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into a particular frame format, encoding the formatted data to provide error
detection/correction at the receiver unit, channelization (i.e., covering) of
the encoded data, spreading the channelized data over the system

20 bandwidth, and so on. The data processing is typically specifically defined by
the system or standard being implemented.

At the receiver unit, the transmitted signal is received, conditioned,
demodulated, and digitally processed to recover the transmitted data. The
processing at the receiver unit is complementary to that performed at the

25  transmitter unit and may include, for example, despreading the received
samples, decovering the despread samples to generate decovered symbols,
decoding the decovered symbols, and so on. Due to multipath and other
phenomena, the transmitted signal may reach the receiver unit via
multiple signal paths. For improved performance, the receiver unit is

30  typically designed with the capability to process multiple (and strongest)
instances of the received signal.

To perform the required signal processing, some conventional
receiver units are designed with a number of processing elements, with each
processing element being designed especially for, and dedicated to perform, a

35 specific function. For example, a receiver unit may be designed with a
searcher element and a number of data processing elements. The searcher
element searches the received signal for strong signal instances, and the data
processing elements are assigned to process specific signal instances of
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20  further highlighting the need for efficient signal processing techniques. The ability

to process signals for multiple users using a small number of signal processing
elements is economically and technically desirable for various reasons such as, for
example, higher board density, fewer component count, lower costs, and so on.
Programmability in the signal processing elements is also desirable in
25 communications systems that can transmit data using various parameter values
(e.g., different channelization codes of various lengths) depending on various
factors such as, for example, the data rate of the transmission.
As can be seen, techniques that can allow for efficient processing of a
received signal in a communications system are highly desirable.
30
SUMMARY OF THE INVENTION
The invention provides an elegant demodulator design having numerous
advantages over conventional designs. In accordance with certain aspects of the
invention, a data processor is provided to perform many of the computationally
35  intensive operations and a controller is provided to perform remaining tasks needed

to process (e.g., demodulate) a
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20  reduced circuit complexity and costs.
An embodiment of the invention provides a receiver unit for use in
either a user terminal or a base station of a wireless communications system
(e.g., a CDMA system). The receiver unit includes a first buffer coupled to a
data processor. The first buffer receives and stores digitized samples at a
25  particular sample rate (and may also store PN samples used for despreading
the digitized samples). The data processor retrieves segments of digitized
samples from the first buffer and processes the retrieved segments with a
particular set of parameter values. The data processor is operated based on a
processing clock having a frequency that is higher (e.g., ten or more times
30  higher) than the chip rate. Multiple instances of the received signél can be
processed by retrieving and processing multiple segments of digitized
samples from the first buffer.
The receiver unit typically further includes a receiver and a
controller. The receiver receives and processes a transmitted signal to
35 provide the digitized samples. The controller dispatches tasks for the data
processor and processes signaling information from the data processor.
The data processor can be designed to include a correlator, a symbol
demodulation and combiner, a first accumulator, and a second buffer, or a
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20  interpolated samples.

The symbol demodulation and combiner can be designed to include a
decover element, a pilot demodulator, and a third (symbol) accumulator, or
a combination thereof. The decover element receives and decovers the
correlated samples with one or more channelization codes to provide

25 decovered symbols. The channelization codes may be Walsh codes having a
length that is programmable and defined by the parameter values. The pilot
demodulator demodulates the decovered symbols with pilot symbols to
provide demodulated symbols. And the symbol accumulator accumulates
the demodulated symbols from multiple signal instances to provide the

30 processed symbols.

The decover element can be implemented with a fast Hadamard
transform (FHT) element having L stages, and can be designed to receive
and process inphase and quadrature correlated samples on alternating clock
cycles. The FHT element can be designed to perform decovering with one or

35  more Walsh symbols of a (programmable) length of 1, 2, 4, 8, 16, 32, 64, or
128, or some other length.

The first accumulator receives and processes the correlated samples to

provide accumulated results. The first accumulator can be designed to
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20 receives tasks dispatched by the controller and generates a set of control
signals to direct the operation of the elements in the receiver unit. The
micro-controller can instantiate a task state machine for each task being
processed, and may include a sequencing controller that receives one or
more indicator signals and the dispatched tasks and generates the set of

25  control signals.

Another embodiment of the invention provides a method for
processing a received signal in a wireless communications system. In
accordance with the method, a transmitted signal is received, processed, and
digitized to provide digitized sainples at a particular sample rate. The

30 digitized samples are then buffered in a first buffer, and segments of
digitized samples and retrieved from the first buffer and processed with a
particular set of parameter values, some of which may be programmable.
The processing is performed based on a processing clock having a frequency
that is higher than the sample rate.

35 The processing can include a combination of the following (1)
despreading the retrieved segments of digitized samples with corresponding
segments of PN despreading sequences to provide correlated samples, (2)
decovering the correlated samples with one or more channelization codes to
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transmission in accordance with a high data rate (HDR) CDMA system;

FIG. 4 is a block diagram of an embodiment of a receive data processor
that can be used to process a forward link data transmission in the HDR
CDMA system;

20 FIG. 5 is a block diagram of a specific embodiment of a data processor
of the invention;

FIGS. 6A and 6B are diagrams illustrating the writing and reading of
data samples to and from a buffer, and the writing and reading of PN
samples to and from the buffer, respectively;

25 FIG. 6C is a block diagram of a specific embodiment of the data
buffering for the receiver design shown in FIGS. 2 and 5;

FIG. 7A is a block diagram of a specific embodiment of a correlator
within the data processor of FIG. 5;

FIG. 7B is a block diagram of a specific embodiment of a multiplier

30  that can perform complex despreading;

FIG. 7C is a diagram that illustrates linear interpolation;

FIG. 7D is a block diagram of a specific embodiment of an interpolator;

FIG. 8A is a block diagram of a specific embodiment of a symbol
demodulator and combiner within the data processor of FIG. 5;

35 FIG. 8B is a block diagram of a specific embodiment of a fast
Hadamard transform (FHT) element;

FIG. 8C is a block diagram of a specific embodiment of a pilot

demodulator;
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I's a block diagram of a specific enbodinent of a mcro- contro r“that can

be used to control the operation of the elenents of the 5 receiver unit;
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sanpl es, by the data processor for tine offsets of zero and 1.5,
respech vely. DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS 10 FIG 1

is a sinplifiedFbGotKs di Agipificd bsckediageanesf aff edbedihanelof MeOSREMNG for

data t 1 SSi i cat.i t 100. At a tran tter unit
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upconvb? t edataotoggerarateebaseband isigreds.sThe dlasetatd signalsars then gatovidedino
a transmitter (TMTR) 116, quadrature modulated, filtered, amplified, and
upconverted to generate a modulated signal that is transmitted via an
antenna 118 to one or more receiver units.
At a receiver unit 130, the transmitted signal is received by an
20 antenna 132 and provided to a receiver (RCVR) 134. Within receiver 134,
the received signal is amplified, filtered, downconverted, quadrature
demodulated to baseband, and digitized to provide inphase (I) and
quadrature (Q) samples. The samples are provided to a receive (RX) data
processor 136 and decoded and processed to recover the transmitted data.
25 The decoding and processing at receiver unit 130 are performed in a manner
complementary to the encoding and processing performed at transmitter
unit 110. The recovered data is then provided to a data sink 138.
The signal processing described above supports transmissions of
packet data, messaging, voice, video, and other types of communication in
30  one direction. A bi-directional communications system supports two-way
data transmission. However, the signal processing for the other direction is
not shown in FIG. 1 for simplicity.
Communications system 100 can be a code division multiple access (CDMA)
system or other multiple access communications system that supports voice and data
35 communication between users over a terrestrial link. The use of CDMA techniques in a
multiple access communications system is disclosed in U.S. Patent No. 4,901,307, entitled
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING
SATELLITE OR TERRESTRIAL REPEATERS," and U.S. Patent No. 5,103,459, entitled

"SYSTEM AND METHOD FOR GENERATING WAVEFORMS IN A CDMA



antenna 118 to one or nore receiver units. At a receiver unit Cljgg %Q@S
transmtted signal is received by an 20 antenna 132 and provi M

receiver (RCVR) 134. Wthin receiver 134, the received signal is anplified,
filtered, downconverted, quadrature denodul ated to baseband, and digitized
to provide inphase (1) and quadrature (Q sanples. The sanples are provided
to a receive (RX) data processor 136 and decoded and processed to recover
the transnmitted data. 25 The decodi ng and processing at receiver unit 130
are perfornmed in a manner conplenmentary to the encoding and processing
performed at transmitter unit 110. The recovered data is then provided to a
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proposed and adopted for use.

FIG. 2 is a block diagram of a specific embodiment of a receiver unit 200

20  suitable for receiving and processing a modulated signal. Receiver unit 200 is a
specific embodiment of receiver unit 130 in FIG. 1. The modulated signal is
received by an antenna 212 and provided to a front-end unit 214. Within front-end
unit 214, the received signal is amplified, filtered, frequency downconverted, and
quadrature demodulated to provide baseband signals. The baseband signals are then

25  digitized by one or more analog-to-digital converters (ADCs) with a sampling clock
SCLK to generate inphase (Iapc) and quadrature (Qapc) samples that are provided
to a data interface circuit 222. Front-end unit 214 and ADCs 216 may be
implemented within receiver 134 in FIG. 1.

Depending on the particular design of receiver unit 200, ADCs 216 may provide

30 I.pc and Qapc samples at a high sample rate and corresponding to signals received from
one or more antennas. Data interface circuit 222 may decimate (i.e., remove) unnecessary
samnples, arrange (i.¢., sort) samples corresponding to each antenna, and

- assemble the samples into words suitable for efficient storage to a buffer 224. In




i ncl udi n%vDocurrent Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25. 213,2§MY37@5TS
15 25. 21 NPWedEi8hafter referred to as the W CDVA st andar d) PCEHS0I{H43€19" TR- 45. 5
Physi cal Layer Standard for cdma2000 Spread Spectrum Systens” (hereinafter
referred to as the CDVA-2000 standard). New CDVA standards are continually
proposed and adopted for use. FIG 2 i s% block di agram of a specific

enbodi nent of a receiver unit 200 20 suitable for receiving and processing
a nodul ated signal. Receiver unit 200 is a specific enmbodi nent of receiver
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Data processor 230 typically includes a correlator, an accumulator, a

symbol demodulator (multiplier) and combiner, or a combination thereof,
depending on the particular design of the data processor. Data processor 230

25 performs many of the functions required to demodulate the received
samples. Data processor 230 can be designed to provide demodulated
symbols directly to decoder 260 for decoding and processed signaling data to
controller 240 for further processing. Such processed signaling data may
include, for example, accumulations of the pilot reference and data rate

30 control (DRC) symbols for the reverse link processing, and power control
symbols for the forward link processing.

Controller 240 can be designed to perform various functions such as,
for example, the pilot filtering, finger lock detection, time tracking for each
signal instance being processed, finger time offset maintenance, frequency

35 tracking (for a forward link processing by a remote terminal), or a
combination thereof. Controller 240 further directs the operation of data
processor 230 and buffer/de-interleaver 234 to achieve the desired functions.




provi de the synmbol to a decoder 260. Data processor 230 may al so D6 MAY AR5
processed signhaling data directly to controller 240. Decoder 260 decodes the
denodul at ed synbols in accordance with a decodi ng schene that is 20
conplementary to the encoding schene used at the transmitter unit and

provi des decoded data to a data sink 262. Data processor 230 typically
includes a correlator, an accunul atof®, a synbol denodul ator (rmultiplier)
and conbi ner, or a conbi nati on t hereof, depending on the particular design
of the data prbceusodesigst a micwceoyelerZl) prpudedindiresithe eperald f uncti ons
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support ed.
oscillator or some other type of oscillator. The real-time clock counters are
triggered by the master clock signal and generate clock signals having lower
frequencies but synchronous to the master clock signal. Such clock signals include
25  the ADC sampling clock SCLK, the data processor clock PCLK, the clocks for

address generators 220 and 236, and so on. In a specific embodiment, the sample

clock SCLK is derived from the master clock signal and has a frequency that is

closely related to (but not necessarily phased locked to) the chip rate of the received
signal.
30 In an embodiment, address generator 220 includes a data write address
generator that generates the data write address DW_ADDRESS and a data read address
generator that generates a data read address DR_ADDR. Address generator 220 may
further include address generators for other data (PN sequences) that may also be stored in
buffer 224. In an embodiment, address generator 236 includes a symbol write

35
address generator that generates the symbol write address SW_ADDRESS and a symbol
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A clock generator 218 generates the sanpling clock SCLK for ADCs 226 MAYrfa0"
ot her cl o&kanfisrssot her el enents within receiver unit 200. poTaseERpdi nent,
cl ock generator 218 includes a free-running clock source that generates a
master clock signal and one or nore real-tine clock counters (and/or phase
| ocked | oop) 20 that generate other clogk signals used by the elenents
within receiver unit 200. The free-running clock source can be inplenented
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received data and to ggovide denodul ated synbols directly to decoder 260.

