Digital processor 120
woul d th omgﬂ de denodul at ed data to a decoder 124 for further

1022] A tral | 130 di t t f [
ocese! ek e;elaﬁm el r B vedonayorl Pt O TRENCPHL DA of G o { i

processor, ay daBet RO opfratiéh BE {téﬂsﬁ} gsromodesogéorage for
data and f)‘%%’ lreé?n&gggﬁ 1?% ontrol I g? iSO &i% Ir? a typ| cal receiver

desi gn, tdnd soamdi Aimemeny 162 prh‘edcse@eragedosdagmand peograe cogesr b ePREPlSy one or
nore sta of anplifier, filter, mxer, and so on. For exanple, filtering
may be proVvided before and/or after arrpl ifier 112, and is also typically

perforneqigiier e tjfiedusdser deyias oRY @bAdifBning Of tlsd fepbived ignalthegbe var i ous
signal conditioning stages are |unped together into the blocks sh?mn in

FIG 1. Qehlermgkbyroseer veqre gispyas amalfien ddepanigsednaia B & Ui TR he

scope Of fifSigs MR BrovdlB! BIbR! andid?aribt WhBlifidr! 12, RSOKS! Bflcalfo. an

pr ocessorpedemedeaedeic fdfuenandowacdnvetsicr Fap smymttg, thesmlvamcmst sgnahi t hi n
one or nore |ntegrated circuits n a s ation
speci fi c Gondisighangeyagss ra&i"tmlleﬂs‘ioé‘ithe‘) R El?q?eplo 5 izﬂgc]g \pgﬁ%rkgxchange
data w th, }%?'ﬂeﬁé% m@?ﬁls%yb%tlﬁgal aﬁ&‘%erﬁi%h‘ﬂ?er sc'é?é be th@qweimbﬁ seaplgherf or and

acquire to tem system pi cal entail's searching
a recei veﬂZslfgleaIllﬂodownctqmtvsrtd:rhhm aand Amsudb?d ffprm ﬁheRElfg:nlé-lesd tUnEntdRi t t ed

receiver unit 100. Digital processor 120, decoder 124, and controller 130 may be
implemented within one or more integrated circuits (ICs), e.g., within a single

application specific integrated circuit (ASIC).

Searcher

[1024] To receive or exchange data with a CDMA or GPS system, the receiver unit
needs to search for and acquire to the system. For a CDMA system, this typically
entails searching a received signal for pilots that are included in the signals transmitted
from CDMA base stations. And for the GPS system, since the GPS signals transmitted
from GPS satellites do not include pilots but instead include (50 Hz) data modulated
with Gold code sequences, the GPS searching is typically performed by first removing
the data to recover the Gold code sequences.

[1025] To generate a pilot at a CDMA base station, pilot data is initially covered
with a particular channelization code, and further spread with a PN sequence with a
specific PN phase (or PN state) assigned to the base station. The different PN phases
for different base stations allow the terminals to identify and distinguish the individual
base stations. To simplify the signal processing at both the base stations and the

terminals, CDMA systems typically use a sequence of all zeros for the pilot data and a



from CDN1A base stations. And for the GPS system since the GPS signals
transmtted from GPS satellites do not include pilots but instead include
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be received by thé terminal via multiple signal paths. The received signal at the
terminal may thus include a number of signal instances from a number of base stations.
Second, the signal instances in the received signal may have wide-ranging signal
amplitudes due to fading and multipath effects. A searcher is then used to search for
strong pilot instances in the received signal.
[1028] Since the exact phase of the pilot from each base station is not known a
priori (e.g., due to unknown propagation delay and multipath effects), the searcher
typically correlates the data samples with PN sequences for a range of PN phases
centered around a nominal PN phase where the pilot is suspected. This range of PN
phases defines the “code space” to be searched, and each specific PN phase in the code
space corresponds to a hypothesis. The searcher may search through the entire code
space of 32,768 PN chips if no information is known a priori about the pilot. For each
hypothesis, the searcher performs a correlation of the data samples with the PN
sequence at the specific PN phase for that hypothesis and provides the result of the

correlation.



Second, the signal instances in the received signal nmay have w de-ranging
signal anplitudes due to fading and nmultipath effects. A searcher is then
used to swarwhefaan strong pilot instances in the recei vedaigsuain291p 1028]
Since the exact phase of the pilot frC}m each base station is not known a
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recover mnessage int recei ved signal. Sanple buffer 122 stores
| Q sanpl EseafbkmmbeopﬂmesS\khddathgnEdal-amdoabffdw searcher 200 to process the
data in real-t| or. off-1ine [1031] .Searc

nunber ofl %’dr at e?dcheﬁggg maynbea[)pergtg in a num = og operat RYe RRAOPeRA &dat-n @

time” mode, the sample buffer is used as a circular buffer whereby 1Q samples are
written to the sample buffer in real-time as they are received by the searcher and are
thereafter retrieved as they are needed for processing. This mode allows for real-time
search for pilots in the received signal. In an “off-line” mode, the sample buffer is used
to store a particular time window of IQ samples, and the stored samples may thereafter
be retrieved one or more times as needed for processing. This mode may be used to
process a quick paging channel whereby page indicator bits targeted for the terminal are
transmitted, if at all, at designated times and only samples for the designated times need
to be stored.

[1032] Searcher 200 may also be operated in a CDMA mode, a GPS mode, and a
quick paging channel mode to respectively process a CDMA signal, a GPS signal, and a
quick paging channel in CDMA. The CDMA and GPS modes may be used in
conjunction with the real-time mode (or possibly the off-line mode), and the quick
paging channel mode may be used in conjunction with the off-line mode. Each of the
CDMA, GPS, and quick paging channel modes is associated with its own processing
requirements. For example, the chip rates for CDMA and GPS signals are different and

the signal processing to search for pilots in these signals is also different.



time" node, the sanple buffer is used as a circular buffer whereby 1Q
sanples are witten to the sanple buffer in real-tinme as they are received
by the sewcisaesand are thereafter retrieved as they are rga@ckedotare
processing. This node allows for real-§ine search for pilots in the
received signal. In an "off-line" node, the sanple buffer is used to store
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[ 1033] “fi @B@E #i%"P&Rbodi nent shown in FIG 2, within searcher 200, the
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enbodi nent, a sa controller 220 receives the | "and sanpl es
from sel efosrabihe sfamiplcerbuffm tas 2th@y adovmesderhifers ptmessm“rpln@gcksr o @ﬁﬁlfpé@é to

chi px2, packs the, decimted sa and s t he
sanpl e bu¥FEres i‘ﬁprqvﬁim ‘?fgﬂ’?' ?}#%k’eﬁ% %‘b Oc%tf”rergsﬂggné’s to one

‘wor d” anghobNedsHel@SeR. The storage and retrieval of the samples are described in further

detail below.

[1035] To search for pilots in the received signal, samples from sample buffer 122
are retrieved and processed to detect for the pilots. Sample buffer controller 220
retrieves the stored samples, one word at a time. For each retrieved word, sample buffer
controller 220 provides the on-time I and Q samples to rotator 222a and the late I and Q
samples to rotator 222b. Each rotator 222 also receives a respective complex carrier
signal with a particular phase from a phase accumulator 224, multiplies the received I
and Q samples with the complex carrier signal, and provides phase-rotated I and Q
samples to an interpolator 226. Rotators 222a and 222b attempt to remove phase
rotation in the samples caused by (1) frequency error in the downconversion from RF to
baseband and/or (2) Doppler shift in frequency due to movement by the terminal.

