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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
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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

comuni cation |ink, which can nmake de?ecti on of the pilots difficult at
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[1005] Aspnstainist Kb the pieftis Gietortes pyroiss and inferfeseiice i e FmpmpnigitioRay be
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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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partitioned intoa nu of tasks, each task corresponding to a
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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
paraneter values for the prior task be retained and used for the new
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invention further provides nmethods, searchers, digital signal processors,
recei ver ognfigwatiensd ot her apparatuses and el enents that inplement various
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of an en%ggél?}gén%m% Ig&?cg’cgﬁ/er ur\é%‘??f%ﬁﬁ%ﬁk@%ﬁ]aafg@?s a bl ock diagram of a
speci fi c leidwadi nent of a searcher capable of inplenenting various aspects

and enbodi nents of the invention; [1011] FIGS. 3A and 3B are bl ock di agrans
of a specific enbodiment of a sanple buffer controller and a sanple

puffer, respect] vel yRpi0pAlSCIEPTION UF 9310 PRAWIRGS! hat 111 ustrate

the use of the sanp as a circular buffer for the real-tine node
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FIG 5 i shaughagradwietaist rati ng an enbodi nent of a token-ring structure
for a [1009] FIG. 1 is a block 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
4 DETAI LEwaDB®HERI1PTI ON [ 1017] FIG 1 is a bl ock di agram ofPcamussadozade nent of
a receiver unit 100 capable of inpl eminti ng various aspects and

enbodi nents of the invention. Receiver unit 100 may be inplenented wthin

a termnal (e.g., a cellul v din one or nore
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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
processor 120 may perform a nunber of functions such as filtering, sanple
rat e convensidmaseisear chi ng, denodul ati on, and so on. Di gi trdT/y80e0zESOr 120
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
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recejver 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 CDVA base stations. And for the GPS system since the GPS signals
transmtted from GPS satellites do not include pilots but instead include
(50 Hz) dwtowsmeshibated w th Gol d code sequences, the GPS REAIHBOZ2I S
typically performed by first renoving _the data to recover the Gold code
sequences. [1025] To gener ate a pilot %t a CDVA base station, pilot data IS
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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
priori (e.g., due to unknown propagati‘'on delay and nultipath effects), the
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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
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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
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[ 1033] “fi @B@E #i%"P&Rbodi nent shown in FIG 2, within searcher 200, the
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‘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
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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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results, 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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signal, as found by the searcher. Rotator 22, int
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whi ch multiplexer 316 and the decimated and packed 1QIQ samples are provided to a second

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
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[ 1048] Thaitk etittie ¥&alchen200 e parfdrrh ahare Ic@x@ampbmspanenqonmw dléld stampiiiog ators
222a and 222D, respect ively, which pe or?t‘pﬂ Ee rotati ?(3 to ﬁove | ar ge
frequency Ik i§ruspdh by jsample] feésc‘)mf%l% Cch AP 1RSOTURND s“%’ﬁ’ ERhi px8
timng re e.ﬁfllﬁ y am’?ﬁ! I N cloRk tsdurck MBat is
phase-r ot g%g{ﬁ Qﬂlt& egl(gr eTthllaﬁst e pg?at edn%srﬂggﬁgﬁ(?%& timng to chi px8
tim ng ardclatd drivelagdecitlia typplodsecetiet signahbeinp praosseed 1o g., WEM or GPS).

: Rtsg; Ito |O|n f%péégl%gﬁagﬁﬁ&%gﬁggégﬁ “gaé'rl{ﬁ%&fl ﬁ%ctsuér(r’?%?yﬁ gﬁ) sa?rp:))es and

three zerggsiet Waphe TGS APRbLHe, Ahe WebRB DD Shib1EXTT6HSERLABR A ter 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 equal 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



12 phase-rotated Q sanples. The zero-filled |I sanples are then filtered by
a digital lowass filter 324 to provide interpolated | sanples at chipx8,
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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of recei Vtgd i lﬁ%kla??gi ng processed (e.g., CDVA or GPS). The main clock and
t he sanpl ?\‘g‘?eé V°be synchronous or asynchronous. [1050] In the CDMVA
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i ncom ng | anples at a particular . reference counter, phase (e.g..,. when
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selected to" be the 1ncom ng TQ sanpl es at anot her reference counter = phase

that is fuonit1@hinaydesksighed ioeprpenss vaniens typesyof, sigiadss suaheastthpsedranspiftesk  t he

from CDMA base stations and GPS satellites. 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