Cont r ol | er %#°08M SUHESs be relieved of the intensive data processing (e.g.,
dot prf@duct conputation), which typically equates to the

Second, data processor 230 and controller 240 can each be operated
with a clock signal that may be asynchronous to, and is typically much faster
than, the sample rate of the samples stored in buffer 224. For example, the
sample rate may be selected to be twice the chip rate of the received signal

25 (i.e., £, = 24 Msps) and the clock signal PCLK may be selected to be more
than an order of magnitude faster than the sample rate {(e.g., frox > 50 MHz).
If data processor 230 and controller 240 are used at a user terminal, the faster
clock signals allow for processing of more instances of the received signal.
In this case, data processor 230 and controller 240 can be used to instantiate

30  and support more fingers of a rake receiver with no additional increase in
circuit complexity. And if data processor 230 and controller 240 are used at a
base station, the faster clock signals allow for processing of the received
signals from a greater number of users and/or more instances of the
received signals.

35 Third, data processor 230 and controller 240 can each be designed to
process data based on programmable parameter values. For example, the
number of samples to be accumulated during a search operation may be
selected by controller 240 and provided to data processor 230. As another
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task on ant% t 6%f74 3? crcmafter rélferrct? to as the high data rate (HDR) CDMA
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FIG. 3 is a diagram of a data frame format for the forward link transmission in
25 accordance with the HDR CDMA system. On the forward link, traffic data, pilot reference,
and signaling data are time division mulitiplexed in a frame and transmitted from a base
station to a particular user terminal. Each frame covers a time unit referred to as a slot (e.g.,
1.67 for a particular design of the HDR system). Each slot includes traffic data fields 302a,
302b, and 302c, pilot reference fields 304a and 304b, and signaling data i.e., overhead (OH)

30
fields 306a and 306b. Traffic data fields 302 and pilot reference fields 304 are used to send
traffic data and pilot reference, respectively. Signaling data fields 306 are used to send
signaling information such as, for example, forward link activity (FAC) indicators, reverse
Iink busy indicators, reverse link power control commands, and so on. The FAC indicators
35 ‘
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processing el enents required for that task are enabled and the rendbMA§or
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reach 5158\%% t Aigntizddandandl| Qectsamplas fremi Hye reesdver &red nal s
to |ncreas r@&hd@ﬂcﬂo&élﬁﬁrﬁﬁ&ldf daﬂé“&éﬁi‘e‘laﬂ@@:y\@m f(&ﬂ%@%@h@%}cﬁm Md;hz;tfbff HDR

CDI\/Asyste I tra SSI n, ]2 traffic'data.is covere th_Wal sh
codes corrglbﬂglﬁ gther; pheppmeng, 2 transenite |61r$na£nd t he

power contrrmly dahahf@rr@aMrusmﬁt tvﬁlamrﬂaltl lleS SERVET pdth/y t hFoheinVBtshed ode
assigned t ‘I;fog%us eL L&l m.nal . The. p a@ (grenc ﬁi\‘/ ed tr a% fic,  and
power cont & &% R8N L S \bf’tW’& & wh FefARAR YelRience
gener ailed pyocess tinpliypleg (4rd ssdmrgesﬂl\lins$mmdoﬁghe epaeiveds sgsai.gnEdrto the
particul arcéﬂ@&?ﬁ%ﬁﬁﬂ r&s&%?% ﬁﬁﬁ'ﬁ:ie?noy\'idta?a correlators 410 are provided, with
each data correlator 410 commonly referred to as a finger of a rake receiver.
Each data correlator 410 can be assigned to process a particular instance of the
received signal.

25 Within data correlator 410, the I, and Q,;,. samples are provided to a
complex multiplier 412 that also receives a complex PN despreading
sequence from multipliers 414a and 414b. The complex PN despreading
sequence is generated by multiplying the short PNI and PNQ sequences
corresponding to the base station from which the signal is received with the

30  long PN sequence assigned to receiver unit 400. The PN sequences have
time offsets corresponding to the particular signal instance being processed
by data correlator 410.

Multiplier 412 performs a complex multiply of the complex I, and
Qupc samples with the complex PN despreading sequence and provides

35  complex despread Iy and Qp,, samples to Walsh decover elements 422 and
442. The despread Iy samples are also provided to a Walsh decover
element 432.
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data symbols from symbol accumulator 424 with the pilot symbols from pilot filter

20 436 and provides demodulated data symbols to a symbol combiner 450. Coherent

demodulation is achieved by performing a dot product and a cross product of the

decovered data symbols with the pilot symbols, as described below. The dot and

cross products effectively perform a phase demodulation of the data and further

scale the resultant output by the relative strength of the recovered pilot. The scaling

25  with the pilots effectively weighs the contributions from different instances of the

received signal in accordance with the quality of the received signal instances for

efficient combining. The dot and cross products thus perform the dual role of phase
projection and signal weighting that are characteristics of a coherent rake receiver.

Symbol combiner 450 receives the demodulated data symbols from each

30 assigned data correlator 410, coberently combines the symbols, and provides

recovered data symbols to a de-interleaver 452. De-interleaver 452 reorders the

symbols in a manner complementary to that performed at the base station. The data

symbols from de-interleaver 452 are then decoded by a decoder 460 and provided to

a data sink.
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FIG. 5 is a block diagram of a specific embodiment of data processor 230,
which is capable of processing data transmissions on the forward and reverse links
for various CDMA systems. For example, data processor 230 can be configured to
perform the signal processing utilizing a pilot reference for coherent demodulation
for a forward link data transmission in the HDR CDMA system, as described above

25 inFIG. 4.

Referring back to FIG. 2, the Iapc and Qapc samples from ADCs 216 are
formatted by input data interface 222 and stored to buffer 224. In an embodiment,
buffer 224 is implemented as a circular, two-dimensional buffer having a size that is
selected based on a number of factors such as, for example, the input sample rate, the

30  resolution of the input samples, the output sample rate, and so on. Buffer 224 js
designed with the capability to store data samples received over a particular time
period (e.g., two frames of samples, or some other period). The time period is
selected to be large enough to allow for the collection of a sufficient amount of data

for all signal paths to be processed, but short enough to prevent the writing of new
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The patents are assigned to the assignee of the present invention and
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As a word tgg mﬂglﬁara(\fﬁmggaﬁdm Jor \s’\ifrsltetnll A tth artlchar (t%rwé.rd or reverse link)

data transmission being supported.

25 Buffer/de-interleaver 234 provides storage for the processed symbols from
data processor 230. As a symbol is processed by data processor 230 and becomes
available for wnting to buffer/de-interleaver 234, a symbol write address generator
542a generates a symbol write address SW_ADDR cormresponding to the proper
location in buffer/de-interleaver 234. The processed symbol is then written to

30  buffer/de-interleaver 234 to the location indicated by the generated symbol write
address. Thereafter, the stored symbols may be provided back to data processor
230 for further processing (e.g., accumulation with the processed symbols for
another signal instance). Buffer/de-interleaver 234 thus stores the results of the
pilot demodulation for the first signal instance, and further stores the results of the

35  accumulation of the pilot demodulation for subsequent signal instances.
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e oL A on o s Sty b
multiple signal instances, symbol accurmnulation for repeated symbols in a
packet, or a combination thereof. For decovering, symbol demodulator and
combiner 524 receives the despread samples from correlator 522 and

25  performs decovering with a set of Walsh symbols. In an embodiment, the
length of the Walsh symbols is programmable and can be selected as 1, 2, 4,
8, 16, or some other length (e.g., 32, 64, 128, and so on).
For coherent demodulation, symbol demodulator and combiner 524
receives and coherently demodulates the decovered data symbols with the
30 recovered pilot symbols to generate demodulated symbols that are stored to
buffer/de-interleaver 234. For symbol combining, symbol demodulator and
combiner 524 receives and combines demodulated symbols corresponding to
various signal instances to generate recovered symbols that are stored back
to buffer/de-interleaver 234. Symbol demodulator and combiner 524 can
35 thus perform the functions performed by data correlator 410 and symbol
accumulator 450 in FIG. 4. |
Buffer/de-interleaver 234 stores the intermediate and final results of
the symbol accumulation. The processed symbols from symbol




addresses to achieve the desired synbol de-interleaving. The de-i ni] rM ?Wﬂgd
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enbodi ment shown in FIG 5, the | and Q sanples from buffer.,224.:
provi dedwooasess rel ator 522 within data processor 230. Cg’FrTﬁi%gyg#% 22

further receives the 10 conplex PN despreadi ng sequence, which may al so be
stored in buffer 224 or generated by a IgN generator (not shown in FIG 5).
For traffic data processing, correl atorl 522 despreads the |I and Q sanpl es

with the conpl ex, PN despreadi.n uence.. ' hes.
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orrel ator 2 and 25
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| engt h of the .\l sh | s programmabl e and can be selected as 1, 2, 4,
8, 16, or B g\g‘flﬁgrd%g%%t%d(e.g., 32, 64, 128, and so on). For coherent

derodulgat i on, spghednaAgsBsbatasing brenbisa2carBR4onfigrel walssprd teoh@ent | y

denodul ates the decovered data synbols with the 30 .reco ' ynbol s
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234. For S%Hggéu CONRI PN - SHIRRK 5806 A BE 8b@Tzuaddo deondrithedesh2dd sapgdisves and
conbi nes dénmddur at e synbol s corresponding to various signal instances to
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234. Synbol denodul af or. an iner GaBnc3SetibiS aR@r f or m theviftumet i ons
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synbol accumul ation., The processed, s ol r 6 ; 200b theVWO
02/ 45288 Pt/ 198HEIE44e PT8de Rt & resaﬁﬁf ctg:%?r%ﬁg?&g%ionér]%ci tten to

buf f er/ de- i plefleli @RYEI at 28dord timel oBf3exk, a0 idsscribetieldw.ed by a synbol write address
generator 542a within address generator 236. Stored synbols are retrieved
frombuffer/de-interleaver 234

20 In an embodiment, controller 240 processes the pilot symbols from
accumulator 526 and generates the recovered pilot that is used for coherent
demodulation of the data symbols. In cther embodiments, a pilot processor
can be implemented within data processor 230 to filter the pilot symbols and
generate the recovered pilot. Other designs to process the pilot reference can

25  also be contemplated and are within scope of the invention.

In the embodiment shown in FIG. 5, a data bus 510 interconnects
various elements of receiver unit 200, such as address generator 220, data
processor 230, micro-controller 232, and controller 240. Data bus 510
supports efficient transfer of data and other information between the

30 elements coupled to the data bus. For example, data bus 510 can be used by
controller 240 to dispatch tasks to micro-controller 232 and to send processed
pilot symbols to data processor 230. Other mechanisms to interconnect the
elements of receiver unit 200 can also be contemplated and are within the
scope of the invention. .