[1036]  Interpolator 226 receives the phase-rotated on-time and late I and Q samples
at chipx2, interpolates or resamples these samples at a specific phase, and provides
interpolated I and Q samples at the same chipx2 but at the specific phase. In an
embodiment, the specific phase is determined by a digital signal processor (DSP) 250

and has chipx8 resolution. The interpolation may be performed by upsampling the input



pair of "on-tinme" | and Q sanples and a pair of "late" | and Q sanples
(four sanples in all) for one chip period. Sanple buffer controller 220
further retrodagdsaopacked sanples fromthe sanpl e buffer acTissygozme needed
for processing, unpacks the retri evedgsarrpl es, and provides the unpacked
on-tinme and late 1 Q sarrpl es to rotators 222a and 222b, respectively. The
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coherently accumulated over Nc chips, which is an integer multiple of the length of the
channelization code used for the pilot at the transmitter. For IS-95 and cdma2000
systems, the pilot is channelized with a Walsh code of zero, which is a sequence of 64
zeros. For CDMA processing, despreader/accumulator 230 accumulates despread I
samples for N¢ chip periods (where N¢ = 64-N and N is an integer one or greater) to
provide a coherently accumulated I value, Lo, and similarly accumulates despread Q
samples for N¢ chip periods to provide a coherently accumulated Q value, Qcon-
[1039] To expedite the search process, the I and Q samples may be despread and
coherently accumulated for multiple (e.g., 16) hypotheses for a given search task. For
the GPS mode, non-coherent accumulation is not performed and the Ieon and Qcon values
for all hypotheses are provided to a data interface unit 242, which formats and provides
these values to DSP 250.
[1040] For the CDMA mode, a non-coherent accumulator 234 performs non-
coherent accumulation of the L, and Qg values for each hypothesis. The non-

coherent accumulation may be performed by (1) squaring each of the Lon and Qcon

. ; 2
values, (2) summing each pair of squared values to generate a sum of squares (i.e., Icon



sequence at a specific PN phase (or PN state) corresponding to a hypothesis
being evaluated. PN generator 232 may further invert the Gold sequence

based on wowmbsab bit froma task controller 240, as desar/isedotabow, to
invert the despread data. The PN or | d sequence at the desired PN phase
may be obtai ned by appl yi ng an approprirate PN mask to obtain an initial PN
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I n one enhwdroeides thetﬁaeketbrasulmwrléﬁll’ 2§0.adte mpblatled of ¢aski|cogtrelies 24P @nidded to
dat a |nterface nit 2%% \/\Qlchlﬁ} mats and forwards these results to DSP
250. I n aifét Hes 3&%‘8’& it desgidbpd, é‘Yent accunul at or 234 perforns

post - procgdgaNg HKHE S0 MRS AN LBEklion BF GeHFher! 200 &R bIhes elements within
receiver unit 100. For example, DSP 250 may direct searcher 200 to search for pilots in
a received CDMA or GPS signal by commanding the searcher to perform a number of
search tasks, with each such task being performed for a designated time period of
samples and based on a specific set of parameter values. The control for a search
operation is described below. DSP 250 may be implemented as a part of controller 130
in FIG. 1.
[1043] In FIG. 2, searcher 200 may be implemented within digital processor 120 in
FIG. 1. Digital processor 120 may also include various other functional units that may
be used in receiver unit 100. For example, digital processor 120 may include a rake
receiver having a number of finger processors capable of concurrently demodulating a
number of signal instances in the received signal, as found by the searcher. Rotators
222, interpolator 226, despreader/coherent accumulator 230, and non-coherent

accumulator 234 collectively comprise the processing unit for searcher 200.

Sample Buffer and Sample Buffer Controller




whi ch may include some of the functions nornally associated wth peak
detection. The post-processing may thus include sorting the results for
al | hypot WesBaehadng eval uated for the current search tasiGr/esespzoizng t he
sorted results against a threshold, and providing results that exceed the
threshold to data interface unit 242.°711041] A task controller 240 directs
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at a speci
input of the multiplexer. Multiplexer 316 then provides the retrieved IQIQ samples if

the sample buffer is being used and the packed IQIQ samples if the sample buffer is
bypassed. The on-time IQ sample and the late IQ sample for each chip period are
provided from multiplexer 316 to the subsequent processing unit (e.g., rotators 222a and
222b).

[1047]  An address generator 320 controls the writing of samples into sample buffer
122 and the reading of samples from the sample buffer. The specific address in the
sample buffer to write or read a word is determined by task controller 240, as described
below.

[1048]  The retrieved on-time and late IQ samples are provided to rotators 2222 and
222b, respectively, which perform phase rotation to remove large frequency error in the
samples. To provide I and Q samples at the chipx8 timing resolution needed by the
subsequent processing units, the phase-rotated IQ samples are interpolated from chipx2
timing to chipx8 timing and at the specific phase determined by DSP 250. Within
interpolator 226, an up-sampler 322 performs 4 times upsampling by inserting three

zeros between each pair of phase-rotated I samples and three zeros between each pair of



phase are stored to sanple buffer 122, as described bel ow. The deci mation
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[1050] In the CDMA mode, the incoming IQ samples from selectable filter unit 210
are provided at chipx8 but stored to the sample buffer at chipx2. A strobe signal is used
to capture the proper decimated IQ samples (i.e., the samples at the desired chipx38
phase) for storage. This strobe signal may be generated based on a reference counter.
The reference counter is reset to zero upon receiving an epoch command indicating the
start of a new epoch, which is a time period with a known start time and duration.
Thereafter, the reference counter increments its count by one for each period of a chipx8
clock. The reference counter is used to keep track of the amount of time that has
elapsed since the start of the epoch. The on-time IQ samples to be captured and stored
in the sample buffer may then be selected to be the incoming IQ samples at a particular
reference counter phase (e.g., when the three least significant bits (LSBs) of the
reference count are equal to zero). Similarly, the late IQ samples to be captured and
stored may be selected to be the incoming IQ samples at another reference counter
phase that is four chipx8 sample periods away (e.g., when the three LSBs of the
reference counter are équal to four).

[1051] - In the GPS mode, the incoming IQ samples from selectable filter unit 210

are also provided at chipx8. Similarly, the strobe signal is used to latch the incoming IQ



phase-rotated Q sanples. The zero-filled | sanples are then filtered by a
digital lowass filter 324 to provide interpolated |I sanples at chi px8,
and t he zewom3fdesdied Q sanples are simlarly filtered by di@itsab/iotanpass
filter 324 to provide interpolated Q slgrrpl es at chi px8. Upsanpler 322 and
filter 324 thus performinterpolation-of the I and Q sanples from chi px2
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i ncom ng | anples at a particular . reference counter, phase (e.g..,. when
t he thrge[ﬁégls{rp 1 i $RofRCR; P%m@féréﬁ’ff g‘fﬁtlﬁe‘mp eé‘f‘eéﬂ?eéjhﬁ%n%%ea?or B2t qual
to zero). g '%Iu@ef]d B6r sbi€ otk ?uﬂp&esﬁ'{fﬁﬂn%céi@erbﬁitcﬂm WSbtésbove| ee&idermay be
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that is fuonit1@hinaydesksighed ioeprpenss vaniens typesyof, sigiadss suaheastthpsedranspiftesk  t he

refer encefrgr%%ﬂA Bhse st %%é arEcP Gi’g leat)ellites. For a CDMA signal, the I and Q samples
are demodulated (e.g., despread, decovered, and data demodulated) to provide
demodulated symbols that are then deinterleaved and decoded to recover the transmitted
data. The deinterleaving is performed using a RAM memory to store a frame of
symbols over which interleaving was performed at the transmitter.
[1054] For a CDMA signal, if a traffic channel is not being processed, then the
RAM memory used for the deinterleaver is not needed and may be used to implement
the sample buffer. And if a low rate traffic channel is being processed, then all of the
RAM memory allocated for the deinterleaver may not be used, and a portion of this
memory may be used to implement the sample buffer. Similarly, for a GPS signal, the
deinterleaving is not required and the RAM memory may be used to implement the
sample buffer. In general, the sample buffer may be implemented with any memory
within the receiver unit if that memory is not being used exclusively for a‘particular

function (e.g., the deinterleaver memory may be use for the sample buffer for GPS



[ 1051] - In the GPS node, the incomng | Q sanples fromselectable filter
unit 210 are also provided at chipx8. Simlarly, the strobe signal is used
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the proper on-time and late I Q sanples A£re stored. For GPS, the proper |
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[ 1054] For a a traffic channel is not Déing processed, then
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beginning of the buffer.