reference counter are equal to four). [1051] In the GPS node, the incom ng
| Q sanples fromselectable filter unit 210 are also provided at chi px8.
Simlarl ywadeesdinobe signal is used to |atch the i ncom nediuds®o32 065610
PCT/ US03/ 02912 13 sanpl es such that tp proper on-tinme and late |1Q sanples
are stored. For GPS, the proper | and% sanples are determned relative to
t he 1 0 rrs.‘seze.’:&:chfir{ e \791%] qgﬁri%lplé{}ﬁ%nq jons o’ g&cﬂﬁggﬁ &meﬁﬁn%ﬂ?é & uii%ddﬂ)t a bit.
GPS is note Sensitive to correc I nNg since any —ambigdity 1h timng

t ransl at eanplemsiaie tanple puifer. pseudo-ranges used to estimate position. The

strobe signal is thus generated with jts timng aligned to the ec
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enbodi nent, sanple buffer 122 is inplenented using nenory that may be used
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the a pointer reaches the end of the sample buffer, it is rolled over and starts again at the

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



RAM nenory al l ocated for the deinterleaver may not be used, and a portion
of this nenory nmay be used to inplenent the sanple buffer. Simlarly, for
a GPS si gwa 03/0bba0 dei nterleaving i s not required and the HRANISWIOZHIY nay be
used to inplement the sanple buffer. %n general , the sanple buffer nay be
i npl emented with any nmenory wthin th receiver unit if that menory i s not
bei ng used excl usi vel ofr a particul ar i e kOt er | eaver
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' -with a length 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.



t he searcher is to perform coherent accunul ation over Nc chip periods and
non- coherent accunul ati on over NNC coherently accunul ated val ues, then the
read poi nwerosmagsibe initialized to NcNNc chips prior to threEa/wgmBozipoi nter,
as shown in FIG 3C. This will then provide the maximum amount of time for
t he search processing so that the wriﬁg pointer will least likely
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i ndependent and can use different start addresses and |l engths. [1062] FI G
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[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



bet ween sanpl e buffer controller 220 and sanple buffer 122 and the searcher
processing unit. This interface supports both real-tinme and off-Iline nodes.
In an enbadi3mestlp to reduce the nunber of signal |ines amtsusphediy t he
sanpl e buffer design, only one port w.th one set of data |lines is used for
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per f or m ngo@n18&dedof P PE:tiGhlar, the last bit in each task 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.



nore search tasks. Each such search task corresponds to a search over a

gi ven segnent of sanples and based on a particular set of paraneter

val ues. Awp osuwban of search tasks may be perfornmed for a@iusesozgarch
operation, and the paraneter val ues tq be wused for each task may be stored
in a task queue and downl oaded to the éearcher prior to performng the

task. [1 FI 4 15 a.diagram.i tEng, t I TSIl
searchero[%%’}]and g‘?’aﬁlzgé,ﬁ"\?\hP%rﬁ géae%ll&?:a?)l%?r% ?h%lggﬂeg%%%f]g%g{rglt%?on. Pn an
embodi MedowniGRIES Tesm 280 taskpRasUeSto aile Wonbraliad240ilahd phe-taskséonsigaration
operation. [1068] Wthin DSP 250, a task queue 412 is in’giIBe:iren‘&‘ed on a
parti cul aegisierrohdye begnkprogmpmes awpelngly Mecsrhdigeess haaBe opha ry
banks avail aple tp t . . . The S e t or ; efsksear ch
t asks, a?lbdls?(ﬁeont atfs?? s‘tht%(iglrg)g‘}e?m|8;eg;fS(g(?rtsrr‘?;diﬁb3q/Mffé Heréggéef%rg'c hejr%tﬁrrg%/h\{o&ewg?% er esg by
their |0C@Tnfigmﬁtibﬂﬂrdgﬁl@eﬂm®,ydae raghntnaskditestly &fyithe DSByvia anotberpus (¢.geaset  of
paraneter values that may be _downl paded fromthe tas qcll;lgeue and progranmed
into a setorgnterfas®). apHIoEURAL o WENUE Being ﬂlf?ﬂgihgﬁeﬁ? iFYEW°wi t hi n t ask

control | 0. 20 i s BRscARRACthé ¥ RS PRFANTRL er s
for the glgg? h V\Bgﬁgﬁ%@gf%}%ﬁcﬁ%%gg%glg?gmﬁ pr ocesg?f?\g;g, suséh as the

speci fi c thamskesnfigurhgornmeisitred Adthe ¢rtveofRch seareh sk dasa prerfase gnEde, t he

coherent and non- erent .ac | ation | en , SO r a

gi ven sedPtHYGpRraty t%ﬂgﬁ% %%‘8%?8@%?@60@%%‘% é’g’gpcrh&?algéstgﬁ DSP

250 provigdes tad itk kit O fsundd Qamrfésabhd Sspromiviely patks theliesalteforhl) t he
identity ©of the specific nmenory bank used to inplenent the taskdgueue, (2)

the st ar tthagccadudasss (e, as irdieaterkbgrafiguragop reistes fang Badke Pagkgd €8 a t ask