35 FIG. 6A is a diagram illustrating the writing and reading of data
samples to and from buffer 224. In a typical digital comumunications ‘syster.n,
data is partitioned and processed in packets that are then transmitted in

frames of a particular time duration. For example, in the HDR CDMA
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ﬂ]e writi ngbgﬁtgr'readi ng of data sanples to and frombuffer 224. In a

; : - it in
ACker' & DO ARDBReT bt A L e LT S paBd Ud AN ARERE PG,
For exanpl e, .Th _tIEe &ﬁtﬁ%ﬁf}g %0 gﬁivﬂ?“z@@él alple @?@5‘@88’1 @ffﬂngi#/ 4863 19
embodiment, samples are written to buffer 224 is sequential locations and .
20 the data write address DW_ADDR is incremented after each wrrite
operation. In an embodiment, buffer 224 is implemented as a circular buffer
that wraps around. By selecting the size of buffer 224 to be a power of 2, a
binary counter can be used to provide the required write (or read) address.
This counter naturally wraps around and resets to zero when the end of
25 buffer 224 is encountered.
After a sufficient number of samples have been stored to buffer 224, a
particular segment of samples can be retrieved from the buffer and
processed. The segment can include data samples for an entire packet or a
portion of a packet. In a specific embodiment, each segment of data samples
30 corresponds to a separate pilot reference, and the size of the segment is
limited by the duration of time in which the channel is coherent over the
pilot reference. In an embodiment, as part of the pilot processing within
controller 240, a pilot vector corresponding to the pilot reference is phase
rotated according to a frequency error estimate to generate pilot estimates
35  that are then provided to data processor 230 for the pilot demodulation.
Controller 240 thus samples the pilot reference at the beginning of a
segment and uses this pilot reference to generate pilot estimates for the
duration of the segment. The phase error in the pilot estimates accumulates



system data is transmtted in packets, with each packet being trzlgsfmtzh%dR
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enbodi ment, the received sanples are witten to buffer 224 starting at a
desi gnat ed address, which may be arbitrarily selected (e.g., an address of
zero, as shown in FIG 6A). In an enbodrent, a data wite address pointer
is initialized to the designated address upon the occurregn_Eeisgof.a reset
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20 samples used for despreading the received samples are computed by a PN
generator and stored to a portion of buffer 224. Again, the PN samples can
be stored starting at the designated address. Thereafter, a segment of PN
samples can be retrieved from buffer 224 and used to despread a
corresponding segment of data samples.

25 A PN write address generator is used to generate the PN write address
PW_ADDR that points to the next available location in buffer 224, and a PN
read address generator is used to generate the PN read address PR_ADDR
for reading a segment of PN samples. For each data segment to be processed
that requires PN samples, the PN read address generator is loaded with the

30  address of the first PN sample in the segment. The PN write and read
address generators are each appropriately incremented after each PN write
or read operation.

The number of PN samples to store in buffer 224 can be based on a
number of factors and can be matched to the number of data samples being

35 stored. For example, two slots of PN samples can be stored for two slots of
data samples. The number of PN samples to store may also be dependent
on, for example, the size of buffer 224, the amount of multipath deskew to

be supported, and so on.
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2 6 MAY 20005 02/¥¥2s82/ 45288 PCT/ USO /43619 20 across the Ierﬂﬁth%fmsoq@

segnent, and thus the segnent length is [imted to reduce e anount of
accunul ated phase error in the pilot estimates. This design avoids a need
for a dedicated conplex chip rate nultiptjer to rotate the sanples

t hensel ves, which can increase the conplexity of the data 5 processor.
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- and provides the selected address to buffer 224.

20 Each latch 514 stores a value indicative of the first address to be
generated by address generator 512 for the segment to be processed. For
example, to read a particular segment of data samples from buffer 224, the
address of the first data sample in the segment is provided to latch 514b at
the appropriate time. Data read address generator 512b loads the value

25  stored in latch 514b and uses this value as the starting address. Subsequent
data read addresses can be generated, for example, by incrementing a counter
within data read address generator 512b.

As described above, the data samples can be stored to buffer 224
. starting at an arbitrarily designated buffer location (e.g., zero). Also, buffer

30 224 is designed with the capacity to hold a particular number of samples. In
an embodiment, buffer 224 has a size that is a power of two. A binary
counter can then be used to generate the write (or read) address for buffer
224. The binary counter naturally wraps around to zero when the end of the
buffer is reached.

35 In an embodiment, since data samples are written to buffer 224 in
sequential order, data write address generator 512a can also be used as the
sample counter that counts the number of samples stored to buffer 224, The
data write address from address generator 512a is provided to a comparator
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a bl ock diagram of a specific enbodi ment2 of the data buffering for the
recei ver design shown in FIGS. 2 and 5. %he | ADC and QADC sanples fromthe
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buffer | ocghhesr fife frultip&IP LorrebSOndingldothe correlation peak. The time offset
corresponding to the assigned multipath is then determined and used to
20  generate the address for reading samples from buffer 224.
In an embodiment, each state machine 630 includes a time tracking
loop 634 that tracks the movement of the multipath. The time tracking can
be achieved by processing samples (e.g., corresponding to the pilot reference)
at +1/2 and -1/2 chip offsets, determining the difference in the pilot
25 accumulations at the +1/2 and -1/2 chip offsets, and filtering the difference
value to generate a correction factor. Thus, as the multipath moves over
time, time tracking loop 634 determines the amount of movement and
updates the time offset with the correction factor accordingly. The time
offset is provided to a data/PN address calculation unit 636 and used to
30 compute the starting address of each data segment to be processed. The
computed starting address is then provided to latch 514b via data bus 510 at
the appropriate time.

As noted above, the samples are stored to buffer 224 starting at a designated
location in memory at an arbitrary point in time. As a result, the starting samples for each
signal instance being processed can correspond to any location in buffer 224. In an
embodiment, the time tracking loop 634 is used to determine the starting location of the

received data packet for each signal instance being processed. The time tracking loop 634
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FIG. 6C also shows a block diagram of a specific embodiment of
address generator 236 used to generate the addresses for buffer/de-
interleaver 234. Address generator 236 includes symbol write address
generator 542a and symbol read address generator 542b coupled to latches
25 >44aand 544D, respectively. Address generators 542a and 542b further couple
to a multiplexer 546 that selects the generated address from one of address
generators 542a and 542b and provides the selected address to buffer/de-
interleaver 234.
Each latch 544 stores a value indicative of the first address to be
30  generated by address generator 542 for the segment being processed. The
initial values provided to latches 544 are generally related to the values
provided to latches 514, but are provided in a manner to account for various
factors such as, for example, the processing delay of data processor 230.
Symbol read address generator 542a loads the value stored in latch 544a and
35 uses the loaded value as the starting address. Subsequent symbol read
addresses can be generated, for example, by incrementing a counter within
symbol read address generator 542a.
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effectively spread a string of symbols received in error over an entire frame, which can
improve the likelihood of correct decoding of the received symbols. The interleaving is
performed at the transmitter unit such that temporal diversity is achieved prior to the

decoding at the receiver unit.

25 In an embodiment, buffer/de-interleaver 234 is also operated to provide de-
mterleaving of the processed symbols. In an embodiment, the processed symbols are
wrilten to buffer/de-interleaver 234 in sequential order but are read out in a pseudo-
random but deterministic order defined by the particular interleaving scheme being

30 implemented.  Because the symbols are read out in non-sequential order, buffer/de-

interleaver 234 is first filled with the symbols corresponding to the duration over which
interleaving is performed. For example, in the HDR CDMA system, interleaving is
performed on each frame of data. Thus, at the receiver unit, a complete frame of symbols is
processed and stored to buffer/de-interieaver 234.  After the entire frame has been
processed, the symbols for the frame are read out to the subsequent decoder. In an
embodiment, data processing is performed on one frame of data at a time. In this manner,

as the current frame is being processed and stored to one section of buffer/de-interleaver
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effect.,lovel s read r| n recei ve I'n ée
f r ame 2Onhi ns can be imp emented for correlator 522 and these are within the

scope of the invention.

In an embodiment, for each data read cydle, four pairs of digitized I,
and Q,p,c samples (i.e., four complex data samples) are retrieved from buffer
224 and latched by latches 712a through 712d. On the next data read cycle,

25  the samples from latches 712a through 712d are further latched by latches
714a through 714d, respectively, and the next four pairs of digitized 1, and
Q,pc samples are latched by latches 712a through 712d. In an embodiment,
two data samples are provided for each chip period (i.e., doubled sampled)
and the double latching by latches 712 and 714 allows for processing of either
30  the on-time (OT) sample or the late (LT) sample of each chip.

Multiplexers 716a through 716d receive the latched samples from
latches 712a through 712d, respectively, and the latched samples from
latches 714a through 714d, respectively. Each multiplexer 716 provides one
of the received samples, depending on whether the processing is to be

35 performed on the on-time or late sample, to a respective AND gate 718.
AND gates 718a and 718b aso receive the control signal ZERQ_0, and AND
gates 718c and 718d also receive the control signal ZERO_1. Each AND gate
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can be desiHfReaTWIgHEPHIEEPERAING t0 two chups wo be concurrently
processed for each cycle of the processing clock. As shown in FIG. 7A,

20  multipliers 720a and 720b perform despreading of two complex data samples
(e.g., the on-time and late samples) corresponding to chip index n, and
multipliers 720c and 720d perform despreading of two complex data samples
corresponding to chip index n+1. Barrel shift register 736 provides the IPN
and QPN samples corresponding to chip index n to multipliers 720a and

25 720b, and the IPN and QPN samples corresponding to chip index n+l to
multipliers 720c and 720d.

Each multiplier 720 performs a complex despread of the complex data
samples with the complex PN samples. In the HDR CDMA system, at the
transmitter unit, the complex data to be transmitted is spread with the

30  complex PN sequence. The complex spreading can be expressed as:

Ipg +jOry = (IDAT+jQDAT)(IPN+jQPN) ) Eq (1)

At the receiver unit, the data can be recovered by performing the
complementary complex despreading, which can be expressed as:

Togs + jOpgs = (Lupc + Quoc ) UPN = JOPN)) Eq(2)
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scope of the invention. In an enbodi nent, for each data read cycle, four

pairs of digitized | ADC and QADC sanples (i.e., four conplex data sanples)
are retrieved frombuffer 224 and latclgd by |atches 712a through 712d. On
the next data read cycle, 25 the sanples fromlatches 712a through 712d are
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mul tipliers,720a .t hrou . In ci enmbodj ne e data sanpl es
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all ows for det e&tﬁ{eon of 15 strong instances of the received signal with
finer tine reso g1, bagk - HIG: 44 the despread Ines and Qpes samples from multipliers 720a

20 through 720d are selectively combined by summers 722a through 722d to generate a set of
combined Ic and Qc samples. Specifically, summer 722a combines the despread Ipgs samples
from multipliers 720a and 720¢ to generate the first combined Ic; sample corresponding to
the first half of a chip, summer 722b combines the despread Ipgs samples from multipliers

25 720b and 7204 to generate the second combined Ico sample corresponding to the second half

of a chip, summer 722¢ combines the despread Qpgs sarnples from multipliers 720a and 720c

to generate the first combined Qc; sample, and summer 722d combines the despread Qpgs
samples from multipliers 720b and 720d to generate the second combined Qc»
sample. Summers 722 can be used to combine half samples from different chips before the

30 interpolation, to simplify the design of the interpolator. AND gates 718 and the ZERO_0 and

ZERQ_] signals can be used to disable the summing of samples from two chips when this is

not applicable, such as in the forward link symbol demodulation where each chip may contain

a2 complex or higher order modulated symbol.