[1057] To ensure data integrity, the read and write pointers are maintained such that

they do not overlap. At the start of a search task, the read and write pointers may be

initialized to their respective starting points in the sample buffer such that (1) the

likelihood of such pointer overlap event is minimized and (2) the searcher is provided

with the maximum amount of time to perform the search processing. For example, if

the searcher is to perform coherent accumulation over N¢ chip periods and non-coherent

accumulation over Nnc coherently accumulated values, then the read pointer may be

initialized to Nc-Nnc chips prior to the write pointer, as shown in FIG. 3C. This will

then provide the maximum amount of time for the search processing so that the write

pointer will least likely overwrite the data to be used.

[1058] In the real-time mode, address generator 320 continually increments the

write pointer as samples are stored to sample buffer 122 at chipx2 rate and further

continually increments the read pointer as samples are retrieved from the sample buffer.

[1059]  FIG. 3D is a diagram that illustrates the use of sample buffer 122 for the off-

line mode. In the off-line mode, sample buffer controller 220 is used to capture a



menory may be used to inplenent the sanple buffer. Simlarly, for a GPS
signal, the deinterleaving is not required and the RAM nenory may be used
to i npl enwato3tdess1osanpl e buffer. I n general, the sanpl e buwdrusosmyibe

i npl emented with any nenory wthin tg§ receiver unit if that nmenory is not
bei ng used exclusively for a particul function (e.g., the deinterleaver
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and non- Gohe quﬁgth of 984. The record and playback functions are independent and can use
different start addresses and lengths.
[1062] FIG. 3E is a diagram illustrating a specific embodiment of the interface
between sample buffer controller 220 and sample buffer 122 and the searcher
processing unit. This interface supports both real-time and off-line modes. In an
embodiment, to reduce the number of signal lines and simplify the sample buffer
design, only one port with one set of data lines is used for both writing IQ samples to
the sample buffer and reading IQ samples from the sample buffer.
[1063] For the real-time mode, the data lines between sample buffer controller 220
and sample buffer 122 are used in a time division multiplexed (TDM) manner such that
both write and read are supported via the same port. In an embodiment, the searcher is
operated at multiple (e.g., 32) times the chip rate. In this case, the port may be used to
store the packed IQIQ samples at the chip rate (e.g., one chipx32 clock cycle in each
chip period may be used to store the on-time and late IQ samples for the chip period).
The remaining (e.g., 31) clock cycles in each chip period may then be used to retrieve

the stored IQ samples for processing by the searcher.



accurul ati on over NNc coherently accunul ated val ues, then the read pointer
may be initialized to Nc-NNc chips prior to the wite pointer, as shown in
FIG 3C Wa®/oasdib then provide the nmaxi num anount of ti meTieso3pa2search
processing so that the wite pointer will least |likely overwite the data
to be used. [10581 In the real-tine m%gle, address generator 320 continually
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pl ayback functions are independent and can use different start addresses
and lengths. [1062] FIG 3E is a diagramillustrating a specific enbodi nent

of the interface between sanple buffer controller 220 and sanpl e buffer
122 and the searcher Task Linking for Search Operation

[1066] In an embodiment, searching may be achieved by performing a set of one or

more search tasks. Each such search task corresponds to a search over a given segment
of samples and based on a particular set of parameter values. Any number of search
tasks may be performed for a given search operation, and the parameter values to be
used for each task may be stored in a task queue and downloaded to the searcher prior to
performing the task.

[1067] FIG. 4 is a diagram illustrating the interface between searcher 200 and DSP
250, which can control the search operation. In an embodiment, searcher 200 supports
queue-based multiple-task search operation.

[1068] Within DSP 250, a task queue 412 is implemented on a particular memory
bank that is selected from among a number of memory banks available to the DSP. The
task queue may store any number of search tasks, and the tasks to be performed by the
searcher may be ordered by their locations in the queue. Each task is defined by a
respective set of parameter values that may be downloaded from the task queue and
programmed into a set of task configuration registers 424 maintained within task

controller 240. These register configurations specify various parameters for the search



processing unit. This interface supports both real-tinme and off-Iine nodes.
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corr eSponQ&Nﬁlea&d.seﬁf PhtiOHRF, Be bt Vit HEE4PANGask configuration register (which is
referred to as the queue-link bit) may be set or reset to indicate whether or not there are
parameter values in the queue to be downloaded for the next task configuration register.
If the queue-link bit for the current task configuration register being downloaded is set
to one, then the parameter values for the next task configuration register are available in
the task queue and will be downloaded. Otherwise, if the queue-link bit is set to zero,
then no more parameter values will be downloaded from the task queue for the current
task.
[1071] The linking scheme for the task configuration registers provides several
advantages. First, the size of the task queue may be reduced since only new parameter
values not yet programmed in the task configuration registers need to be stored in the
task queue. A search operation may include a number of tasks, and these tasks may be
similar to one another and may be associated with the same or similar parameter values.
In this case, duplicated parameter values need not be stored in the task queue, which
then reduces the memory requirement for the queue. Second, unnecessary downloads
and programming of the task configuration registers for duplicate parameter values are

avoided, which then reduces the number of unnecessary fetch cycles.



of sanples and based on a particul ar set of paraneter values. Any nunber of
search tasks may be perforned for a given search operation, and the
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sel ected fromanong a nunber of nenory banks avgi | abl e to tge %[EP. The
task queuegisteys kaver keearyrogapegd arcoxtinglknhtheseprch pipepss heging dpisthah task
per formed by, t he ear G . rder, by.their | j i fhet gueue.
Each tas %alsés/d der it}ﬁ%d&glglggfatlrggi psté’(gr{a (?vgl s@%eo eg&p%%'mt%%gﬁ&g’s’ {tl.lﬁa?h% lr(ray be
down| oadegbnfig@mtibh egitiak ntpyeheepragamnprdodjreatiynby thenDSPavis enotidr buadks., 2
configuration registers 424 paintained wt hl;jfn taﬁg s%;)nt roll er 240. These
regi st er Rostintegiares pothovaiBEley2yathoyt gomg fyppg e Bk dUHE search WO

03/ 06561 / US L tihe irftioas Stargaligas t o be
0%§ @%ﬁ@ﬁ&%o p%ffo%l%éé&%%%bﬁgh 18K Bhscd%nt the c SiFesirftionis i

oper at ed t he state o sequence, the coherent and
non- coherthataskconfigiratiomregisterst W theaerd efocagh sedrelp ok, dase inderérico anitdar ch

operation (which y. i ncl ude one or nore, se h_ t S) vi des
to task CBHRIYS P ﬁ%ta& LUl U ATEHRUIAIPLE a?ﬁoﬁ“&‘iﬁé‘s Pﬂogﬁﬁ%e%ﬁgéﬁf‘gt y of
the speci § i RIDne28 kni 988 rduads, RRueIB) bnd Aspropsdtelq pacts, th¢ Rpultdieomt ar ti ng
address of the task queue in this nenory bank, and (3) a_task cg nt

i ndi cat i vibe afcunhdatorsribayr, agindiepser yhcanfigrErtion regigers deind. ) UTBR PREEE ¥eng thi s

start command, di . : 22 within task
control | g]’rg%ﬁ-‘(fe%e‘f%Pz\g'g(l{rﬁ%g%y%?%%&#gtgﬁg%%ggg?ggQs\éll'al ues for the
tasks in {1934 quesendhdbodinen, EMA seaick ntiskcmaybetpedfbbpedby passilg atokent i me.
[ 1070] For each search task to be perforned, the Bara et.er val ues for the
task are fromvpco RERSESSIRD HIK deKanpiiste HASH BIRFCHINGy Blrtrﬁg’ghlpntpi‘) SEHETeyg. |

six) tas k(ile%fégﬁéé %Sg&%rﬁpa Pﬁf\i}gi]ﬁf ﬁfn?tiéll% dpyy 4 %ﬁ'v@n tasd GOLEH pREesdh@ unitn an

enmbodi men ranete ues for the Task configuration registers are
downl oadegcéinesaa spleai fiom arptecedifEounnitx@arfoirms itshdesigmtednBmetion, andje@poior t ask