count indicative of Ny [ I - eue. Upon
recei vi ngls(tﬁTﬁnssegtt\ﬁ?ﬁl\?‘gr}%taeﬁgge %fgdtlorrgsgg br%rlgf%?§$§’é%gls]§§p(z%) control | er 422
wi thi n t agg74jont e lah embdéiinée} edvhssefich eask waybkqrdioymed by passames éokenval ues

for the tasks in task queue 412 via gEDIVA interface unit. 416, onE task at a
time. [ 100m]omeoprasassing 8Bt medliert oBal BEACESSiIe YNt LR P& FEHIERET, B yes

for the t%%l‘gingé Eo B%ﬁ% %’ ?Qﬁgulfaf ARG kF(Sane%i%ﬁ dGraNdsiBleatk ﬁﬂ'&i&@in}gﬁﬁlﬁ the

(e.g., si ation registers 424 within task controller 240.
In an enbedéiment, tokde fpar anetedingalmigspeirforms Hes desdgriatedofmicien and,oppon

Vol ues 1 oFRBATRHINT SucPP o FRgripk 8 6 Btidlih caged 11 rst. then the
par anet er rjgakes gior 54as idePnh ilidtadiOm &B8Bb&EERAt of afokeflonplsoactett 508xt, and
so on- | nfor 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



the task queue, the paraneter values for each task configuration register
include a link to the paranmeter values, if any, for the next task

conf i gur anvicons/esgd ster to be downl oaded. In particul ar, tr@E/vsso2det in

each task configuration register (whim is referred to as the queue-Iink
bit) may be set or reset to indicate ether or not there are paraneter

values in th ueue .t o, be .do ded, fo t i I
oot st er ampfes Aoty FflRH RS orble ol Rt BRI, Gt BUicU A
regi ster haldoafidemabRagiand isresgictivély, @ddurthfrantekidatpd by imttrpolaval 226t f or t he

next task configuration register are available in the taséétg eue and wil|
be downl chelepkcii@x phipy$ phaseiindicafed diy dask -copHigumtien fs Ths infesp Samp¥gn no

Tore_par agelel palieno Wb b ol adeshagridie task queue for the

current nkirng scheme tor the task configuration
regi ster g1978]vi dgse searetickltheravmitioages a cbhersht, adchmukitive stite 6 e whersky queue

may be reduced since only new paraneter val ues naqt t progra din the
task confthgieppleredrsapipls eresdesprad f‘?fi %egqngly@acqrﬂﬁ@qqé%aﬁegsquc W Fefn,&_ sear ch
operati Onac%}{ulhﬂﬁlg ;Qgéﬁ nNg,b_Eifldig%tec\ﬁM atﬁlﬁ%sl@r&@nﬁg\ﬁﬁ@oﬁ asks meyofEohesdnti | ar to

one anot her an associ at e the sane or simlar parameter
val ues. dcBuhiliiafiof as ey bel ppifomadded.epafhanetlpas vadicasd ire gk monfigeatgaobkd in

t he task queue, which then reduces the ry. requi rement for .the queue.
Second, uhfreBessHeE eI EHiGHs 6&8%‘00%@t6%§m?%b¥)?° 'ﬁ%heg%fglgcm*l?tbcﬁlrl tion

registers hgat ; I coh@leHEstcainBlatiod OTHE dearkiht Gihvith@Bitibgduces
t he nunbe?eﬁ-%%lngﬁggtﬁvgsrgsrug@ ?iﬂgﬁi%ccfcl o8 WD 037065610 PCT/ US03/ 02912 18

[1072] Onseewedn staibs § teeamiai2fifet ey muzy nescdherens agrivymvations as indicated insask been
downl oaded from.t hS task queue to task controller 240 and the task
confi gur a958UaHERPst er s have been programmed accordingly, the search

process baghreis f @pohhalontpiion RFsadl abhbRar Catub@ltRhs OAid Sho-echdréntt hese
regi sters. Alternatively, the task configuration registers. m

. be .
pr ogr anmeatcuinnkativhs; theyscatebensiery  packies/RMA siate 322 yhereby dag Ff’cter%{%?é‘i‘“ftac e),
as shown in FI 2, W thout I r ) r cher
200 perf o#z#sp% Eﬁhds gczflugﬁl?#l%l %%%ng’e%{aopﬁggﬁ%g Q%néal%gédr g%{?gﬁsr eJ'suét gglgdcrier ?ﬁ@ t he
task confygrnabspPIeghsingr®. thétadtitess aniitaefd macisk seafigivatiasit, @b sask

interface unit 242 receives a DVA start signal fromaccunul ators gsfo and
234. Uponcquatesiiyithpy dasrementedyndfi the daskacqumtes ip LG {0 3950, i‘%ﬁ%&&g tha

sat ur at esfhel%(';g‘il% g@géﬁgé ita%kse#oyb E&Qhérﬁﬁlﬁlsgftclflé’rqgﬁgrﬁsnﬁ 2K ASABHh 2§t QfeS