In the specific embodiment shown in FIG. 7A, correlator 522 includes
an interpolator 730 that can be configured to generate sample values at
various time offsets. For example, if two complex data samples are provided
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factor of four, the amplitudes of the samples at time offsets of 0.0, 0.25, 0.50,
0.75, and 1.0 can be expressed as 4A, 3A+B, 2A+2B, A+3B, and 4B,
20 respectively.
FIG. 7D is a block diagram of a specific embodiment of interpolator
730. In this embodiment, interpolator 730 is implemented as a linear
interpolator capable of providing interpolated samples at three different
time offsets (e.g., 0.25, 0.50, and 0.75). Interpolator 730 is also designed with
25 the capability to (1) provide zero value outputs, (2) feed through the
received samples, (3) provide interpolated samples, or a combination
thereof.
The combined I, 1., Q. and Q. symbols from summers 722a
through 722d are provided to scaling elements 770a through 770d,
30  respectively. Within each scaling element 770, the sample is provided to an
X1 input of a multiplexer 772, an input of a times-two element 774, and an
input of a summer 776. Times-two element 774 scales the received sample
by a factor of two and provides the scaled output to an X2 input of
multiplexer 772 and to the other input of summer 776. Summer 776 sums
35 the input sample and the X2 scaled sample and provides the summed
output to an X3 input of multiplexer 772. Multiplexer 772 also receives a
zero ("0") at its X0 input. Multiplexer 772 than selects a sample at one of its



control signal ZERO x and provides either the received sanple or t I
"Q" based“’grp?-ﬂh%?wcontrol signal ZERO x. The outputs of ANDPgMB&]!-F.gEﬁ@rmﬁ
768b conprise the conpl ex despread | DESand QDES sanple. Referring back to
FIG 7A, the despread IDES and QDES sanples frommultipliers 720a 20
through 720d are sel ectively conbined by9sunmers 722a through 722d to
generate a.set, o conbi ned | c_and ?c sampl es. Specifically, sumer 722a
conbi nes t %Pﬂﬁséﬁ%egﬁonntso@aﬁbﬁ@a fQBRSEL angiprevider2the salertd@Gantpde

gener at e t he aflhtdt7sponbi ned 1 C1 sanple corresponding to the first half of a
chi p, sumrer 722b conbi nes &é\e despread | DES s % es frommultipliers 25
720b and 720d t &yehewa d £ plsiments| Cllasamep| 7F0k aire eopdigtired t o

the secondihal if':om lerfeRbirh ,n%iﬁq@r a?@@ca‘lﬁg)'eﬁﬁﬁ?ﬁﬂe 9&5 | ne8%§ asl%ml es

frommult |p|1|2§rs Oa and 7 to genera ITst co
and su AeOTR %ﬂf}éa@ﬁms Feraapagtictlagrtimal affset |oét0525720b

and 720d tosoeaewae(atsh@(p&egs@adbo}e%@'c%@m@c SPORIETSU e LAL2 2o, b

used to co ferent |ps be
i nt er pol at O% besitAPPE %“-‘ hrdS PEEVigiedofroph acal M@ eleanentot’0aAnpatedt 2802718 and

the ZERO OanddtheZFRRd gnabe. cap e, ysssedtrel,Sad! f‘ro Lf?a;pnngcﬂﬁ $%trrpl es
Synbol | dentieiet bﬁsﬁéﬁ@i%@o ?%ﬁ%fc?%so o e el it e
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r5r12)c21ul al(;éddpycmmlled tafa bﬂn”lcd‘n? 2820 ghdﬁch?rﬁa réemroﬁ?@amahémgo&nci %ch‘afé el alt or
i nclu al at or a configured.to generate sanple

val ues at ﬁ garll ggst% THPEE Ség Igg}e Qﬁﬁﬁ‘ﬂi gmmfsuc 2%%99%%’&995 Hhl es
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i e., e e perio a ip
|nterpol atorgf;lxg éaet%g i eg ?@g ]%F\éz}g)tlaet\é@n gqsa & L5 a?%tz arﬂéf t| me
of f sets suéfbaare pepvisednps she GCOI%EIEFI I}_DJ\ZW@, Qoﬁﬁﬁfq)k@fﬁﬁﬁ-rcorr@lawﬂ' c,

0. 875T dent 5
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f or exarrpF‘éerR afe ﬂprlfe}ats rhubitri SoatnQabt hamd ey sanpriesy sespleatively. t han t he

sanpl e period (ntgrpolhtder30han Be Disorated G &Qeléf a Hi:ﬁﬂ{
illustrates linear. F|’nt er ol ati on eAs-E;ésraown [ @ égmggnih@#feerg?t sanpl e

i ndex (n) Y& §K2RPAed 28 hBOterh elrﬁ@rnq{étogu%@q@aémb%arrpl e
i ndex (n+l Jorfasured mﬂmerbuﬁi.et e B}utﬁh@s sfued ehRfld 1:Pdchle5 ré@iﬁﬁi |

Ieg, @
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0. 25, 0.50valoe?s,thend0 supuh of Boultipleas 772 is selected to zero out the output,
and the sample at the X1 input is selected to feed through the received
samples. And to perform interpolation, the X1, X2, or X3 value is selected by
one multiplexer 772 and the complementary X3, X2, or X1 value is selected
25 by the other multiplexer 772 in the complementary pair.
In an embodiment and as noted above, two data samples are provided
for each chip period and processed (e.g., despread) by correlator 522. The two
samples for each chip can be combined within interpolator 730 to provide a
single despread sample for each chip period. To combine the I samples for
30 each chip, the samples at the X1 inputs of the multiplexers for scaling
elements 770a and 770b are selected and summed by summer 782a to
provide the combined I sample. Similarly, to combine the Q samples for
each chip period, the samples at the X1 inputs of the multiplexers for scaling
elements 770c and 770d are selected and summed by summer 782b to
35 provide the combined Q sample.
In the HDR CDMA system, the transmitted traffic data is partitioned into a number of

data streams, and each data stream is covered by a particular Walsh code. As defined by the



i nterpol ati on, the anplitude of the sanple at tinme offset of 0.25 can bg éLS
estimated as 0. 75A + 0.25B, the anplitude of the sanple at tine of ¥ 6 MAY ty
0.50 canygeophigmted as 0.50A + 0.50B, and the anplitude | e at
time offset 0?4%. 75 can be estimated as 0.25A + 0. 75B. Bypgfgé #agfé the
sanples by a factor of four, the anplitudes of the sanples at tine offsets
of 0.0, 0.25, 0.50, 0.75, and 1.0 can bgpexpressed as 4A, 3A+B, 2A+2B,
A+3B, and 4B, 20 respectively. FIG 7D is a block diagramof a specific
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2t mea. t o Bl GheRe T3 A5t & Wil A8l e Hhui Al BN EKT o hE ey WBELL
774 scal es tbdegusk ereirow dosdifineetvipgn arthaoharseqfentasts @dedllyrzom. des t he scal ed
output to an X2 input of rmultiplexer 772 and to the other input of sumrer

776. Sunmer 776 35 t | B s%npl d : S I n

provid t he surrFr?Irt\;:;irzlné Aolgtapltl)}t(8 Cl{ g&g}% H%ﬁ? Qo@%%%“ﬁ?%%@r%gy?%%ﬁﬁf@f %F%xer
772 al r ecenbires 524 wrtbinodafd' Fodesatr 28G.sPAB dfrpiitlate/drbpled fexe corfel2ot $iPrare

sel ects a sanpl,e, at one of its 2{ 45288 PCT/usutu. f Y 1005 . 29 inputs,
based on a CORERLE o BRaftr celet R2d bt SREGvcirc Ly vt ehealigret (e o

| atch 780. WalsBheyhbdif & | frovidddesSaled ngmbbBNEmhs déddareanghty’ €XAbEE @nd the
configured in_a conplepentary manner, and scaling el enments 770c and 770d

are al so SCOpHFY Rjift eymbols arcglppehion it dﬁﬁlﬁﬂ@?@?&%} that epberepdyil ar ti ne

of fset of Odefmdufdie?Qne Qhta Qvi%th@%ﬁlo@&p@m dBNodlifed YHEMN. THho MRhoddRIET) |
the vallde of 3IC1, 2ICl1 or IICl, reSpecti velg/, is provided fromscaling
el ement 770%mbgls| 3¢ denmaomded wrigsomel vequinalaer §702andomastie enmigpawith other
respectivel | ' ' t h .7 .

anpl o 1 o ARRU VS roRE BTl e T ok o el S ouE
and t he sanfiresymbomdcanulaws 878Qomansts T8O droaeseed pymuholsdehdt $re thers promged 782b.

The output {1 A HITRGver 958 (2ORRS spes the
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Symbol demodulator and combiner 524 can be designed to operate on
a number of samples (e.g., four, eight, sixteen, and so on) per clock cycle.
The number of samples that can be processed concurrently by symbol
demodulator and combiner 524 is typically dependent on a number of
25  factors such as, for example, the rate at which the samples can be provided to

symbol demodulator and combiner 524, the width of the elements within
symbol demodulator and combiner 524, and so on.

FIG. 8B is a block diagram of a specific embodiment of a fast
Hadamard transform (FHT) element that can be used to implement decover

30 element 820. In an embodiment, the correlated I.o; and Qg samples are
serially and alternately provided to FHT element 820, one sample per clock
cycle. In an embodiment, FHT element 820 is designed with the capability to
perform Walsh decover of the received samples with one or more Walsh
symbols of length N, where N is programmable.

35 FHT element 820 can be designed to operate in one of a number of
different configurations. For example, FHT element 820 can be configured
to decover the input samples with a particular Walsh symbol of a particular
length N. In this configuration, FHT element 820 receives a block of N I g




i nterpolated | sanple, and the output from sumer 782b conprises t'lhﬁ AY
i nt er pol atgg o584l e. The interpol ated sanples from sumers 782a ‘a gl %Ugféb
are provided as the correlated 1 COR and Qcor sanples from d&EY Y 15 522
The out puts from | atches 780a through 780d al so conprise the (non-
interpolated) correlated I CORL, |COR2, QQOR1, and QCOR2 sanpl es,
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di fferent capiplgsaal NnO.. F&; 1€, thaSnOH; ab ,yi nt ot . 730 can
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20 provi de A&t RE WachiRnhadsh grcayesingonathenecsived sanipe dlodhevithro

val ue at t hReX¥dartiRlr Walsh! dyrRbEKS leS ' rp_out jtAe
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si ngl e despvERassHithEashWalsheamtbot hinge fangdl. of Toclipeyibly nevettoe cdmrising tee Nf or 30

each chip, f.he . papl t | f the multiplexers for scaling
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the coftbi ndeechvesimgtith. alISV¥ Waldw | y, tymbolhis expedifipy £Qvanimeb@s fdrekam@aGh wehi p
period, th at the X .jinputs of the nultiplexers for scaling

el enents 7 cﬁﬁﬁfyé[eg‘r@ ¥ ’Icgrca?'@dm%ge gﬂ%ﬁ“t?"@dﬂ?@rth%% ¢hgnnedgo r ovi de
t he conbi nqdriusarph@al. | n the HDR CDVA system the transmitted traffic data
Is partitioned into a nunber of data streams, and each data streamis

covered by a pakgtigcul code. As.defii ned by the Y 2005 _ WO
02/ 45288 PCT/ US /%8?’8’@%{‘%}&3&&%3@&&5 PLAERSHAg) Q fg% o GReSonds t o
a respktt | sanpiess andylebulinimidenghe amengt hobofequired @rcdfirghFHT. elidnent

h | i b N ] he 16-chi p, Wl mbol
aoei gned ot pe CRARMERE fo TRt i ik i ettt ledcon afitalin ciogh o
symbol per F@es-uphisoalevyw sngley bl eleroentu 826 ¢o pBovisteadbidvered e and
transm tted ONsHAbol P thE KIRBHSES Sc AN %@ﬂ O?ln(AltCéMEn@galflcsrgle 6 Wal sh

synbol s are . cpt)ug nal t ne  another and, Y n the absence o rtion,
can be ind BHGE\? @DEF:esé’&@%ﬁéodeé?}’%%eﬁ‘?@céh%é?ﬂrtﬁﬁppndb@duﬁesxmbobr bgsa
corr el i osinighd wleR @icleoPNRUbSEAUETIOSCkSsifs 8t ¥ hERObe designed to
operate on the decovered I and Q. symbols as they are provided from
the FHT element 820, without having to wait for all I, symbols in the
block to be processed and then the Q. symbols to be processed. FHT
element 820 can.be configured to operate on alternating I.o; and Qgop
25  samples by properly managing the memory elements within FHT element
820.

FHT element 820 is a serial processing engine that receives samples
serially, one sample per clock cycle, and after a particular processing delay
provides a decovered symbol for each clock cycle. The decovered symbols

30  for a particular block of samples are delayed by a particular number of clock
cycles, with the delay being determined in part by the length of the Walsh
symbol. For each block of N data samples, FHT element 820 serially
provides N decovered symbols corresponding to the N Walsh symbols. The
decovered symbols from FHT element 820 are the correlations between the

35 input samples and the Walsh symbols.

A fast Hadamard transform element can perform decovering for
Walsh symbols of length N = 2" using L bufferfly transform elements. In the
specific embodiment shown in FIG. 8B, to decover 16-chip Walsh symbols,




FIG 8A is a block diagramof a specific enbodi nent of sy ‘3?
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of the present invention.