For 1 ask CORMEUT oo g GEers PgP TP Bid next . and S0 on. 11 the

it ﬁi ruggegﬂ]{)ﬁﬂe RAGAE! 8 Hiagain efustMin LACEmbasithe RO 4 BUeRkingRirli@giesI0Or
for a search task. Initially, the searcher is in an idle state 512. Upon receiving the start
command from the DSP, the searcher transitions to a task loading state 514 if there are
tasks to be downloaded from the task queue, as indicated by the task_cnt field in the
start command being not equal to zero (i.e., task_cnt # 0). Alternatively, the searcher
transitions to a PN slew state 516 if there are no tasks to be downloaded (i.e., task_cnt =
0), which may be the case if the task configuration registers are directly written to by
the DSP.
[1076] . Within task loading state 514, DMA controller 422 downloads the parameter
values for the next task from the task queue and programs the task configuration
registers. Upon completion of the download for the current task, the searcher transition§
to PN slew state 516.
[1077] In PN slew state 516, PN generator 232 is programmed to the initial PN state
indicated in task configuration 2 and then slewed to the desired PN state indicated by
the PN_slew_len field in task configuration 5. Upon completion of the slew, as
indicated by a slew_done signal from the PN generator, IQ samples are retrieved from

the sample buffer starting at the address indicated in task configuration 1. The retrieved



to the paraneter values, if any, for the next task configuration register
to be downl oaded. In particular, the last bit in each task configuration
regi ster wahismasdis referred to as the queue-link bit) mydreu®enzuae reset
to indicate whether or not there are araneter values in the queue to be
downl oaded for the next task confi gur&?i on register. |f the queue-link bit

for the current ta nf i.qur atJ~,Qn. reqi ej | .. to
one, therfd"R saﬁer@iag?cgﬁy {/Oaggﬁlésgﬂfngras (ﬁ%‘ %’%ﬁj a{%aégaqﬁegﬁ | u(?ng ?lgﬁﬁﬁ%gﬁ%t er are
avai | abl qadiconfiBratiosdk3 aneuereapsdtivily) andefutibarihmastéated BY fatenpokeor 226 o he

queue-link bit I's set to zero, then no npre parangter values will. be

down| oadete spesifia pipx& phasguadisatedin fask cophigwation ¢qgkhe ’[ni%l?}iifteq'ﬁ%m]?]ieﬁki ng
schene for the ta I i i i des several advantages.
First, tHe® @ICQé’r%‘ﬁ‘%g?ﬁtg%Iegé@%c%yg%r%g&%ﬁléaﬁ%@é since only new paraneter
val ues nquoysyt pThgkedtRg theh trisitioas ko awohérgutr afcimmunlatiegissieb 8 whewbyo be

stored in the task queue. A search operation may inglude a punher of
t asks, arfbie tﬂ’ﬁ@'ﬁ@la’éeésSR@P}?ﬁW%@eSP’ée?ﬁ?’P‘g?o EF“B‘H@CQH%‘EIPI@& ba?i% ‘st{)]efj % &oci at ed
wth the ST Lar r val : IS case, if dypl-t st e
par amet era%\%gﬁlﬁlg{slo?\efeghgﬁbtRg’eqfs{(?g?%% ?lnq?%e Ctogfg% qtieue, whi ch then reduces

t he menoratcigadiiceient bé perfomeedyieydncSe donrs indicatet s ak ycoulbguwrhiéads), and

progranmm ng of the task configuration registers for duplicate r anet er
el bee arben tho s eichE: SpiE APRERRER diL S Tha e b B soheaareculRtE: o

| . [0}y % e C raARgifi
cyct €s \(ﬁgr&%g@ glq %g?%@?%ﬁﬁﬁg&gemﬁ@a&&ﬁaﬂ1 PNq8e abdrcid nﬁa@rﬁ: Jgitiaget er

val ues f a given been downl oaded fromthe task queue to
t ask contbediéearstRdOs Enahdt 126 fonakmemynfidngeahatend accupaditiong ps indipatedie éask

pr ogr ammed ?ccor,di ggly, t he search process begins for that task based on

t he confi iHEYHBAR Pstored in these registers. Alternatively, the task

confi gur afpey re@j‘p%herc%n{ﬁéﬁo%e &I QI advaBRntll sRehluYatidps t Aed DEbh-voleeranot her
bus (e.g., a  port interface), as showmn in FIG 2, wthout going through

the task apgemelatiplQ s seswhpriniers ZWWMﬁét%@ﬁ wherpbydata Serie 88iton "t he
conf i gur ?% O}?%lgﬁ ttt?eg ggcg}q%ﬁ%t%)rﬁereglﬁ%kanﬁoﬂ}é{&iggg f;’hteefslgc{&k&? dhta %ﬁﬂr&_ésult'alguﬂ:el? €14n d of

each sea rface unit Ives a start signal from

accunul at Q{iEin288Parsd A3dingUpaRe radd@ss indfeatddl & task groafigurdaom 1i nThe take uni t
242 rounds, saturates, g

and appropriately packs the results from t
accunul at eustef és ghen @@rm@ﬁ?fgt @fdglﬁﬁﬂ‘o‘?ﬁ‘ﬁ“gﬁirlétgir‘?ﬂﬁerr‘éﬁ? E%0r éndicaaﬁa t%e[. The
\F/)Mfaf Eleﬁ gg%grfgsa:ﬁé st 6ibrS ks 10 3 FMAMED B AESedtdBertrOrufRS8!thskoddigy stdib4

514 to download the parameter values for the next task. Otherwise, if the task counter is
zero, indicating that all tasks have been performed, then the searcher sends a
search_done signal to the DSP and returns to idle state 512 to wait for the next search
operation.

[1080] FIG. 6 is a flow diagram of a specific embodiment of a process 610 to set up
for a CDMA search task. Process 610 may be performed by task controller 240 for each
task to search for pilots in a CDMA signal. For the CDMA search, the sample buffer
may be used in the real-time mode and IQ samples are continuously stored to the buffer
as they are received. Address generator 320 maintains the write pointer, which
indicates the address in sample buffer 122 for the next word of IQ samples.

[1081] Initially, the current write pointer address and the associated reference count
are determined, at step 612. The reference count is obtained from a free-running
counter that is used to provide relative time for the receiver unit. The length of the
search is then calculated based on the coherent and non-coherent accumulation lengths

(i.e., search length = Nc-Nc chips), at step 614. The read pointer is next set to N¢-Nne

chips earlier than the current write pointer address to provide the maximum amount of



[ 1074] In an enbodi ment, each search task may be perforned by passing a
token from one processing unit to another. Each processing unit within the
sear cher wWo© 03Aesdiigned to performa particul ar function. FaCTaUSBMENI2Sear ch
task, each processing unit receives 3 token froma preceding unit,
perforns its designated function and, onn conpl etion of the function,
passes the tqken to the Xt.unit. [1075] | dj | rating
an enbodi %Soro easenaﬁ(i?eﬁﬂ)r%?n’sﬁbn ta? L‘?E: uérlle6 Sgg‘l:'qfe 8‘r§1r%dsglg‘grgﬁgﬂthas S. letl@t&i al ly,
the sear cReichés(d.g), @t inflie B atfe 53 De dhained &yePNi mgskile and ah¢ requimtand
fromthe DSP, the searcher transitions to aalécﬂ k | oadi ng{ state 514 i.f there
are taskuanhsr 9Eslgwaockaaistest 18 thenrdetermdneds e PN genstenis Qrogsenmgd
task-cnt fli | p.the. r [ gtmgn oot |

task-cnt 9 Sgé)“g t%ﬂ}ee#kglag[nlﬁ{/eglli}\} g@ e ggtgpggg'r r alﬁg&?iﬁhgﬁge ? %(ngé’ﬁlelf neztflv state
516 if thesm the PNNgericpadss whicthimdibates |ta dbel s¢archer hat awkved o the proper RIRi ch nmay

be the case if the task confiq ration registers are djrectl wr'ttea to by
Uhe DSP. faloriby savplerier SORTolsa dicHs FeTiayIBe SHAPIoBIRT s OHe poriEs 3
downl| oads rhbﬁe@ﬁﬂé%fﬁ% d sa¥14as thedfrolddginP Bits Wwihih thé SRrdHRE ot &Sk 6g0ieue and

progr ans RRETask con Iguration registers. Upon conpletion of the downl oad
for the cil082int fThslprocebretosetu frerra G Sseiahi tasksmay praeredinesinnlar Mamies.