(e.g., as In y configuration registers 4 and 6). The packed data
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 = N¢-Nnc chips), at step 614. The read pointer is next set to Nc'Nne

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



Is then sent via DVA interface 416 to result buffer 414 within DSP 250.
[1074] In an enbodi nent, each search task nmay be perfornmed by passing a

t oken frwaawesqpocessing unit to another. Each processi mrewsos/omiehi n t he
searcher is designed to performa partOi cular function. For a given search
task, each processing unit receives token froma preceding unit,

performs Lts  designated f | O [E? 0 C ' f Lon,
passes t HEMg (gﬂreﬂ"et %eaf%eplﬁ)égﬁ%}néh F‘f % 1?)1{'/62] PrIl—nfaé\% H@kﬁ 513%?553@5%{ Si Hﬂﬁ&slt rating
an enbodi @Rkheofe.@, Rk Bitidli P site U6 ther ebtaiéd byoPNamaskang land abkk requiredi al |y,
the searcher is in an idle state 512. Upon rec ivingthe start co nd

from t he mober of slewedockiaicles) i dhan Qf—‘ttf’émlﬂg)’%?daa‘ﬂda HN, @eﬁﬁo’é‘ﬁé’f‘@rme f there
are tas gt%l stlneQY Eog th%g@élr%?ﬁféﬁ(h\ff 5 FthaP Steh BFK. lerecéﬁing?gé CRUEHoRYsikhg task

cnt fiel onman el ng not edual to z (1.e., task cnt #
0). AlterfahitheP¥ gdneeatsre arhidteindidateanidtttho sear¢her haPhoyed o geaprep& 1IN f
there are no tasks tq he downli)aded be the

i.e., t t =0 |
case if ttidettheRamplerhudier sontey qé@ﬁé&éﬁé‘”ﬁ% égriiﬁyeggmt%%a{r{pgaﬁlﬁgerm& t he
DSP. 1 1076kyiqW! B rfib Ao 0 heSfrBl sind dnit DVAORARE SQkdIRE, o idp doon! 0ads

i
the paraneter values for the next task fromthe task queue and prograns
t he task [d082]i gufThtipooresy gettpefe .2 GRHseacdinpslemay prasted Hiea HoWal BaESor t he
current task, t earcher .transjtigns to PN sl ew stat 4L In PN
sl ew st at?é”g&%, ﬁ@pg?%? fg‘ﬁh‘? @PSF%%?}M%%?H%W %fté&i rﬁ?’?%lg? b{S esfltllét e
i ndi cat edipk Nediafke GRHe! e B i samplesaitél col@iually ei@ed tte thedutfes as dtbyPitest at e
I ndicated by the PN slewlen field in task configuration 5. Upon

conpl et i oreceed. himitiAlkywtheagad pojates #t stitophe stag odvibe b peses syRBIE POPRIATY. IS PN
generator, | Q.sanpl e ' I r B at the
sone 2L BB oASE LA BIRS AR e ORIOR g, i

PCT/ US03/ §29 barandfers dopthesearcher @it thel ifiialr PIN ataoe an® #2 togsiect mmbdredfphase

and frequency offset indicated in task configurations 3 and, 4,
respect i vEEY ,CIO&K&YﬁIGF)t%%thnrﬁeéﬁ%’ﬂtha@aiﬁ%ﬁ]ﬁrﬁeg?rﬁ@?éﬁ Brosssgned O §Hbheheci 1 ¢

chi px8 phgsg | éxcﬁESQin'gnthE %%gvr_?eﬁlaf éig%g%fﬁfdrﬂ RhAPN TS eialire fedatpRIbsraep| es

are then provided to deSprea cohe t accunul ator 230. [1078] The
sear cher tdigoller stags rétdeeing camples Heome tite seouplerbhiEfer and proyides 3h@raifeedby  t he
i nt erpol ated sanp] es are. desP}re%g. at?ld coherently accunul ated based on the

S WRlIB111 T

coher ent SHRREHAILE PORCSEGIH! RSFEHEd in task configuration 5. If

non- coher g@B3]  The process 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.