In the embodiment shown in FIG. 8B, FHT element §20 can be programmed
to perform a fast Hadamard Transform (i.e., decovering) of variable length {(e.g., 1,
2, 4, 8, or 16). The maximum FHT length supported by FHT element 820 is
25  determined by the number of bufferfly transform elements 830 employed, and
shorter length FHT can be performed by bypassing one or more bufferfly transform
elements 830. Longer length FHT can also be performed by employing additional
bufferfly transform elements 830.
In the embodiment shown in FIG. 8B, the Icor and Qcor samples are provided
30 to FHT element 820 on the same bus in alternating clock cycles. The time division
multiplexing 1s achieved by a Walsh counter (not shown in FIG. 8B) that is cleared
when the first correlated sample reaches the front of FHT element 820. The time
division multiplexing allows for sharing of the hardware such that FHT element 820
can perform decovering of both Icor and Qcor samples. In another embodiment, the
35  Icor and Qcor samples are provided in parallel to two FHT elements, with each FHT

element
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with all N Wal sh synbols. In this configuration, FHT el enent 820 p?”ﬁﬁm
. the equi vaweyjayshagnction of multiplying the N-by-N Hadamard matri x 6 05
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Decovering with all N Wal sh synbols is eSpecially advantageous, for exanple,
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in the HDR t LIk Whi C
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clock cycle. The decover ed=siotifh) )30; g,ggs(pgg?gticul ar block of sanples are
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det er m ned TH: B&hbd l e of th | sh synbol. For each block of N
data sanpl es, FHT epgaﬁé@n?m@z%‘%s@maﬂ’? Oﬁ@ﬁh‘?f’eﬁxmeé%bﬂ/%red synbol s
corresE)@ndi ng tg the @FVW‘FS S)g,rgj)ol s. The decovered synbols from FHT

c P56

el ement 820 are fHe cdfrél béfdeen the 35 input sanpl eSqpd the Wl sh
synbols. A fast Hadamard transform el enent can perform decovering for Wl sh

synbol s of | engt%halN= —Zbgcl%i-l-r@mmaqf ferfly transform el ement S@q& S t he
speci fic enbodi mrent shown in FIG 813, to decover 16-chip Wl 8 ynbol s, A
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R:.. h...a 6. 7¥Vghin demodulater 850, 2 decovered Inge and Qpy. symbols are

provided (e.g., on alternating cdock cycles) to latches 852a and 852c¢

respectively. The output from latch 852a is further latched by a latch 852b t(;

15 time-align the I, and Qpec symbols. The outputs from latches 852b and 852c¢

comprise complex data symbols. Similarly, the P, and P, pilot symbols are

latched by latches 854a and 854b, respectively. The outputs from latches 854a

and 854b are provided to each of multiplexers 856a and 856b. Each

multiplexer 856 selects either the P; or P, pilot symbol, depending on

20 whether a dot or cross product is being performed. The complex pilot

symbols from multiplexers 856a and 856b are provided to multipliers 860a

and 860b, respectively, which also receive the complex data symbols from

latches 852b and 852¢, respectively. Each multiplier 860 performs a multiply

of one component (i.e., 1. or Qpsc) of the complex data symbol with one

25  component (ie., P, or Po) of the complex pilot symbol and provides the
resultant product to a respective latch 862.

The output from latch 862a is provided to an exclusive-OR gate 864

that also receives a control signal CROSS. The output from latch 862b and

the output from exclusive-OR gate 864 are provided to a summer 866 that

30 sums the symbols and provides the summed outputs to symbol
accumulator 870.




FHT el enent 820 includes four bufferfly transformel enents 830a t?@@g@@ﬁ?w
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SHEET WO 0264pR8o2labcVBYA 28@5selects either the Iy or Qpgg symbols to prov1de to
20 an AND gate 878. AND gate 878 also receives a control signal FIRST, which
zeros out the output from AND gate 878 if no symbol accumulation is to be
performed. The output from AND gate 878 is provided to summer 872 and
summed with the received I, or Quey Symbol. The output from summer
872 comprises the accumulated (i.e., processed) Ippo 0r Qppo symbol that is
25  provided back to buffer/de-interleaver 234.
FIG. 9 is a block diagram of a specific embodiment of accumulator 526
within data processor 230, which can be used for processing traffic data, pilot
reference, and other signaling data. At the user terminal, accumulator 526
can be used to search for strong instances of the received signal, to recover
30 the pilot reference, to extract the power control bit, and so on. At the base
station, accumulator 526 can be used to perform the above functions and can
also be used to process for other signaling information such as, for example,
a data request (DRC) message.

In the specific embodiment shown in FIG. 9, the correlated Icor and Qcor samples

35

from correlator 522 are provided to a set of eight decover and accumulate elements 910a

through 910h. Different number of decover and accumulate elements 910 can be used and are
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Depending on the particular task being performed, multiplexer 922 provides either the
decovered samples from . exclusive-OR gate 912 or the correlated samples to
a summer 924. Summer 924 also recejves a previously latched sample from an AND
2p  8ate 926, sums the received samples, and provides the accumulated output to a first set of
registers 928a and 928b (coupled in series) and a second set of registers 930a and 930b (also
coupled in series). The latched output from latch 928b and a contro] signal FLUSH/ are
provided to the inputs of AND gate 926, which provides a value of zero to summer 924 if
the control signal FLUSH! is low and the latched output if the control signal FLUSH/ is high.

2
5 The latched output from latch 930b comprises the accumulated symbol, and is provided to

one input of 2 multiplexer 940.

Multiplexer 940 receives the accumulated symbols from all eight

decover and accumulate elements 910a through 910h and provides the

30 received symbols sequentially to a latch 942 that further couples to data bus

510. The accumulated symbols can then be retrieved from latch 942 by
controller 240.

As shown in FIG. 9, the correlated Icox and Q. samples are also

provided to a squarer 952 within decover and accumulate element 910b.

35 Squarer 952 squares the received samples and provides the squared samples

to one input of a multiplexer 954, which also receives the decovered

samples from exclusive-OR gate 912b. Multiplexer 954 then provides either

the squared samples or the decovered samples to multiplexer 922b,
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In certain embodiments of the invention, micro- controller 232 is provided to receive

tasks dispatched by controller 240 and to direct the operation of various elements of receiver
unit 200 to execute the dispatched tasks. Each task can be defined to include a series of steps
of operation or a number of other tasks. For example, a task may be dispatched to process a
particular multipath at a particular time offset, to search for a strong signal instance within a
particular time window, and so on. The search task may be achieved by directing correlator
522 and accumulator 526 to correlate a pilot signal over a particular time interval (e.g., 96
chips) at a specified PN offset. A task may also be dispatched to process all assigned
multipaths, to search for strong signal instances at multiple time offsets, and so on. In an
30  embodiment, micro-controller 232 instantiates an appropriate task state machine for each
received task and maintains the task state machine for the duration of the task. Depending

on the particular task being processed, micro-controller 232 may further instantiate one

or more additional task state machines for a lower hierarchical task. Micro-controller 232

may be configured to inform controller 240 when a particular task is completed.

35

The processing to be performed for search tasks, data processing tasks, signaling

processing tasks, and other tasks are described in further detail in the following patents and
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U.S. Patent No. 6,363,108, issued March 26, 2002 to Agrawal et al.

FIG. 10 is a block diégram of a specific embodiment of micro-controller 232 that can
be used to control the operation of the elements of receiver unit 200 (e.g., buffer 224 and data
processor 230). Micro-controller 232 includes a sequencing controller 1012 coupled

95 to a counter 1014 and to latches 1016a and 1016b. Counter 1014 and latch 1016a further

couple to latches 1016c and 10164, respectively, which further couple to data bus 510.

Latch 1016b stores the state of micro-controller 232, and can be integrated
within sequencing controller 1012. Latch 1016d receives from data bus 510 a word
descniptive of the task dispatched by controller 240. Latch 1016¢ receives from

30  data bus 510 one or more parameter values to be applied for the dispatched task.
Such parameter values may specify, for example, the time interval over which a
search function is to be performed. Durng execution of the task, counter 1014
counts down the designated time interval and provides to sequencing controller
1012 a signal indicative of the end of the time interval.

P Y L. Yl o al Bl ae



sanpl es from exclusive-OR gate 912b. Mil tipl exer 954 then provide [ [
th(rarpsquar ed sanples or the decovered sanples to multiplexer 9_22b,522€MA?/EW5
2005 WO ORb4h7488sPCT/ USOL/ 43619 36 dependi ng on a co_ntrol%ébﬁg@?glr ARE.
Squarer 952 supports the - conputation of a pilot carrier-to: _ ence
energy estimate, which is used to estimate the quality of the signal I|ink.
Accumul at or 526 can be progranmed to pﬁ:]gegorma number of tasks. 5 For
exanpl e, accurnul ator 526 can be progranmed to sinultaneously decover up to

[ [ t ] j i;n FIG,9, .the correlated
'eIC?Jgt ag:jf gggans %hp?%geb?gogﬁpgeg@% C dﬁ%&@?ﬂ&_ﬁ‘d _%ctﬁﬂﬂcﬁt ETEMErent
910 in a tifMBIeNY R maP§tppegecnamgneonttoller. 100201 ngiﬂﬂnlen@a:\’huﬁmgl? andt
so on). Thecdmbinafd 580288216025 lleﬂ}e&{il.fg] tfhl rlse:gugreet&l 10(a§atcf:§§wssuppor
time division yultiplexgd accu ation o e lcomntan %Sb:f' anprey!
Accunul at or\S$861G §RAENRG BEopghgthendispatiched dasks. | Eadhe taskasiate fnadchisler ong

i } i [ , I r.:p26_can be
conf | gured Lo areumRrpaepHidle Sonto? s R Pk aBece i, BbP il Thridiise; gn
15 accunul RETENfSWILIRIaeRiEnt uaHWysuduas, ifay examplécbpffen?24, afoerddame | s

: i i I ecei ver
covered W t3p2 mbotadﬁw%ﬂﬂ&’bor%ﬁpé’@rhlbﬁﬁr'ﬁégg&égﬁﬁgagagp%%?ﬁan%ggﬁhf AN

i di , accumul at or . i
concur  ent IOUSIGYEL 2 59 GiRtreh MEhtnEeaRmace haatsh AT uSdonctions
of fset beiagl poizobshe Buffars r&iipp@b&éé@ing?b{eﬁﬂént@eﬁ?vﬁfde?“% ?%%?}H 3he

i nbod t e i.nventi on, ro-controller
glggrr:egtlgr g\]}ﬁ %%%g[l%&r ga(%g \a/uerll;oﬁ ase%@h&ﬁg’pztp@hé@%vﬂcoﬁgﬂélsl efortngl averipusdir ect
t he oper at ironltiflevensi ouFIEl éets, n‘iulltiptr@dc?ygre;l_zw@iggaagg ggé)zefe(@ggl%@tsttggs o
oper at i on GroBremesas to RS S A% bBBroyed B bfiel R Tyt bitren/sfsar ched
t g pr ocess 1BterRayar t334ul Sequentingpethtratiem 1932 tuthearditddre tiod bp@ian'ddrp of eﬁr ch

j i i £ ' ' ndow, ., and so on.

The sengch Laop e AR okt St Ao S8 AT ERE b Ertad 2 il at or
526 to?éorrel at é’@- pifiols itgREg sliegram dar the yracessing odatevadmplesgby 96
chips) at alaspesbddsest BB0 bt seiimé ot el sonPanf Shaklied 4.9, ppcess

| signed nultipaths, to seaych for strong signal instances at T t | pl e
i e of | SecemPR ATeGaHIable forreagh B GaFRErANT RRQY datrosaimpls Bes 82 bits
i nstant i at e$ rasolapipnopFoateachakbitehe sfReEREbR, bhepard coﬁﬁﬂ@k"l‘?’@l ta?ﬁ:k and
mai nt ai ns 8 te chine f.or, the duration Qf the task. Defen_lng on
the parti CE):? ar @@g%%rrﬁd‘”g‘r‘g%%%ﬁ i PB-‘E%HP%GI 8%*13 seaoplegyior @r4-gRip
i nst ant? at pevipd w@n boratriadet] ficonduffeaadR4st at e machi nes for a | ower

[ [ -controller 232
hierarchical af“kfhe MrgtrC?OCi cycle, the complex PN samples for eight chips are retrieved from

buffer 224 and provided to latch 732 within correlator 522 (see FIG. 7A). In the
second clock cycle, the data samples for the first two chips corresponding to time offsets of
0.0, 0.5, 1.0, and 1.5 are retrieved from buffer 224 and latched by latches 712a, 712b, 712c,
% and 712d, respectively. In the third clock cycles, the samples in latches 712 are re-latched
by latches 714, and the data samples for the next two chips comresponding to time offsets of
2.0,2.5,3.0, and 3.5 are retrieved from buffer 224 and latched by latches 712a, 712b, 712c,
and 712d, respectively. In the fourth clock cycle, the data samples for the first chip
30  corresponding to time offsets of 0.0 and 0.5 are correlated by multipliers 720a and 720b,
respectively, within correlator 522. In the fifth clock cycle, correlator 522 is idled. In the
sixth clock cycle, the data samples for the second chip corresponding to time offsets of 1.0
and 1.5 are correlated by multipliers 720c and 720d, respectively. The processing
performed for clock cycles seven through ten is similar to the processing performed for
35 clock cycles three through six. The data processing further continues in similar manner

until the next set of PN samples are needed and retrieved.
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par anet er val ues to be applied for the dispatche
user terminal or a'base station of 2 communications system. The signal

processing for the forward and reverse links may be different and is typically

20 dependent on the particular CDMA standard or system being implemented.