[1077] In PN sl tate 516, PN ge at or 2 1S 0, 1nitial

BN o1 &t ¢ 28 iR CHIA SHEDABR: donioracr o s hbARTIRE Ast e b o | o
PN stat e jhadbnaiss e ddeI@Nampledvirt @Bntinellgl stored askhe Guffegus aidyomeS. Upon
conpletion of the slew, as indicated by a slew done signal fromthe PN

gener at ortec¢iged ampiiadly, theaeadpoinisy isget stepeof dhgrb meses SRl bOrBdAY.f§ at t he
address indicated in ' ' rd /Qcﬁgl@ao

PCT/ US03/ %nedcljlbas %%’r%l%ﬁe%s&gérﬁegoggc{eg%%a&}/r?%étagtt%rﬁfse (glg%ﬁ%gséé@ grllf he phase
and frequasepapiiaat fontecateter (@.g.t tas knidanPN gtatatnd the @qainell dymber of
respectively, and further interpol ated by interpolator 226 a he .specific
chi px8 phee¥ claglicygleelpre theplefer iaga 1 Py penertaips 4 Pfﬁﬁmﬂ?‘%ft"e%ﬁgﬁﬁpl es
are then grovi i | ter 3 SETPNASRErafotO thel shihpRel buthe

sear cher @%g'n r%fogkn}gg%lggﬁghggfégf_ggﬁé;ggﬁ{i accunul afél onrasta'gee 518 whereby the
i nt er pol at@kroHampthes retrievidg spmplked fema theotrerde bhffen el moivides dhdy sddevedn t he
coherent accunulation |en ndicated in task configuration 5. If

th, NC, |
non- coher EHP e%eémpﬁ?qs%%ngs f"étgﬂbtlhﬁé?af fed (i.e., NNC # 0, as indicated
in task co@BRPUr atHeOhoddss to set up for the quick paging mode may also proceed in a

similar manner. For the quick paging mode, the sample buffer may be used in the off-

line mode and a specific time duration of IQ samples is stored to the sample buffer.
Initially, sample buffer controller 220 is programmed to start recording data at a
specified reference count. This reference count corresponds to the specific time when
the paging indicator bits for the terminal may be expected. When the specified
reference count is reached, IQ samples are stored (or recorded) to the sample buffer at
chipx2 and for a particular number of samples (i.e., a particular time duration). When
the record operation is finished, the write pointer is stopped.

[1084] A search for the page indicator bit for the terminal can then be set up in a
similar manner as for the CDMA search described above in FIG. 6. However, the
calculations are performed with respect to the reference count at the beginning of the
record operation. The required slew parameters for the searcher (e.g., the initial PN
state and the required number of slew clock cycles) are determined and the PN
generator is programmed to start the slew. Upon receiving the slew_done signal from
the PN generator, the sample buffer controller starts retrieving samples from the sample

buffer and provides the retrieved samples to the processing units within the searcher.



then the searcher enters a non-coherent state 520 whereby non-coherent
accunmul ation is perfornmed on NNC results fromthe coherent accumul ation.
The sear cWero3maseidr ansition between states 518 and 520 f (CTASSOA@ZHI2

non- coherent accunul ati ons as i ndi ca;}eﬁ in task configuration 5. [1079]
Upon conpl etion of all coherent accu ations and non-coherent

accunul at , the searcher.ente i . ata
interfac eflﬁgét % ﬂeéluﬁrécé' i néqtg{:%: §%§P§?i&§d i rir%{é @ﬁ“ﬁéﬁaglﬁS%éf tp%: %&p acked
data to rgsafollows.f sincdir SHWiﬁJSI kefelofif? bt sdrpsspormiingto théstastdd tiesscirddi cat ed

in task configuration 1. The task counter is then degt,erren ed. 'If the task
count er i epegtivatieknavnshewsets fromitheserich mmayahe refuspgdorelytive &9 thi Teffrence; asks

Lo be Per{onielieh Bthd OfreRPRIGERe doBhtirdtnd RiARRpoA! o2 idbsighdd ! O

downl oad YH8 parane al ues e next tas erwise, If the task
counter i.g. zRuad bynthecshichgopehaiond| thetfarges phavessdpeefi the rdker reee yert fren t he
searcher sends a search-done signal to_the DSP and returns to idl e . state

512 to weilewibio thaPropsk FSRRH RS copetending fo fieplosftions &F the Peaks B YERGddi agr am
of a specjifdc fi@%&@g&spﬁh seriTlgfeelﬁﬁfe@ LOnfSl1e 8t tHéR prB%‘anﬁie@Q%ta?ﬁﬂﬂéC h
y or

task. Process e per d by task controller 240 for each task to
sear ch f oplaghachbperatiomatCDifiesifi rgfeadnce Fount thes iCDRAes than die MRS FPEY buf f er

The bu f erow e sy Shen BTt <At 's Rechondn 3 BPRs 8 HalftaEkle 1S or 1o

poi nter, phishrockfdicates the address in sanple buffer 122 for the next
word of 1 Q Sanples. [10811 Initiall 3{1 the current wite pointer address and
the associl4Beld r diheresedutianoand: rateapfethgdiand R paaplenat ¥arigys signal MREessWeer ence

count is gbtai.n .rom [ runnj : . 1S t vicde
rel ative ﬁlpﬁlg 1f1§€e {1% A %@L%dggﬁ“eﬁéhq?%‘.@q’f%‘g&%ﬁ?ﬁ’gﬁ%ﬁ%?ﬁ ?%eD@%g?tcrﬁn%%tﬁgn
cal cul at egitParsesbiotion il ditfeesne simple datoo mag citser Entsed douthe! Tatnidd® sheplgs.hs

(i.e., search length = Nc-NNc chips), at step 614. The read pointer is next
set to Ncandubis igwitha thg seqneof thednvei®ncurrent write pointer address to

provi de t hQgHRXi %@smtang%%mliﬁ%’f&ﬁ&ﬁﬁ& R BdalR 0L Shd begﬁ’lplérr%té(dor the

search processing, at step required sl ew paranefers for the
searcher {mea grmitaher artiasé sthtiGNok & atieelese chmnuinicaline dytigmPN heesskicher andd t he

A T e o U N

Upon recelyhiobhsdsiverbipngysdadal
[1088] The searcher and searching techniques described herein may be implemented
by various means. For example, the searcher and supporting units (e.g., the sample
buffer) may be implemented in hardware, software, or a combination thereof. For a
hardware implementation, the searcher and supporting units 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.
[1089] For a software implementation, some of the search processing 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 132 in FIG. 1) and executed by a processor (e.g., controller 130). The memory
unit may be implemented within the processor or external to the processor, in which
case it can be communicatively coupled to the processor via various means as is known

in the art.



fromthe PN generator, which indicates that the searcher has noved to the
proper PN state, the sanple buffer controller starts retrieving sanples
from t he wanplwsdioffer and provides the retrieved sanpl edroudods2912
processing units within the searcher, gt step 620. [1082] The process to
set up for a GPS search task may proc inasimlar manner as for a CDVA

search t or .t he. GPS _searC t he s f in the
real -ti neaﬁﬁ%ﬁ aﬁ-tea&@gggﬁ%péciud;ep ehe %Httl%g%at?fe?gétag?éﬂ%% Egcagﬁﬁ%ﬁgigs t hey
are recejie¢Béns. | Thdsé Abddings 41€ noe aterdled 16 Eimii hesedpd of thBeostopts deaéritidde 1

msec sanpl e boundary, as determ ned based on the clock squrce | ocked or
rel ated tdereieumis adythsse cancepisapl hawe applisghibily, nnethesr sechigns PFUSEYr cher