accurul ation is to be perfornmed (i.e., NNC # 0, as indicated in task
configuration 5), then the searcher enters a non-coherent state 520

wher eby neo @aasrient accunul ation is perforned on NNC r edssoBozaret he
coherent accunul ati on. The searcher transition between states 518 and
520 for as many non-coherent accunul ations as indicated in task

confi gurati 5. 11079] .Upon l,eti ; Lons and
ron- coner IS o EtriFa tREReTRER g8hbATfn Bt IneGRRR SilinAGSH I Ee 08 57
wher eby dgi & foo®s.f Si@Ee theispeciflé Zefpeftescduhecanspondiag toahe sastf tis moetd

provi des the packed data to result buffer 414 w thjn DSP Zgl?ﬁ s%arti ng at
t he addr eeperdtioniigknayn.ithe tealfs s theyigrrchingay be rethrped iglative LR 1EFCIFNCet hen
decrenented. . | S S L inlthbeal b g ohhat
there ar ecosum‘ll%as%rgggtt aésﬂkr%%%tf%éndﬁecro%fﬁrr@gfle ﬁ%{r}’eﬁﬁe slgar cher ret gr ns to
task | oadieng ®ualdy thtdseamhdopurdtivng thhefinpear pnetessory af s rdker recéivemat t ask.
O herwise, If the task counter is zero,. indic intgwtﬁg)z%t al | .tasks have

been per f gewedito the @ropeR ENsROSHIGNS cowespgading t the ora dhyRepks £518158 psp

en p | _ i
[ 1080] F1 B P R, b L oy scocs 610

to set upplafteck apEBiikn stemstehificasferene oowy $has 10gnealpr then ey mexinwan fpgerask

Che. o Jek . AnEo B et st S rsthert g SieleR ot BV Pl Wl ong

| Q sanpl efp s @rdcefblsauously stored to the buffer as they are received.
Address generator 320 nmaintains the wi te(ﬁgi nter, which _indicates the

addr ess i H086hpl dhbutsodetionpandsigte ofhibe dared Qoiraples at variowssigdal PIogessE
Initially, the current wi ik a LatEthveaf & ence
count ar Péloﬁlgtlgﬁﬁ? ﬁ% o8 gltd&sﬁcelglg%%gef%g\qéﬁf%rr gﬁ%égag%ﬁntﬁﬁ%blggﬁl gll ned from a
f r ee- r unnpigof LEIINGG addhaiffetcht ssapletraepayiale beehstifoetiei nnmdf @ samples,
receiver unit. The length of the search is then calcul ated based on the

coherent aftthisdh WabHENE AEOPROE AMMYEIUOR- | engths  (i.e., search length =
NCN(err) ﬁ?ﬁ?f) » T sS4ERerGhd sez;fa‘ﬁln% ?&Hnigg%srﬁe‘é‘éﬁﬁeﬁ Hagh nS§ibetimplieddded chi ps

earlier t he current wite pointer ress to providé the nmaxi num
amount  of iniDtePR{6 56 2 WaRCTALISOB] O 2Efkless 20muivmisation sysiems ehecsaighescanslsi ng,

it o] PR BB BN TRPByRPRI TSR ONg GREA RIOF B Le  Rifber o
sl ew cl ockyf¥Rh8ShdavechReN spiedgd. m ned, and the PN generator is programed
[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.



to slewto the designated PN state, at step 618. Upon receiving the

sl ew-done signal fromthe PN generator, which indicates that the searcher
has novedwooostdassipr oper PN state, the sanpl e buffer cont rrdt/eso3staret s
retrieving sanples fromthe sanple buffer and provides the retrieved
sanples to the processing units wthi % he searcher, at step 620. [1082]

The proce S for a ear.c ] S| m.l.at, manner
as for a MS eﬁeéﬁf%lgisaﬁé HE?%%SCF ﬁléeraggo}s' ggéré%eﬁ?gtaﬁéqggﬁnglﬂéq%%%@ g?&r%glg? al so
be used igctibke TIRRE headiRgs@me Qo nderdded 36 Mipliethe atepecomthe ruatdpys ddsaited to t he
buffer as they are received. Initially, the read pointer is set to the

start of theein updpscanshisreConsEP§aRsy have anplicehiliyniBOtheisEqliony PHRYSAPYck
source | ogked..or ! to the GPS signal. The required slew paraneters
for the sti’sr%E%l%SP%%hg%@qt he initial PN state and the required nunber of
sl ew cl ocK09yE! eShearevidiradescigitmnifnixddiacldsedrentiRiigente issprovided tqpemableanmred

to start the slew._ Upon receiving the slewdone signal fromthe PN
gener at or anyt [perseansiibedy dnt be ag oty rnEﬂI}(FePr g 1€ PEST e VAR La pVBLOYSr om t he
sanpl e buff es. ar ' i Shégtuni ts
W t hin thémgféfgrg@ﬂ]gﬁw élsg%g[]go?ﬁ%&gér %lgggg?agﬁgeq? bﬁgnétgrthékﬁe&ggﬁgﬁ pagi ng node
may al so midbheedndriv principles defimedderedn mafFde appkedioi sherpaghadimentsl &ithppe
sanpl e buffer may be used. in the off-.line no and a specific ti.nme