Also, the requirements for the user terminal may be different from those for

the base station. For example, the user terminal is typically required to

process a single transmission from one base station or redundant

transmissions from multiple base stations, whereas a base station is typically

25  required to concurrently process multiple (and different) transmissions

from multiple user terminals. Thus, the receiver unit is typically designed
especially for the particular application for which it is used.

The elements described above for receiver unit 200 (e.g., address

generator 220, input data interface 222, buffer 224, data processor 230, micro-

30  controller 232, controller 240, and so on) can be implemented within one or

more application specific integrated circuits (ASICs), digital signal

processors, controllers, micro-controllers, microprocessors, other electronic

units designed to perform the functions described herein, or a combination

thereof. Buffer 224 and buffer/de-interleaver 234 can be implemented

35 within one or more random access memories (RAMs), dynamic RAMs

(DRAMSs), FLASH memories, or devices of other memory technologies.

Also, buffer 224 and buffer/de-interleaver 234 may also be implemented



Such paraneter values may specify, for exanple, the tine interval gg ngch
a search function is to be perforned. During execution of the tas coun
1014 counts down the designated tine interval and provides to sequencing
control | eWOPH43288 signal indicative of the end of the timPGTMISMM3A19 "1

| T-r-r 2 6 MAY 2005 WD 02/4288 PCT/US01/ 43619 38 |In an enbodi nent, to
sinplify the design and reduce circuit- conplexity and costs, sequencing
controller 1012 is inplemented using cofABi nat ori al |l ogic. The logic

i npl enents th equired task state nachlne used to sequ e through the
di spat ched W&E’R‘ %E%@ﬁnieagﬁeg’fa&? GHEEHE s b‘?dmﬂéglef‘ﬁeoﬁ}% él&ni“?ﬂté ebntr ol

si gnal s t hateddivachnitl®ooperati on of various elenents within receiver unit
200 such as, forFexgg% buffer 224, c rre% é 522 ﬁ ynbol deno Iator
and conbi ner 52450k ﬁDWé?%PyéﬁﬁedﬁﬂH‘ mipdtgentsnpf the Jpwenbion

cogtrol si gbeérs lae@mﬁmde spltidieglly v ah| q;hfs fc@ﬂfé)dtolibg dtﬁ@df&WHh rgolhﬁlhkedlatﬁfers
and process el.enent.s erformdihe i.spat ched tas

exanpl ecéat h@a@%ﬁ%?né?dh%@@o@m Ty OF?{ﬂvlefrpﬂ@ngVseqt’r?rFII@?Y @g‘(e g.,
rru: ti p: exerbe 611%§d6212>: atgxéd&fé@)egse?f Slﬁ{lggtda&ﬁle trmsiﬁe}rslgmptaha t ;ﬁoﬂ hether

mul tiplexers to be. provided to er r

Sequenci ng E%Iﬁ‘ﬁ?‘dﬂcgltloi‘élﬁyﬂﬁﬂsn ?gdl 4@% &gwaﬂ ?lmoft ﬁﬁ)&/l dr ess
gener ators $jiteandnddd ¢w). gener at e the required addresses. 15 FIG 1l1Ais a
timng diagramf t essin a sa at a rocessor 230 for
a time offset of ?égr%?ef%gf%ﬁ 8% gﬁh?%r‘g%f%?% §lilp'8%e@eﬁ S 15 PEPYUAE £ or
each chitp pter en@blanmyelaeﬂsoﬂakdlahn'pﬂm hetstofmake or tise the presedtulrivemtidor each

32D CeatyaRRial REALORE bOuRAPLAtbd MR wggmesaseﬁagsgr B & chip

period or four co qﬁ sanp es for a peri o i eved
from buf f er these. shidedhia the art, cﬂrwblthe:ﬁﬂrl@rlctlhencmﬂﬁsl defired dwarpiresndprbeei ght -

chips are r d t
corPeI at or %%‘ghf‘dﬁig &'h‘é?‘ GA%)BBH%GHESZL ﬁis%gggfl c gg%(togyﬂh]% m‘%égvdéﬂi% S%I es
for the fir u@mﬁ@h.&f@%r AB¥BBHENNGSt A0t| fatastidedet® dre dimated 1©. sther. o,

and 1. 53r eemBbdigeats {Howh Distdifrad tanek A&b‘f&&ﬂi ﬂbeyxdlaéﬁfs%egz Je%ﬂsm?é%b
712c, and 71&bﬂ}res ectivel sanples in

In.the third cycl es
| at ches 712WAfethepr Bﬂ%ﬂanéfuﬁﬁﬂéﬁ%§u7ﬁ§““§ﬁ@dt et a sanples for the
next two chips corresponding to tine offsets of 2.0, 2.5, 3.0, and 3.5 are
retrieved f | at ched by | atches 712a, 712b, 712c, and
712d, respec é§q¢IEiﬁaﬁﬁgsggurth cl ock cycle, the data sanples for the
first chip 30 corresponding to tinme offsets of 0.0 and 0.5 are correl ated by
multipliers 720a and 720b,




respectively, within correlator 522. In the fifth clock cycle, corréggﬁgms
522 is idled. In the sixth clock cycle, the data sanples for t he &

chip corresponding to tinme offsets of 1.0 and 1.5 are correlated by

mul tipliers 720c and 720d, respectively. The processing performed for clock
cycles seven through ten is simlar tqithe processing perforned for 35 clock
cycles three through six. The data processing further continues in simlar
manner ugﬁ%& e next set of PN sanples are needed and retrieved. WO

02/ 45288 2005 PCT/US01/43619 39 FIG 11Bis a timng diagramfor
the processing of data sanples by data processor 230 for a tinme offset of
1.5. In an enbodi nent, data sanples are retrieved frombuffer 224 starting
at even chip i AdiecaserwnigcomPrisidg: 4, and so on). Thus, the tinme offset for
a particular nuléiP th can be broken down 5 intg an integer portion and a
fractional por @i Bf! i’T’E@‘i%@@&&F B OFESIBH ang Eore| dipitized famplest ¢apTEingven chi p
i ndex fro ek ' ta sanples. The fractional portion
identifieghﬁﬁgggg%ﬁF%§§%%&%§r%?§ I'p offset in the retrieved data sanpl es.

As shown in Fl @ d&a Bro¢disorPioupdeip ke shafdlstddffers@pbperaivee t6 ghy ré@viet 10 from
buffer 224 in simlar manner as for the tine offset of zero. However, in
t he t hi rddiffesend segreats of theqdigiizsd ceswiasene seepwnt gt edmenfremethgAirst sanpl es

correspongi to.t i offset._ 0 . 5. Specifica h | es for
The o P o Bt fet Bfint PPl Sferl sehps PRl 0t hEFnifhE sHAEP . o5
720a,  respefmicts) €hYyproSésditlvaor Ynork Bf tHCrefrich b diffepat septfibts ohd Cegihdn@asanpl es
for the time 15 offsets of 2.5 and 3.0 are correlated by nmultipliers 720b

and 720c, arlsspaathi ens| grogrammeedidasprepdiog sequenee tchptevislsriesprged samples,(f) ar
manner. The receaiver uni,t descriped.above can b vant agequsl sed in a
Usor t er moRevet e idspldl spB RO B R APl e A DBLPRR G bl B
processi ngrdvide tdeBovepddayfibaRd (HF\RMPAulateNlife WRYoREdisihBsIgNo PRFideS
typically 20 dependent onh the particul ar COVMA standard or system bei ng

i npl emrent deémodwled, synitbels; endii(¢)esremitine ther dantslulptest symabals fiem theymbliipli f f er ent
fromthose. for. the base station. [For bgfgarrpl e, the user termnal is

typi cal | y SIEILNFIARCSs Lo Prowiedracessed; sypbelst r ansni ssion from one base station

or redundant Ta%%ﬁ&@ﬁlér?ﬂeﬁ@%ﬂefa@i%%lhﬁéoﬂ}%ﬂ?aﬁ?ro&s@&i,Onsy whereas a base
station is typically 25 required to concurrently process nmultiple (and

different) tramsnisstanillef raupledl td phe datepracessor rads IheTIauthol_idn,e theecei ver
L B R el gned RepEcl L O LS PRLLL G SRl ceblon Tor
addr ess machine for each task, and direct the data processor to process the retrieved different
segments; and
an address generator coupled to the first buffer and the controller, the address
generator being operative to implement a counter to control a write address for
writing digitized samples to the first buffer, the counter being operative to send a
signal to the controller to initiate processing of the stored samples by the data

Processor.

2. The receiver unit of claim 1,
wherein the controller is operative to dispatch tasks for the data processor and

to process signaling data from the data processor.

3. The receiver unit of claim 34, wherein the controller is operative to perform

pilot processing and time tracking for each of the signal instances being processed.



generator 220, input data interface 222, buffer 224, data process&ﬁiﬁ
m cro- 30 controller 232, controller 240, and so on) can be inple 2005
wi thin one or nore application specific integrated circuits (ASICs), digital
signal processors, controllers, mcro-controllers, mcroprocessors, other
el ectronic units designed to performgphe functions described herein, or a
conbi nation thereof. Buffer 224 and buffer/de-interl eaver 234 can be

RN | ( DRAVE) . TEEAS oY e Shoohee B <SR btk bt co.

Al so, buffigy c?e?ééti@ﬂ%x@df:lfn6f(h@%i§nﬂﬁi%§thﬁ&‘é%in§%dé§’ééd.a| so be inplemented 2 6
MAY 2005 WO 02/45288 PCT/USO I /43619 40 wthin the sanme integrated

circuit used to inplenent other elenments of receiver unit 200. For clarity,

nmany aspects a enbodi nent f.t i pvention ha .been descri bed
s Froet s T e Toa s i ofoftaie A%+ RS AR OEr 45 SBOETEe EHPELIBY i n t he

HDR CDNVA t ! i may al so be used for the reverse
3k t}d@%ﬁ%gahg c?%rmbiﬁt/ﬁigﬁﬂl%?

| ink data transm ssio comuni cations systens (e.g., the
| S-95 CDVA system the WCDMA system and so on). The foregoi ng description
of the preferred enbodi nents js Ero inged 10. t o enabl e any person skilled in
the art t& makd§reqsawer UK OEF@% fhe{' ErROMINISINEyar i ous nodifications to

t hese enbodi ment i1 1 i PR, infeq %fﬁ{g g tja (;Vh@e art, and
t he generic priqn%fﬁ sl,érso;%ga*tlfvﬁgg f éeé#el ngn"gkglﬁgltee n%%%??ed to lg‘tﬁ‘ﬂer ribérrtgodi ment s
Wi t hout t hiee digitized saiples.nventive faculty. Thus, the present invention is
not intended to be limted to the 15 enbodi nents shown herein but is to be

accorded the w dest scope consistent wth the principles and novel features

di scl osed srer eihe WAL 5 CEALMER,| Sherdh A7 BBessdLiEhARYS 1. A recei ver

unit, conprfising: afir er “operative eceive and store digitized
sanpl es conpri si digreldidl épepdtivel 1o legpreabthefretiev &L eiprtltssofgligitized sahales
processor coupled to the first buffer and operative to (a) retrieve

di f f er ent vslyeasrasponshing sremengs ofi BN dpssudgrrandommoised gaenieading seaenees £ om t he

first provide correlated samples.

8. The receiver unit of claim 7, wherein the data processor further includes
a symbol demodulator and combiner coupled to the correlator and operative to

receive and process the correlated samples to provide processed symbols.