(e.qg., thg injti E ate and the required nunber of slew clock cycles)
are then tglgtegérutr?isﬁée%ﬁ%ﬁ%%t he PN generator is programred to start the slew
Upon recef10ptp t IThepremowbodesciiptiamnadf the disclbied drtbogiementsisoprovitlbe tsemaplee
buffer controller starts retrieving sanples fromthe sagﬁle buffer and

provi des e PewseRi giked Bafhs| a8 too nake By dE%s@FnBr_eé?ﬂtt DVEREM n ¢/ AROUS
sear cher. . [ 4083 onEh6 tHés@%ﬂﬁa%dﬁHeﬁ@(vfi]W Be fré)ard1k151 gggﬂh'h% tREQ RAIMHhd Ry, al so

proceed ina simlar manner. For the quic i ng node, the sanple buffer
may be usad tha geiericofrinciplendefined derin may dpeppli¢dtot dther aabraglitnents phthpi
sanples ig stored to, the sanple buyffer. .nitially, sanple buffer

cont r ol | efePasigng Loy e SEFEOy S‘E‘B’es#at}‘? 1’?"88{5?% WguﬁéF%Pﬁe%Tg% IYSHEOf 4 8gf

r ef er ence;gQdBY to itk & e BB oAt BOvheRAMMBE: it G bdeccofRidithd widekt™® when
the paging indicator bits for the termnal may be expected. Wen the

speci f i edscopetensintens withuhe priscipleaendaovel Hasapplisdowddessinr ed (or recor ded)
to the sanple buffer at chipx2 and for a particul ar nunber of sanples
(i.e., aparticular tinme duration). When the record operation is finished,
the write[gpoent erWHABIS NNIMEDIB41 A search for the page indicator bit
for the termnal can then be set up in a simlar manner as for the CDVA
search descri bed above in FIG 6. However, the calculations are perforned
with respect to the reference count at the beginning of the record
operation. The required slew paraneters for the searcher (e.g., the initial
PN state and the required nunber of slew clock cycles) are detenni ned and
the PN generator is programmed to start the slew. Upon receiving the

sl ew-done signal from the PN generator, the sanple buffer controller
starts retrieving sanples fromthe sanple buffer and provides the
retrieved sanples to the processing units within the searcher. WO 03/065610
PCT/ US03/ 02912 21




[ 1085] Frequency tracking for a denodul ation for the quick pagi ng node may
be set up as follows. Since the specific reference count corresponding to
t he startwafostodessinecord operation is known, the results fromwsobe2aear ch
may be returned relative to this reference count. Based on the current
reference count and the relative peak@ in the received signal (e.g., found
by the search operation), the fi nggi‘ﬂgg sssors of the rake receiver are
slewed to the proper PN positions B/g nding to the | ocations of the
peaks assigned to the finger processors. The sanple buffer controller is
then programmed to start the playback operation at a specific reference
count that is greatgidtianof pocesiignureckivadsignabineavwiitaless cAmahumivation hi s
reference count is reached, 1Q sanples are played back to the finger

pr ocegsorsystey] oFBPrISPE resol ution and rate of the | and Q sanples at

various signal_pr i J : Laures included herein are

provi ded for irF‘Peﬁ‘gﬁggﬁug%m%E?%?l}aénﬂtgc‘%ngﬁ%%l%%of bits of resolution and

di f f egent sanph@ingahe mpoayanaplentolzesampicbuffer; t he | and Q sanples, and this
is within the scope of the invention L&%‘%M The (ﬁearcher .algd Cgearchi ng
techni ques desEWicKiEg SABPIS AT {heFamp Ht 2 me; fvigiop apylfiplerednanney o o
stati@n qf: e 'HEHHH 1.0 ystem The searcher and searching
technlgquggltml\gsgdgg%géﬁél}s d fagf;ﬂé\?é%ilcgus CDVA systens, such as |S-95,
cdma2000, and poEBine shistretreved 3@8ples Theacserdprdse Withndl PEHUEH| BTECBEBENI ques
described herein may be inplenmented by various neans. For exanple, the
sear cRer 5§ G upporting units (e.g., the sanple buffer) may be inpl enented
in hardware, software, or a conbination thereof. For a hardware

i npl ementati on, the searcher and supporting units nmay be inplenmented wthin
one or more aphl i catheonethpdef elabm ilnbgicky WaPAs are ptoeed tREnEESirieYRdfrem)

si gnal, pr.pocessor ) i Qi i § sing devi ces (DSPDs),
progr rmatg?5@%8?’?%‘5‘5?2@5%%@?é#hlgg%p%rbggl_rggmmbl e gate agrays %FPGAS),

processors, controllers, mcro- controllers, mcroprocessors, other

el ectronic units designed to_perfor he functions described herein, or a
conbi nat i on th%reofThe[filetQQfOﬁ@@%?sm%“roénﬁmgenent ation, some of the
searcly process| é BRNVEth Y\Haﬁhﬁl&%&@t%r&dqoghe sapIE BERres,

funct iréons, and‘é@gngng I}t? (éets lggwﬁor mt hg functions descri bed Iﬁ%r ein. The
software codes may be stored in a nenory unit (e.g., nenory 132 in FIG 1)

and executed by a processor . 0. ontroller.130). The nenory unit may be
i mpl enented within WB’?’SQQ&@&&“SE@F@%HS{%TM processor, in which

2 packing the input samples for each chip period into a single word, and wherein

one word is stored to the sample buffer for each chip period.

5. The method of claim 4, wherein on-time and late inphase and quadrature

2 input samples for each chip period are packed into one word.

6. The method of claim 1, further comprising:
2 decimating the input samples from an input sample rate to a lower sample rate,

and wherein the decimated samples are stored to the sample buffer.

7. The method of claim 6, wherein the input samples are decimated from

2 eight times chip rate (chipx8) or higher to two times chip rate (chipx2).

8. The method of claim 6, further comprising:
2 interpolating the retrieved samples from the lower sample rate to a time

resolution at the input sample rate, and wherein the interpolated samples are processed.



case it can be comrunicatively coupled to the processor via various neans
as is knowmn in the art. WO 03/065610 PCT/ US03/02912 22 [1090] Headi ngs
are incl ud@b3mwesadn for reference and to aid in |ocating aeErmesoso2Eecti ons.
These headi ngs are not intended to Ilg%t t he scope of the concepts
described therein under, and these c cepts may have applicability in

ot her sections throughout the entire specification. [1091] The previous
description of the disclosed enbodinments is provided to enable any person
skilled in thegart The MEfRodbf Ukemt hewheraete bansiatbuifer iVaoperts] as a

nmodi fications to these enbodi nents will be readily apparent to those
ski | | ed ieirqubas byffer. and the generic principles defined herein may be
applied to other enbodi nents without departing fromthe spirit or scope of
the invention. Thus, the present invention is not intended to be limted
to the enbodi nemt s ‘Shmmatﬂadroébmrb@t furthet conyerisigcor ded t he wi dest  scope
consistent with the principles and ovel features djscI$§ed h rein.. [10921

WAT 15 CLAI MEDAINginipg 08 FilscBents” Horase o Gament yAtepagins mythe Rmlenod of
Processi ngy e 6oty EhptdsdBak nblt P@ﬂaﬁ&? 4h@nmTuni cation 2 system

conpri sing: receilving input sanp es or the received signal; 4 storing the
i nput &anpl es taintisiagp Baakiqjoﬁmm; indacative oif ragcussemp ressl ﬁdCbmStlnethsahlpP]@ buf f er
ina time_division nmulti 6.wWth the storing of the input
sanpl es; B‘Féﬁfﬁ?&}e&’ég‘éﬁi%@P?%EX’E%P?’F&P@QO@ Pes in accordance with a
particul ar processing 8 schene. 2. The nethod of claim1, mhereln sanpl es

are stored to and retrieved from 2 the sanple buffer via common port on
t he sarrpl e bufbr. The methadeafiedaimotO, atherain the reg pmferé@rmﬁml@ie%aseé ot al | i ng

e b o Ry fite PARRE A58 o PP paP BRI AL ForthOledihgt N sanple buffer. 4.