cr ot § on. SPAYR 6 St of sF e bt inveBtnr dnpnre PreSBitdhdrtioh iRt ) o
buf fer copfdiabh & be2RRitk$ tdthe SfdBaREntShs vaHerdie BaIid kdBe Sbaledithawidepec f i ed
reference count. This reference count corresponds to the specific time when
t he pagi neropadomsistent wWithtthe ponciples ap@poyeh fatures dipdoseddsedied. Wien t he
specified reference count is reached, |Q sanples are stored (or recorded)
to the sanple buffer at chipx2 and for a particular nunber of sanples
(i.e., a pat] culWHAT ¥ CILABMEDS: Wien the record operation is finished,
the wite pointer is stopped. [1084] 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
wWth 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 determ 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 wup as follows. Since the specific reference count correspondi ng
to the stwaodmbsdihe record operation is known, the resul tlcTiussanedie search
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 | ' . ibayres included herein are

provi ded for iIF‘Peﬁ\gﬁggﬁug%m%E?%?%én@C&ngﬁ%%s ‘of bits of resolution and

di f f edent sanpi@ingahe mpomyanaplsntosamplabiffer; t he | and Q sanples, and this
is within the scope of the invention 87] The searcher..and sear chi ng
techni ques dedeWicKdg SABPES ﬁr%f}‘ebg@mp#pl{;‘é%ﬂd gHme; (ﬁwéloflél?‘mlﬁ]ﬁfcecgwalgleﬁ ase
stati@n qf: I8 ﬂ@iggygy’ idsOmEystem The searcher and searching
technlgquggltml\gsgdgg%ge used fa{(;;fr?5 \?ari ous CDNA systems, 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 arrays (FPGAs),

processors, controllers, mcro- controllers, mcroprocessors, other

el ectronic units designed to perf?rmhe functions described herein, or a
combi nati on t her eof ThgmeBeq ofglaim 1 rhGEGB$ % nent ati on, some of the

sear cly processj %ﬁ-gé ki BRNVeE thptt $dh P10t 8@ rddaodhe saRipE BERRTeS,
funct iréons, and‘é@gn n 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 execut ed bX. a p{"t?ecr%gt 4 o% Clath 1, Pu?t?lgrré)olrrllper{sinlg?ﬂ) - The menory

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.



unit may be inplenmented wthin the processor or external to the processor,
in which case it can be comunicatively coupled to the processor via

vari ous ne@ns/Es61ds known in the art. WO 03/ 065610 PCT/ US@I/ 00941222

[ 1090] Headi ngs are included herein fo4_reference and to aid in locating
certain sections. These headings are Mot intended to limt the scope of
the concepts described therein under, and these concepts may have
applicability in other sections throughout the entire specification.

[ 1091] The preyi ousThe$sthdt oPRIRH | hevhdiese kies esngotndicrentapetsedrow ded to
enable any person skilled in the art to make or use the present invention.
Vari ol gribgffer.ons to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents without departing fromthe spirit or scope of
t he i nventi on. 10.husThé methode$ elaim 9nfiethier comprisinpt i ntended to be limted
to the enbodi nents shown herein but_is to _be accorded h@g w dest Sﬁope

consi & ent wi t MARENRE aWTIE RANEHIHEAHNE of daguireat Wiite _dEssynniBf SPRPIS 1092
VHAT | S CutED S < HIAIDRTEI0,AETHLSAS0R312 23 CLAING L. A method of

processing a recelved sl gna a el'ess comunication 2 system
conpridi ng: remaimdinigginpratl mamtpt eslidative tofie cuetest vead sddgess|in the semplei ng t he

i nput sanples to a sanpl uffer; retrieving sanples fromthe sanple buffer
in a tinggﬁgﬁﬁgﬁﬂﬂe gBW%PB?%ﬁnWﬁﬁﬁapp%?WWIh the storing of the input
sanpl es; and processing the retrieved sanples in accordance with a

particul ar processing 8 schene. 2. The nethod of claim1, wherein sanples

are stored to ahd r&he msthed dfrcdaim 10, ttherein st leadpeintar iy indtialized ®aswH Port on
the s le butfer. 3. Th [ r conprising: 2 stalling
t he pragge@fi%te\gﬂlélﬁ%\?g;asﬁtﬁpggagnrreg%re\gﬁ%rs g& r;t %Plg)ﬁg{gg{gf he sanpl e buffer.

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.