9. The receiver unit of claim 7, wherein the data processor further includes
an accumulator coupled to the correlator and operative to receive and process

the correlated samples to provide accumulated resulits.

10.  The receiver unit of claim 8, wherein the data processor further includes
a second buffer coupled to the symbol demodulation and combiner and

operative to store the processed symbols.
11. The receiver unit of claim 7, wherein the correlator includes
a set of K multipliers operative to concurrently despread sets of up to K

complex digitized samples.

12. The receiver unit of claim 11, wherein the correlator further includes




buffer, each of the retrieved different segnents conprising one szeéjp'ﬁY
multiple signal instances, (b) process two or nore of the retrie 2005
di fferent segnents one segnent at a tinme with one programmed despreadi ng
sequence to provide despread sanples, (c) decover the despread sanple with
a channel i zation code of programmabl e gzength to provide decovered synbol s,
(d) denodul ate the decovered synbols to provide denodul ated synbols, and

e) conbi ne the de ul ated s ls fromthe lt.iple .signal instances to
brovi e pr oces et ShuREeTs. YRR these! BER T il gk S pRERLEne  da o
processor o %c@i'v&'éﬂd?&ﬂh?ﬁiré 8 safPIR fRdhn o b dRlIBpRECESSOr and the

controller, the mcrocontroller being operative to receive tasks fromthe
controller, instantiate a state machine for each task, and direct the data

processor to process.the retrieved different _segnents; and an address
Genor at or [doup/108 FEE e @K oF Sl I VRS e FEIRBRIE RS -t he addr eos

oupl
generator bein i j: : é’an’ﬁf addr ess
for witing dlqaﬁ{ffl% e téﬁ%ﬁg@%’é@ﬁ%@ﬁa}lgﬁﬁgbﬁla&%?ht?%g%%{gnt er léf.)steﬁjng

oper at i ve generate iittepolasédyaaiplésahithee pronidedlab dre doarelandd saatpdespr ocessi ng of the
stored sanples by the data processor. 2. The receiver unit of claiml,

wherein the controller is operative to dispatch tasks for the data processor

and to prgces [ [ fromthe data processor. 3. The receiver unit
of claim :lj mk?‘e?eggﬁa{%[{e}g’gon%ﬁ%lpg'er is operative to perform pilot

processi ng and atfirgebhffaCopenglivicod @asite aiid blde: dighirl saplaana espdrteular
processed. 2 6 MAY 1005 42 4. The receiver unit of claim 34, wherein the
control | esampleggierad ve to perform |ock detection for each of the signal

cont rol 1 or 15 SpBrapEveeDLoohelstoR P AL YTERE G oo Bottne RN o

sanpl es. &f tHQigiteeli dfiplddnirdm Qhe EiralibAfR4 and td phRessCORREIrEvED seghndn@cei ver
operative to receive the nultiple instances of the signal to provide the

di gi ti zed v§npparticulgr seTpé paremeiey erlugshivherdin teadatn Pocesapreis opprataddages a
processor includes.a correl ator erati t.0 ,despr.ead .t he r.ev segnent s
of *di gi t1 98k oiberite Sk afiod o BBk i S ASRE B pia Tt oy o

noi se) desiHeRal itiD S8 PHERSEY ihaudésrwbﬁ@lat@f)b?@aﬁv@cb dedppéadsthe Fetribhial r ecei ver
unit of claim7, wherein the data processor further includes a synbol

denmodul at segraends efnthe ndigitized: seagles owith ecorrgsposidingo segamraitso o€ Y i (peeuder
random noise) despreading sequences to provide correlated samples, the correlator
including an interpolator operative to receive and interpolate the despread samples to
generate interpolated samples that are provided as the correlated samples, and wherein
the interpolator includes one or more pairs of scaling elements, each of the scaling
elements operative to receive and scale respective do spread samples with a particular
gain to generate scaled samples, and one or more summer, each of the summers
coupled to a respective pair of scaling elements and operative to receive and sum the

scaled samples from the pair of scaling elements to generate the interpolated samples.

15. The receiver unit of claim 8, wherein the symbol demodulator and combiner
includes

a decover element operative to receive and decover the correlated samples

with one or more channelization codes to provide decovered symbols.




recei ve and process the correlated sanples to provide processed S%ﬁlﬁ 9.
The receiver unit of claim?7, wherein the data processor further i 4 2:“35 an
accurrul ator coupled to the correlator and operative to receive and process
the correlated sanples to provide accunul ated results. 10. The receiver unit
of claim8, wherein the data processoryfurther includes a second buffer
coupled to the synbol denodul ati on and conbi ner and operative to store the
processed ,synbqals. 11. The receiver_unit .of claimZ, wherejn th rrel at or
ol ues d8%er 168 RSttt PECBI LS atteif (66 cBubelirait sdsbatn Siecr s o
up to K coaR!ldaxh ﬁhﬁhé b 2&1htS B1P]s og&ﬁmaﬁf@aﬁd@fc@iﬂ&%y WhE bf e selsriel 1,
wherein the correlator further 1ncltudes 2 6 MAY 2005° 43 a set of K sunmers
coupl ed t pataetgenluet. K nultipliers, each summer operative to receive and
sum pairs of sanples fromtwo of the nmultipliers. 13. The receiver unit of
claim7, wherein the correlator includes an interpol ator operative to

receive a i Nt dugﬁgfgﬁ{ sl ed

sanpl es tﬁgt a@gg?%%?ﬁe%ggpgﬁgﬁggfre at eg%sg%ﬁ)rgggs@%ﬁ& lﬁ-@géen?@é‘?f unit,
conpri si ngvithea fast Hadametrd eansfpen 8TH Veclérmentdaeingd. siagksst ore digitized sanpl es
at a particular sanple rate; and a data processor coupled to the first
buffer and operative to retrieve segnents of the digitized sanples fromthe
first buffjer a%e%%e%e%ﬁﬁ%ﬁ%ﬁgnﬁ?? &h@r‘é&ckhé%gﬁea&%ent"}‘% Bﬁergﬁ 8%8&#: r set of
par amet er val ues, erein theé data’ processor i's operated pbased on a
processi n@né baeksshiaphadg and fuiRaterRcorehedd samplis@helteinating tlek sgolgd. e rate, and
wherein the data processor includes a correlator operative to despread the
retrieved segnments of the digitized sanples with correspondi ng segnents of
PN (pseudgy r angamdgl,se)ndeHPLaRT N9 SRIUENGESTAP ALAXLIR SONLRIILd

sanpl es, the correlator “including an Tntérpolator operativ 0 receive and
i nt er pol atperfbine deasRriggsihashel@ndre Waemeymb@s bns Gingtl 6 B, 9a8pigs2t hat are
provi ded as the correl ated sanples, and wherein the interpolator includes
one or nod pallds of scaling el enents, each of the scaling elenents
operative to receive and scal e respective do spread sanples with a
particular gain to generate scal ed sanples, and one or nore sumer, each of
the summeny, cauglrestive? uditloEsRaatlisywharin thekysbal deithdal-668 ahs cémbineper ati ve
to receive and sumthe scaled sanples fromthe pair of scaling elenments to
gener at e tfigharmmadedes| at ed sanples. 15. The receiver unit of claim S8,

wherein the synbol AIBBALAR" 8ied WP HecdvaF d88Ent and operative to

demodulate the decovered symbols with pilot symbols to provide demodulated
symbols.

21.  The receiver unit of claim 20, wherein the symbol demodulator and combiner
further includes

a symbol accumulator coupled to the pilot demodulator and operative to
accumulate the demodulated symbols from multiple signal instances to provide the

processed symbols.

22, The receiver unit of claim 10, wherein the second buffer is operative to
provide the processed symbols to a subsequent signal processing element in an output
order that is different from an input order to provide de-interleaving of the processed

symbols.



a decover elenent operative to receive and decover the correl ated %nggymw
with one or nore channelization codes to provide decovered synbols. %
2005 44 16. The receiver unit of claim 15, wherein the channelization codes
are Wal sh codes each having a length that is programrabl e and defi ned by
one of the sets of the paranmeter valuwgs. 17. The receiver unit of claim15,
wherein the decover elenent is inplenented wth a fast Hadamard transform

(FHT) el enent ving.L st 1 The receiver unit of claim17, wherein
the FHT oPanentiedOmbr SIS cair 2 SRTEFIS Hireneppnst Buter et ieadt i at ur o
correl at edeiRMP) G ROtiGH bFsrAdd @%t&%%&&%ﬂ!s‘?ﬁrboﬂsgfor Irbﬁnéﬁlcﬁdckélrbe‘iﬁg t of
claim17, wherein the F el enment is operative to performdecovering with

one or noipeccested hamsly mbother séctmnl epaystiveofo klor@ prdcesgd $6nbde, for G4 prior 118.

20. The receiver, unit of claim 15, wherein the synbol. deppdul ati on and
combi ner Pefesssdpas F%%@Oﬁldg]ﬂ |t<bthecf@ﬁ%?aa?%ﬂgpa peAsSYRB EEMME decover

el enrent and operative to denodul ate the decovered synbols with pil ot
synbols to provide denodul ated synbols. 21. The receiver unit of claim 20,
wher ei n t 12d. syriihel redeiveduinitt of dxich Gonbherein tHeumtduemulatoc | is deerativey tdool
accurul ator coupled to the pilot denodul ator and . operatiyve to ., accunul ate

t he dempdd@r@iealsfhpetreelated sARPIET PR RIPFHEIMAbIS iR cusrvabtopravida@ilohe
processedS gp&ki?ﬂat 2. The receiver unit of claim 10, wherein the second
buffer is %‘era Ive'to provide the processed synbols to a subsequent signal
processing elenent in an output order that is different froman input order
to provide de-interleaving of the processed synbols. 2 6 MAY 2005 45 23.
The recei ¥ér uribe T@-’re"telf&ﬂ%]oﬁ21,31MeWEFfﬁmtthéa%cé‘éb%mb‘ﬂff‘]ﬂlé?s i ncl udes at | east

two sections, 0pe 3G6LI0N ARGLA! Ikl SO SollRAERSAUmENBRk Sl 0fo @

current packet “being ” processed and anot her secti on opérative to store

pr ocessed psnilopitotsiinaPesbifia® for @paARakednfeagket tq be provided to the
subsequent signal processing elenent. 24. The receiver unit of claim9,

wherein the accumulator is operative to accunulate the correlated sanples
over a progr amﬁ%'rgceti\llerrr%nitrgf%ia\{r%l 34t, W Rl {h%%o fr!)l?etr is gf)g‘%e BShdcMRlES -

a timing state machine for each signal instance being processed.

27.  The receiver unit of claim 26, wherein each instantiated timing state machine
includes
a time tracking loop operative to track movement of the signal instance being

processed.

28. The receiver unit of claim 34, wherein the controller is operative to receive a
timing signal and initiate processing of the segments of digitized samples in response

to the received timing signal.

29.  The receiver unit of claim 28, wherein the timing signal is generated based on

a comparison value provided by the controller.

30.  The receiver unit of claim 28, wherein the timing signal is indicative of a

particular number of digitized samples having been stored to the first buffer.