The co

12.  The method of claim 1, wherein the processing comprises searching for

2  pilots in the received signal.

13.  The method of claim 1, wherein the processing comprises recovering a

2  quick page indicator bit in the received signal.

14.  The method of claim 1, wherein the processing includes
2 despreading the retrieved samples with a code sequence at a specific phase; and
coherently accumulating the despread samples for each time duration of a

4  particular number of chips to provide a respective first result.

15.  The method of claim 14, wherein the processing further includes
2 non-coherently accumulating each group of a particular number of first results to

provide a respective second result.

16.  The method of claim 14, wherein the processing further includes
2 rotating the phase of the retrieved samples, and wherein the phase-rotated

samples are despread.

17.  The method of claim 1, wherein the received signal is a CDMA signal.



2 packing the input sanples for each chip period into a single word, and
wherein one word is stored to the sanple buffer for each chip period. 5.
The met howoods/es@aom 4, wherein on-tine and | ate i nphase amtusdoztiare 2
i nput sanples for each chip period areg_packed into one word. 6. The net hod
of claim1, further conprising: 2 decimating the input sanples from an

canpl o5 are st B od 15 PHESThE AR Luiyhdp e RUGREERNE: A PRSTEIT Lo ei n

the input sanples are decimated from 2 eight tines chip rate (chipx8) or
hi gher to two tinmes chip rate (chipx2). 8 The nethod of claim@g, further
conprising: 2 1%t erpomethpdpft sparghinte feryplpts AR &ecepved gt oISty e
rate t0o a_tinme. re j O .1 i nput sanple rate, and wherein the

i nt er?ol aqoggnglg%pé%&%%fg»%r@%éﬁ%d_ WD 03/ 065610 PCT/US03/ 02912 24 9. The
net hod of cl ai partltioniMiese bverhi geaelmpirepilots fnethe reeivpd signablings a plurdlityiofcul ar

buffer. 10. The method of claim9, further _ conprisi © .2 maintai.ning a
wri t e 4poi tasksy whaginceach yaskorigsRangs e sears fé’rélg‘gl"i%‘% Bgﬁ‘?dt%ea rfé?ﬁ?i%e SBuf f er

to store &?@ir{?éelf\% ¢ next write operation; and 4 maintaining a read
i ndl ca

poi nt er ive of a current read address in the sanple buffer to

retri @éve sanpl éswiloading thesstt ofqmiemgier elicasrfor dath taskdnioe $ep af enfiguagtion10,
wherein the read pointer is initialized based on 2 the wite pointer and a
set of paic8HEEEAal ues for the processing. 12. The nethod of claim 1,

wher eigh the proGessiote: SRS SR TeePRIGiNDin @tordandd Wil thel dovinleade@eai ved
signal. 13. The nethod of claim 11, wherein the processing conprises

recover i nof parargeteuvadues pergach tagkcat or bit in the received signal. 14. The
met hod of claim 1, wherein the processing includes 2 despreading the
retrieved sanples with a code sequence at a specific phase; and coherently
accunul ating the desiy sethodarpias 19 wheesh atplureliguwiakisoof ianeterivabesst i cul ar
nunber of chips to provide a respective first result. 15. The nethod of

cl ai m2L4, fopie Rpraliphef thvks aissioned 11 pfaskdreYencl udes

21.  The method of claim 20, further comprising:
2 receiving a command indicative of a start location of the task queue and a

specific number of tasks in the task queue.

22. The method of claim 21, wherein the command further includes an

2  indication to start or stop the searching.

23.  The method of claim 19, wherein the set of parameter values for each
2 task comprises one or more subsets of parameter values for one or more configuration

registers.

24.  The method of claim 23, wherein the subsets of parameter values for the

2 set of configuration registers are downloaded in a particular order from a task queue.

25.  The method of claim 24, wherein the subset of parameter values for a
2 next configuration register is downloaded only if indicated as being available in the task

queue by the subset of parameter values downloaded for a current configuration

4  register.



2 non-coherently accumul ati ng each group of a particular nunber of first
results to provide a respective second result. 16. The nethod of claim 14,
wherei n tWe® @rwesassi ng further includes 2 rotating the phasa/asosoia?
retrieved sanples, and wherein the ph -rotated sanples are despread. 17.
The method of claim1, wherein the re ved signal is a CDVA signal. WO

03/ 065610 PCT/ US03/ 912 5 T t d fclal
recei ved si gna?gi S g ﬂéol%g?f‘ﬁamlgs n% th S Oﬁgm e‘tér%g‘%;&%%} Pots in a

recei ved gkgnRhtifis Ppadici@hredde s c@wmammﬁumrplﬁmt em conpri sing:
partitioning an overall search for pilots in the received signal into a

plurality of 4 tasks, wherein each task corresponds to a search for the

pilots based op,a r?ﬁ@%}ﬂo\ﬁ hm%(iB %E ma{h%rse\/%ifkﬂ 'rne?erdxpa‘f‘dgs%{jlam the

set of paranet@ér values Tor @ac ask i a set of configuration

regi ster stasianderflifieear glcifig feetiopiih ot Samplethelr efomn wellich | sgmaplesi are godwr dance
wi th the downl gaded set _of paranmeter values for each task. 20. The nethod
of clai m@mem@ﬁépwcasssqim%ﬂarcw%ﬂwépés of paraneter values 2 for the
plurality of tasks are stored in a task queue. 21. The nethod of claim 20,
further conprising: 2 receiving a conmand indicative of a start |ocation of
the task queue2&nd Fhe spetwid ofcclamii®r whereirathesset nftplamrmea@kvadﬂfeder e  The

t hod, of th d furth t
o sttt i Bl oo GEaT on hgoaseeowbinag bpaBe 10 B 18R wAshER ST he Cer
of pararreghggllmgsl_ues for each 2 task conprises one or nore subsets of

paraneter values for one or nore configuration registers. 24. The nethod
of claim 23, vvherei n the subsets of paranmeter values for the 2 set of

configuration 5 Egrs K ‘1 fn"gﬁqge%e@lr?{lﬁegg ugiafaﬁne?&d\%uésrﬂmegct%k

gueue. 25. The wherein par anmeter val ues

for a2 ﬂl@Ktldéi@l'ﬁ%!i AWwpatifieNocL@nsdfed rdsaltdaiffel oaddctosdaych fesuldeatoelst as

bei ng available in the task
stored.

30. A searcher in a wireless communication system, comprising:
2 a sample buffer operative to store and provide samples for a received signal;
a sample buffer controller operative to receive and pre-process input samples,
4  provide the pre-processed samples to the sample buffer for storage, retrieve stored
samples from the sample buffer, and provide the retrieved samples, wherein samples are
6  stored to and retrieved from the sample buffer in a time division multiplexed manner via
a common port; and
8 one or more processing units operative to process the retrieved samples in

accordance with a particular processing scheme.

31.  The searcher of claim 30, wherein the sample buffer controller is
2  operative to decimate the input samples from an input sample rate to a lower sample

rate, and wherein the decimated samples are stored to the sample buffer.