4. The method of claim 1, further conprising: 2 packing the input sanples
for each chip period into a single word, and wherein one word is stored to
t he sanpl wdosfossaiof or each chip period. 5. The nethod of daiwsod/p2oberein
on-tinme and | ate i nphase and quadraturg 2 input sanples for each chip
period are packed into one word. 6. THE nethod of claim 1, further
conprising: 2 cimating, the.i.nput s I r i rate to a
| ower sanpl e rdate, nﬁ}fﬁa‘g[%%%‘flﬁu% il’ew eclin(r%r% 1%8&2%‘%%@9%%9@?{5%1%& to the
sanple buffer. 7. The nmethod of claim®6, wherein the input sanples are
decimated from 2 eight tinmes chip rateaiﬁchi,px8) or higher to two. tines
chip rate (chilk2). Agnetipd ofescarding fon Bilo dn & Geoeher EgMahrins? yreless

i nterpol ating t.he. r Lev .es fromthe lower sanple rate to a tinme
resol Gti off “’%‘ﬁ%l".n%ﬁﬁ%t%ﬁ (g&n € rate, and wherein the interpol ated sanpl es
are processed. pRiéH3MHD 61&alPCTdrtIOB/ [AR1R the dectived signakinbod phfralityaifm 1,
wherein the sanple buffer is operated as a ﬁ{lCi'ﬁé:u ar dbuffer. E.O. ‘{he

met hod of taghsaWhemin gagh {4k COREIRANAS i%g seaschhior thepiigts ased g 4 WSPRGHNG &F

i ndi cati V&p%}mﬁet&lvaﬁ&gi wite address in the sanple buffer to store
sanples for' a next wite operation; and 4 maintaining a read pointer

i ndi cati ve of dovenloadimg the seidofgrdimester valuasHer exghytas intou seg pf eenfisaratiosy e
sanpl es for a next read operation. 11. The nethod of claim 10, wherein the
read poi nC&PE aPRitjalized based on 2 the wite pointer and a set of

par amgf er val ugs chfifs thPpildE AEBR Teddvedkfonalliheaco®idbaet With tealoWnloadeiestei n t he
processi ng conprises searching for 2 pilots in the received signal. 13.
The net hoof mianéter values foiracktaskt he processing conprises recovering a 2

qui ck page indicator bit in the received signal. 14. The nethod of claim1,
wherein the processing includes 2 despreading the retrieved sanples with a
code sequence 6. a TResiefhod ditkam; 19 Mheraio hghenlityyofaetusfigastmater vahees
despread sanples for each time duration of a 4 particular nunber of chips
to prd@i diershe plujslie ofiiasks aresttored 4y p fask queue.

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.



15. The method of claim 14, wherein the processing further includes 2
non-coherently accunul ati ng each group of a particul ar nunber of first
results two (@roesdide a respective second result. 16. The nmatdrmogsoseh2abkai m 14,
wherein the processing further incl Udaiﬁez rotating the phase of the
retrieved sanples, and wherein the ph rotated sanples are despread. 17.

The nethod of h VO
oD eI o 2 T UIRLE A 0O RBHRE R, A0 phtyt SR B o

recei ved gigRRhtifiss aap@?&laic@ﬂalspacé% sérdrefohag mfotssear ching for pilots in a
received signal in a wireless 2 conmunication system conprising:

partitioning an overall search for pilots in the received signal into a

plurality of %7t astﬁ TR ebf;%l(gn%:q?t a9KefiP Hees?:P%F'% \%%s%r Ean the

pil ots based ofi' ‘a respectl v par arre er va dovvnl oadi ng the
set of2 paf.sketeiiféalauggcifier seedon ih as karmple obudfes d’romfwkmo}nfsaglpteat arerio be

regi sters; and 8 searching for pilots_in the received signal in accordance
with the HHiHcdanearcsessed segeehfREtE PPt ues for each task. 20. The net hod
of claim19, wherein a plurality of sets of parameter values 2 for the
plurality of tasks are stored in a task queue. 21. The nethod of claim 20,
further conpri 88. ng TRe medmdvoihgiaml d@nwihagkin tirfl:l saatof\peramet%t wilenstfor eacht i on of

t he task queu a rrber of t j ask gueue, 2 The
met ho? of tagk éfquﬁflgis C‘Wﬁ' F“HE P%C r?ﬁC‘fIB‘F eflﬁti]ig S%Ié Ofe?rﬁal Tat i on
to start QJeIP?lfo%P the searching. 23. The net hod of claim 19, wherein the set
of paraneter values for each 2 task conprises one or nore subsets of

par anmet er val ues for one or nore configuration registers. 24. The net hod

of C! ai m 2.3’ ngr .el ?B? gneg?oudbgte El% n? flgggfh%fg?ﬁ e Qé?loﬁ’ﬁ)?ragﬁéte}% 2fo? %.EchOf

configuration Fégis I'n a partic order froma task

queue.2 25¢asi h@em'requsp@&flelmmaébf ;y\mﬁmbnfﬂeheo swhicteteandh paulsTetecto beal ues

for a
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.