25. The receiver unit of claim9, wherein the accunul ator includes Eh
plurality of accunul ate el enents, each accunul ate el enent operativg MAY 2005
provi de pilot signal estinmate for a particular tine offset. | 26. The
receiver unit of claim34, wherein the controller is operative to
instantiate a timng state machine fqf each signal instance being
processed. 27. The receiver unit of claim26, wherein each instantiated
timng state hine. includes a tine tracking | oqp operative_to track
roversnt ot t mifaﬁveri% %ﬁé‘%‘%éﬁn&hﬂﬁ%@éé’gwfﬁg% closk dhas aceaercyini ¢ of
cl aim 34, el 1B (EPURA hihel ShAPThEhitBId Pk CHR WamBle Hid B! anal
and initiate processing of the Segnents of gitized sanptes I n response to
t he recei agghchrombugwith gieaproc&fing thoekr ecei ver unit of claim 28, wherein the
timng signal is generated based on a conparison value provided by the
controller. 30. The receiver unit of claim28, wherein the timng signal is
i ndi cati ve,of I r r of digitized sanples having been stored
to the fi?gt bﬁp;g%%h??ghﬁﬁga%ggg, 46 31. The receiver unit of claim 34,
wher ei n the prodessnnie aligokonaslle it opetaane Yo rédebie ths taks lahd penérate 4 | mes

hi gher than the sanple rate, the sanple rate bein asynchronous with the
processi ngtet pbegatrol signgldo daeet the eperatien of the fastru ferm%ﬂ@i 4ftg processor

m cro-con i rald to receive the tasks and generate a stet of
control sittgg%gticg{etdéggl:gp%gﬁetdt%%sbper ation of the first buffer and the data
processor to execute the dispatched tasks. 33. The receiver unit of claim

34, wherein the mcro-controller is operative to instantiate a task state
machi ne f d8. eadietigekvereunif opcimsdbavheain the meised-¢antrolier is operativera el ess

conmuni cat.i ons. syst co i Sidg; finst buffer operative to receive and
store di gi'?sfeai“ila@s/aatﬁgf fgte n}‘%&l aﬁs??a&ﬁlt%?:k beglgrpﬁ?ceesf‘egte; a data processor
coupled to the first buffer and operative to retrieve segnents of the

digitized sanples fromthe first buffer and to process each of the retrieved
segnent s W#t h a\ pssetviecunian g strelsfss pemempicetionsalysien, cathpnengi t he dat a

[ b : . [ | ock .havi f t hat
< higher 1 han 3 PR PR Relo B P0G SR P e DR bceseor

and operatsglﬁﬁletrgtegi spatch tasks for the data processor and to process
signaling data fromthe data processor; and _ .
a data processor coupled to the first buffer and operative to retrieve segments

of the digitized samples from the first buffer and to process each of the retrieved
segments with a particular set of parameter values, wherein the data processor is
operated based on a processing clock having a frequency that is higher than the
sample rate,

a controller coupled to the data processor and operative to dispatch tasks for
the data processor and to process signaling data from the data processor; and
a micro-controller coupled to the controller and operative to receive the dispatched
tasks and to generate a set of control signals to direct the operation of the first buffer
and the data processor to execute the dispatched tasks, wherein the micro-controller
includes a set of latches operative to latch a dispatched task and one or more
parameter values to be applied for the dispatched task, at least one counter, each of
the counters coupled to a respective latch and operative to provide an indicator signal
based on a value stored in the latch, and a sequencing controller operative to receive
at least one indicator signal and the dispatched task and to generate the set of control

signals.



a mcro-controller coupled to the controller and operative to rec;é'b\ﬁa t@ﬁ
di spatched tasks and to generate a set of control signals to dir &Yﬂ
operation of the first buffer and the data processor to execute the

di spat ched tasks, wherein the mcro-controller includes a set of |atches
operative to latch a dispatched task ayd one or nore paraneter values to be
applied for the dispatched task, at |east one counter, each of the counters

coupl ed t pective | erative to provi de an indicator si gnal
based on §5val ﬁi‘eﬁ‘?ﬂ"é’ﬂ“l‘ Oﬂil]é gf‘c‘ﬁ F'%frf’(?“ﬁ’”é ®§uenci ng control |l er operative
to receive at 4l g3stin@ngcd @&h;ﬂé’é o (R %'Ps%'blﬁfé?' fnRed4 %méifﬁ&e_ﬁlr%érat% fnd to

generate the set of control ‘signals. MAY 2005 47 35 e receiver unit
of cl ai m 3éeivietthe H@ltlzadrspmpiﬂsn@scad dmufaessaltyesah’qnd&s asligsiserdbledhe smnpfles st

buffer, the dat |nt ce_operative receive the digitized sanples,

di scard ur‘r‘i‘m‘@é"@%r Sifnfg!' gldic e&hﬂO@SEET%F@rﬁtﬁ’é‘ffg’érrpl es into words suitable
for efficient storage to the first buffer. 36. The receiver unit of claim
34, wherein a word of 32 bits or nore is witten to the first buffer or
read from3ghe flihestcdivdrfonit dfalaimadh) whetdien vaad @ef32 b3E or Tivee iewaitereto uni t of
claim 34, whereln the first buffer is qperat v to store two or nore
packets of @Uflfét by e or seadren thesfarst by rrf‘érce@F]@/bP SIACECSdf cl ai m 34, wherein the
first buffer is further operative to store pseudo-random noi se (PN)
sanples. 39. The receiver unit of claim1, wherein the clock frequency of

the data proceselrecdiveraiitlofaiimt3 whersksthdifgheuffeh operativeanploes et e.  40.
The receiver unit of claiml1, wherein the receiver unit is configured for
oper at i on oF moge hﬁ‘&ﬁtsdﬁldégm%ﬁdesamﬁh?) CDMA system 41. A nmethod for processing
a received signal in a wireless conmuni cati ons system the nethod
conprising: buffering digitized sanples of a received signal in a first

buf fer; mgtri erHengcsieaniit 6f elhini B8, Fherein thedirstabgifeeds fiiretier toperafive s¢  buf fer;
processi ng each of the retrieved segnents with a particul ar set of paraneter

val ues; dlsmapaﬁudngan@@ksmﬁ@(PI\é)&aﬁmgeSpr ocessor to process the retrieved
segnents and to process signaling data fromthe data processor; receivVving
t he di spatched tasks and generating a set of control signals to direct the

operation 30f tMeefrbécterMmitioriclaand, Wierditnite dRicRIRRSOticyloT thx @t bocker
di spatched tasks; latching a di spatched task and one or nore paraneter

val ues to ipat laﬁbtanddnésingharh@rdhs pavplaeatet ask;

40.  The receiver unit of claim 1, wherein the receiver unit is configured for

operation in a high data rate (HDR) CDMA system.

41. A method for processing a received signal in a wireless communications
system, the method comprising:

buffering digitized samples of a received signal in a first buffer;

retrieving segments of the digitized samples from the first buffer;

processing each of the retrieved segments with a particular set of parameter
values;

dispatching tasks for a data processor to process the retrieved segments and to
process signaling data from the data processor,

receiving the dispatched tasks and generating a set of control signals to direct
the operation of the first buffer and the data processor to execute the dispatched tasks;

latching a dispatched task and one or more parameter values to be applied for

the dispatched task;




2 6 MAY 2005 48 providing an indicator signal based on a val ue st,0 Eﬂ bﬂ@
the latch; and receiving at | east one indicator signal and the dizsé) ¥ 0%
task and to generate the set of control signals. 42. The method of claim
41, wherein the processing of the segnents includes despreading the

retrieved segnents of digitized sanplgg with correspondi ng segnents of PN
(pseudo-random noi se) despreadi ng sequences to provide correl ated sanpl es.

docovering 1 he FROADERAD S catioy gt Rpse SpROSER PR e MIEh L | on - codes to

provi de_ decovergdiiygholeist A indieRoFBiEhA dn@fthe hRhARHED taVlD S EiogdnBRite
processi ng further includes denodul ating the decovered synbols wth pil ot

synbol s t ¢hgsebof cmtrolleignalel at ed synbol s. 45. The nethod of claim 44, wherein
the processing further includes accumul ati ng the denodul ated synbols from
mul tiple signal instances to provide processed synbols. 46. The nethod of

cl ai m 41, goher aind ioddf &t IATHAERIATR FREEINACT HEOREARA in8iedl ai L zod

at a sanple rate, and wherein the retrieved segnents are processed by the
dat a pr ocelsgweadnmg the actpicoatsgimegtsod faligitibal/sanple Witk qoreespyndihgsegmsenitd gher

t han t he e rate, . the s |l e rate bei ng asynchyonou ith the
processi n@?ﬁ%ﬁ?udpﬁénd%f‘ﬂléé?eﬁﬂeﬁ P8 SAPSRES it BrovE é@ﬁeﬁ&\yfﬂmﬁiﬁﬁ- rate of
the digitized sanples; and providing a signal used to wite digitized
sanples to the first buffer starting at designated |ocations. 47. The
nmet hod of 48| ai M nethed ef dlainh42, pvimees theqgoaksinp &urdiegneludenst ances
conprises: 2 6 MAY 2005 49 ggsaread' ng the retrieve ments qf the

se
digitized sanpldseo¥sipg the gorelatsd samalys Selheng 8r grre m@%&im%ﬁ&%m noi se)

despr eadi ﬁggwgg@dﬁﬁnb&gpvi de correl ated sanpl es; decovering the
correlated sanples wth” one or nore channelization codes to provide

decovered synbol s; denodul ati ng the decovered synbols with pilot synbols to
P | B e PEt o E eSS L Hif L 5r 0 e synbols from
demodulating the decovered symbols with pilot symbols to provide
demodulated symbols.

45. The method of claim 44, wherein the processing further includes
accumulating the demodulated symbols from multiple signal instances to

provide processed symbols.

46.  The method of claim 41, wherein the digital samples are received, processed
and digitized at a sample rate, and wherein the retrieved segments are processed by
the data processor with a processing clock having a frequency that is higher than the
sample rate, the sample rate being asynchronous with the processing clock, the
method further comprising:

tracking a chip rate of the digitized samples; and

providing a signal used to write digitized samples to the first buffer starting at

designated locations.

47.  The method of claim 41 wherein the processing of the signal instances

comprises:




provide processed synbols. 48. The receiver unit of claiml mhereinzghngw5
controller has a tine tracking |oop operative to track novenent of one o
the nmultiple signal instances being processed by the data processor, and
further being configured to generate a tine offset used to retrieve a
segnent of the digitized sanples in th® first buffer containing said one of
the multiple signal instances in response to the tinme tracking |oop. 49. The

receiver unit %SrPiLﬁfgé i‘we{eﬁiﬁgﬁggﬁ%ﬁ%@*‘ prppc%esp%igltﬁc&ursm escg\ra[l_{ gured to

coherently conbi orre fromsai WO~ or re he
segnent s fteorrepidingdt Sghfeatess PN (pseadbsandoth nbiie) desbatiig WBquenods & ai m 34,
wherein at | east one of the paranmeter values is programmable. 51. A nethod
conpri si ngrovdeedrralated samplessd sanpl es conprising nmultiple instances of a
received signal,at .a first huffer: at a.data processor, .retrievin

di frerent segmifraenne e comelrier 2atpls b ang b MOt EREREILTION LR om ¢ he
first buffhesvided&dvértd siabeigl rieved different segnents conprising one of
the multiple signal instances; processing two or nore of the retrieved

di fferent segnmeemedulatingetheerdecenterad symhelani with opdotorsymbatendd gesvdeeadi ng
sequence to provi de despre sanples; 16 MAY 2005 50 decovering the

despr ead 9&%9%1&“%5 gagcﬁ'@gnel i zation code of programmable length to

provi de_decovered i) e dIERAMIES L RofCHRURIERIHERNifudRDipVI de

denodul ated synb ni ng ated synbols fromthe nultiple
si gnal i ngrandeprotessesyonbade processed synbol s; receiving tasks,
instantiating a state nmachine for each task, and directing the data
processor to process the retrieved different segnments; inplenenting a

counter t QgCoNUil el it BEGLERS bRLreM it BB tib 20me SALRIES0dP  he
first buffer, and sending a signal to a controller to initiate processing of
t he storedpsatipé &strigk miockemett ¢f quecsfahs atultiple signal instances being processed

by the data processor, and further being configured to generate a time offset used to

retrieve a segment of the digitized samples in the first buffer containing said one of

the multiple signal instances in response to the time tracking loop.

49,  The receiver unit of claim 1 wherein the data processor is further configured to
coherently combine the correlated samples from said two or more of the segments to

generate processed symbols.

50.  The recetver unit of claim 34, wherein at least one of the parameter values is

programmable.

51. A method comprising:

storing digitized samples comprising multiple instances of a received signal at
a first buffer;

at a data processor, retrieving different segments of the digitized samples one
segment at a time from the first buffer, each of the retrieved different segments
comprising one of the mulitiple signal instances;

processing two or more of the retrieved different segments one segment at a

time with one programmed despreading sequence to provide despread samples;
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decovering the despread samples with a channelization code of programmable
length to provide decovered symbols;

demodulating the decovered symbols to provide demodulated symbols;

combining the demodulated symbols from the multiple signal instances to
provide processed symbols;

receiving tasks, instantiating a state machine for each task, and directing the
data processor to process the retrieved different segments;

implementing a counter to control a write address for writing digitized
samples to the first buffer, and

sending a signal to a controller to initiate processing of the stored samples by

the data processor.