32. The searcher of claim 31, wherein the sample buffer controller is further
2  operative to pack the decimated samples for each chip period into a single word, and

wherein one word is stored to the sample buffer for each chip period.



gueue by the subset of paraneter val ues downl oaded for a current
configuration 4 register. W 03/065610 PCT/US03/02912 26 26. The net hod
of cl ai m W@ owkesiiei n t he set of paraneter val ues for each PA/tsSk2912
identifies a particular code space to search for the pilots. 27. The net hod
of claim 19, wherein the set of paranegt'er values for each 2 task

identifies a specific section.pn.a e buffer fro i ¢h are to
be retrieved dp lbec g%ag@gr toé Ciaéglr %(Z”\P%?reknhtfge pslafngges BM?%J l%ﬁ’{%%ci %%3 of

cl ai mol9, civher®uffet. he set of paraneter values for each 2 task identifies
coherent and non-coherent accunul ation lengths to be used to search for

the pilots. 29. The nethod of claim 19, wherein the set of paraneter val ues
for each 2t [ tif] b ' k0 whi ch
sear oh resul t ohre 1 acil & GREFIY e M Aol ol aE AL it
conmurd cai plaralBy of S@mosobaIks séegherdoy tmakbrecabufdmple dpe matrd weiten tsther e and
provi de sanples for a received signal; a sanple buffer controller operative
to recei vidmpRbyifer oy HWELSOREHIAD- sanpl es, 4 provi de the pre-processed
sanples to the sanple buffer for storage, retrieve stored sanples fromthe
sanpl e buffer, and provide the retrieved sanples, wherein sanples are 6
stored to and 3%t ri Ehegkafchenoft diains 30ypiterdin thessanipte bufférieiniplementod with

mul ti pl exed manner via a co n rt; and 8 one or nore processing units
oper a% ved IETery Esddo frﬁglepigp%'?}g@ﬁg%{fﬁﬁ?%sa TEIVAMREr dance with a particul ar
processi ng schenme. 31. The searcher of claim 30, wherein the sanple buffer
controller is 2 operative to decimate the input sanples froman input
sanpl e rate t o3& | ohes seaphsr eof ¢laiﬁle,30aﬁﬁlemi@rt£ﬂ QN |8 HOEE] B@F%l%a%?ses are
stored to. t sanpl e buffer. 32. The searcher of claim 31, wherein the
sanpl buff&Ccontrol ler is further 2 operative to pack the deci nated

sanpl es for eaghieshtalepacduathlatet Operatve @ desppdad, thendtricvbérsainpleaneitivar d i s

stored to the sanple buffer for each chip period. WO 03/ 065610
PCT/ U403/ oig spquenge at a specific state and to coherently accumulate the despread samples for

each time duration of a particular number of chips to provide a respective first result.

37.  The searcher of claim 36, wherein the one or more’ processing units
2  include:
a second accumulator operative to non-coherently accumulate each group of a

4  particular number of first results to provide a respective second result.

38.  The searcher of claim 36, wherein the one or more processing units

2  include:
a rotator operative to rotate the phase of the retrieved samples, and wherein the

4  phase-rotated samples are despread by the despreader/accumulator.

39. The searcher of claim 36, wherein the one or more processing units
2  include:

an interpolator operative to interpolate the retrieved samples to derive
4  interpolated samples at a particular phase, and wherein the interpolated samples are

despread.

40.  Anapparatus in a wireless communication system, comprising:



33. The searcher of claim30, wherein the sanple buffer is operated as a 2
circular buffer. 34. The searcher of claim 30, wherein the sanple buffer is
i npl enent 8 ®ibFs102 a plurality of menory banks, one nenorpCToEgUk/0tae each
sanple in a word witten to the sarrpl2§ buffer for a wite operation. 35.
The searcher of claim 30, wherein the“Sanple buffer is inplemented with 2

a nermry used to inplenment a deinterleaver. for a Lve [ g 4~ The
sear cker of cllﬁ??ﬂsggf IRRAHE ARG REIREESE e JBRE SFt g:egg@% \régﬂéﬁéfn?%(imggaqitﬂcl ude:
a despr ea[;}g{;i/d@f,gé.; bak&T sapiésat i ve to despread the retrieved sanples with a
4 code sequence at a specific state and to coherently accunul ate the

desprdad sanplmsarisdor stetingthe prepwaesaed s@MeEs;a particul ar nunber of chips to
provi de a respectiv

first.result. 37 .. f clai rein
t he one or rmrIB‘?a‘Ergoéerg eH‘gn%ﬁ’.%t étore ib’arllﬂ_ g%jz&ﬁgq}g%gg% ga%lg%ﬂrguﬁgia o{rm@

oper ali VedivRioa0 Ant@ielcaninkinacwitiuthat Roas lof gheype plocassed pamléscviaar nunber
of first results to provide a respective second result. 38. The searcher of
cl ai m 36,copifeeepertidnd one or nore processing units 2 include: a rotator

oper agl ve 1o fﬁ&ﬁ}sefo&*ﬁo@éaggg Hé r%@xge;//é@tsﬁlin 84, SATRdGRce MA@ WBHEkt he 4

phase-r ot at ed sanpl es are prea t he despreader/accunul ator. 39. The
sear cher wbcsbiapnridpe. wherein the one or nore processing units 2 include:
an interpolator operative to interpolate the retrieved sanples to derive 4
i nterpol ated sanples at a particul ar phase, and wherein the interpol ated

sanpl es are despreades ffkr ufift iRRRAFRs Sotnthudlicdhi 18R, cOMPRingat | on system
conprising: WO 03/065610 PCT/US03/02912 28 2 neans for receiving and

pr e- pi2ocessi nga itasiuquesampeetivé dp store e plupaily if getsl off parapietsyivalues for a
P P e Ry B Ey REb LA L RegsBpgposed samesi eens
4 a set of configuration registers operative to store a set of parameter values for a
current task;
6 a first controller operative to download the set of parameter values for each task
into the set of configuration registers; and
8 one or more processing units operative to search for pilots in the received signal

in accordance with the set of parameter values in the set of configuration registers.

42.  The searcher unit of claim 41, wherein the set of parameter values for
2  each task comprises one or more subsets of parameter values for one or more
configuration registers, and wherein the subsets of parameter values for the set of

4  configuration registers are downloaded in a particular order from the task queue.

43.  The searcher unit of claim 42, wherein the first controller is operative to
2  download the subset of parameter values for a next configuration register only if
indicated as being available in the task queue by the subset of parameter values

4  downloaded for a current configuration register.

44.  An apparatus in a wireless communication system, comprising:
2 means for partitioning an overall search for pilots in a received signal into a
plurality of tasks, wherein each task corresponds to a search for the pilots based on a

4  respective set of parameter values;



6 division multiplexed manner with the storing of the pre-processed sanpl es
via a comon port; and 8 neans for processing the retrieved sanples in
accor dancwomstoas@oparti cul ar processing schene. 41. A seaahesosuzdi in a
Wi rel ess commruni cati on system conpris%gg: 2 a task queue operative to
store a plurality of sets of paranmeter“values for a plurality of tasks for
an overall search for pilots.in.a received si L: <4 of . C I guration
egi sters oper BeRvert Pepleding w8 SEFEpRGEL I el Bef Hordhel FRA Task
6 a fig st ca@purflongtgiapel &id ve to downl oad the set of paraneter values for
each task into the set of configuration registers; and 8 one or _nore
processi ng uni MsarpEr asepsehingofos galotnin dre peeiyed sighak He agcoedange Vil §iwal i n
accor danc i t s in the set of configuration
regisS%rSSO%g$g*ﬁQ£%§§%é éﬁaﬁ%@%§g§{%¥gﬁﬁﬁll, wherein the set of paraneter
values for 2 each task conprises one or nore subsets of paraneter val ues
for one or nore configuration registers, and wherein the subsets of
parameter values for the set of 4 configuration registers are downl oaded
in a particular order fromthe task queue. 43. The searcher unit of claim
42, wherein the first controller is operative to 2 download the subset of
paraneter values for a next configuration register only if indicated as
bei ng available in the task queue by the subset of paranmeter values 4
downl oaded for a current configuration register. 44. An apparatus in a

Wi rel ess conmuni cati on system conprising: 2 neans for partitioning an
overall search for pilots in a received signal into a plurality of tasks,
wherein each task corresponds to a search for the pilots based on a 4
respective set of paraneter val ues; W 03/065610 PCT/US03/02912 29 nmeans
for downl oading the set of paraneter values for each task into a set of 6
configuration registers; and neans for searching for pilots in the received
signal in accordance with the 8 downloaded set of paraneter val ues for
each task