2 next configuration register is downloaded only if indicated as being
available in the task queue by the subset of paraneter val ues downl oaded
for a curweni3/esibi guration 4 register. WO 03/065610 PCT/AISOBGADL2 26
26. The nethod of claim 19, wherein t set of paraneter values for each 2
task identifies a particular code spac¥ to search for the pilots. 27. The

hod of claim 19, .wh ' f I k
et 11 es a shbo T CeRtRprtAnd BRI St i SRR adol2

be retrigxatirdagepr ocessed to search for the pilots. 28. The nethod of
claim19, wherein the 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,,Th al j . val ues
for each 2 tasszt( igglEl%E %GP fc@gxoéf %%@Cﬁ,@q‘&o@g{aﬁégﬁl p?)%ﬁ%é%ﬁ?%ﬁ%?%%@o whi ch
sear Cl2 r egplukditpbEmmobebarks crRdneéry bAnk éaraablesarhiple dn wiweed esiten to the

conmuni cation system conprising: 2 a sanple buffer operative to store and
provi de sH#fpllebuffefona WEtCPRAERHID;: gnal ; a sanple buffer controller operative
to receive and pre-process input sanples, 4 provide the pre-processed
sanples to the sanple buffer for storage, retrieve stored sanples fromthe
sanpl e buffer,3%nd Phosdackhet dieclaiet 30, oxtedeis dhrpdasple Wiffards mplamphted wathe 6
stored to and retrieved from | e .buffer in ﬁ time division

the s
mul ti | ex®ECHRgEY BieA P mplymey "r’rmﬁg? ver {7 T8V UBF ore processing units

operative to process the retrieved sanples in accordance with a particular
processi ng schene. 31. The searcher of claim 30, wherein the sanple buffer
controller is 3@ op€has¢areher pideeimBle whgeein tirione HIPNEE PFOSLRSEHE FHBut

sanple rate t.o a lower sanple rate, and wherein the deci mated sanples are
store® t o FWsanpl e buffer. 32. The searcher of claim 31, wherein the

sanpl e buffer gaRbpreddegbcdusnuliatot bperative opdegirtadetteorepinid tsamplbe cwintmtae d
sanpl es for each chip period into a single word, and wherei.n one rd is

st or edt t ocadecsequanse &l bEcrHic Sap aadihcanTently drswrplaindiodesprg samples for
PCT/ US03/ 028 ¥ e 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:



27 33. The searcher of claim30, wherein the sanple buffer is operated as a
2 circular buffer. 34. The searcher of claim30, wherein the sanple buffer
is inmplemyatwdevdtth 2 a plurality of nenory banks, one maavysobardd2f or
each sanple in a word witten to the 2garrple buffer for a wite operation.
35. The searcher of claim 30, wherein<“he sanple buffer is inplenented with

2 a nory used to jnpl enent a, deinterl.eaver for r i . L: . The
sear cker of cllﬁ??ﬂsgﬁf SRRYME ARG RERIRECSIPE AERE S5 geessfgfﬁgﬁé%{ll}'%gs]h@alﬁgcl 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
pre-processed SRLETor ah (etilPsdafh 5 Sdil'th 4 RENELsiBhAcessed sanpl es;
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;



means for retrieving the stored sanples fromthe storing neans in atinme 6
division nultiplexed manner with the storing of the pre-processed sanpl es
via a cowoos/esaid; and 8 neans for processing the retri ewed/ssaptas in
accordance with a particul ar processgﬂg schene. 41. A searcher unit in a
Wi rel ess conmuni cati on systen1 conprist’hg: 2 a task queue operative to
store a pluralit % S ane te va ues I rahis h ks for
an overall sea %ns‘f SF d%w%c{agqogﬁtrh P frP SEf g‘;’%lgllas ?% e%cge%lk wcon |(gflsjrat| on
reglSt&”SC@ﬂﬁﬁﬁﬂkMQeégﬁﬁgﬂﬁE a set of paraneter values for a current task;
6 a first controller operative to downl oad the set of par amet er val ues for
each task i nt Begwfefosesearghingofor i pilotsain die reegfived siegal Enacoprépmee Jrithrice

pr oce i ngo\wﬁl %& dﬁs@%fg[%a'ré’rﬁet&ovaﬁfe%rff}peacﬂrﬁasE' lots in the received signal in
accor ance W Ch 1 araneter val'ues in the set of configuration
regi sters. 42. The searcher unit of claim4l, wherein the set of paraneter
val ues for 2 each task conprises one or nore subsets of paraneter val ues
for one or nore configuration registers, and wherein the subsets of
paranmeter 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 downl oad the subset of
paranmeter 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

W rel ess communi 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 values; W 03/065610 PCT/US03/02912 29 neans
for downl oading the set of paranmeter 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 downl oaded set of paraneter values for
each task



