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rel ates to data conmunications. Mre particularly, the present invention
relates to nethod and apparatus for 10 efficiently processing a received
signal in a conmunications system |I. Description of the Related Art
*@0002* In a typical digital conmunications system data is processed at a
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signal instances, and the data protessin | erent s, are assigned . to process
speci fic siRfRa? PARALEHAE &amps FEQFDE')atI W@%P%Z‘g@ 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 umit via
multiple signal paths. For improved performance, the receiver umnit 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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Anot her enbodi ment of the invention provides a nethod for processing a
received signal in a wireless comuni cations system |In accordance with the
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and 5; interpolator receives and interpolates despread samples to generate

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



FIG 7A is a block diagramof a specific enbodinent of a correlator within
the data processor of PIG 5; FIG 7B is a block diagramof a specific
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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 samples 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



The signal processing described above supports transm ssions of packet
data, nessagi ng, voice, video, and other types of communication i n 30 one
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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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Communications system 100 can be a code division multiple access
(CDMA) system or other multiple access communications system that

35 supports voice and data 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

not s
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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.
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than an order of magnitude faster than the sample rate (e.g., foox > 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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35 Signaling data fields 306 are used to send signaling information such as, for
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reverse link power control commands, and so on. The FAC indicators

indicate whether the base station has traffic data to send a particular number
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Symbol combiner 450 receives the demodulated data symbols from
each assigned data correlator 410, coherently combines the symbols, and
provides recovered data symbols to a de-interleaver 452. De-interleaver 452

35  reorders the symbols in a manner complementary to that performed at the
base station. The data symbols from de-interleaver 452 is then decoded by a
decoder 460 and provided to a data sink.
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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
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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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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
35 starting samples for each signal instance being processed can correspond to
any location in buffer 224. In an embodiment, the time tracking loop is used
to determine the starting location of the received data packet for each signal
instance being processed. The time tracking loop processes the received
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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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accumulated symbols. When symbols for multiple multipaths are to be

combined, address generator 236 generates the proper symbol read and write

15 addresses, as determined by the values stored in latches 544a and 544b.

In many communications systems including the HDR CDMA system,
interleaving is used to provide temporal diversity in the transmitted data.
The interleaving reduces the likelihood of receiving a sting of consecutive
errors due to, for example, impulse noise. At the receiver unit, the received

20  symbols are reordered. The reordering can 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-interleaving of the processed symbols. In an embodiment, the
processed symbols are written to buffer/de-interleaver 234 is sequential
order but are read out in a pseudo-random but deterministic order defined
by the particular interleaving scheme being implemented. Because the

30 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-interleaver

35  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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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:

I + jQre = Upyy +jQDAT)(IPN+ JOPN) ) Eq (1)

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

Ipes + jOpes = (L + JQupc ) (IPN - jOPN) , Eq (2)
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and summer 722d combines the despread Qg samples from multipliers
720a and 720c to generate the second combined Q. sample. Summers 722
30 can be used to combine half samples from different chips before the

interpolation, to simplify the design of the interpolator. AND gates 718 and
the ZERO_0 and ZERO_1 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 a complex or
35 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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Wi t hin cor reteived 3dtplespe(3d) frovide. ihterpblatedcsamplespcar cy ct@mbinetidat a
sanpl es forgtepgofrrst two chips corresponding to tinme offsets of 0.0, 0.5,

1.0, and 1.5 are retrieved from?25 buffer 224 and |atched by | atches 712a,
712b, 712c, and Thedcombingdcdiwdry . Qen akk Qai sameplsc kosy csémmense 72aapl es

In latches igughie7ped! aichorbuiied atshsealfily citfriche 79k amamptes7fe, ¢ he

next t chi o tipe offset are
fotrievdd i £r VIBhiT et el clsprant R e, SamplS fn provign toxia
712d, respext irv;ﬂhtyof hnntxmplteﬁe:r v caroeipety of @, timbe t@at elenntl Z&L, and an

input of a summer 776. Times-two element 774 scales the received sample

the

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



30 for the first chip corresponding to tine offsets of 0.0 and 0.5 are
correlated by nultipliers 720a and 720b, respectively, within correl ator
522. In tWO W48/ cl ock cycle, correlator 522 is idled. |rPatESEI4361 cl ock
cycle, the data sanples for the second chip corresponding to tine offsets
of 1.0 and 1.5 are correlated by nultlpllers 720c and 720d, respectively.
The processing perfornmed for 35 clock c 2l es seven through ten is simlar
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user termnal i3$ I ca rocess a Sin ansm
one base sFaﬂflgﬁr?ﬁiorﬁeduﬁ%rﬂxamﬂﬁs rﬁSssIDm abwra, nmtemnletdjas?éostM|bms
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can be i npsemplesedARd: i performdnterpolatioppthe Xilj ¥R, op&3i value iis selgetetichy
circuits (6%%)11’:1 etk 37250 e 96‘9‘3’???3?{‘2‘1” CRYLKO) bEXS value is selected

m cro- e m Cr oDl 0CeSSors ctronic_units designe
per f or th thnlh‘ﬁ(ﬂ then agliiplexes e 2Hgy iercoraplemendaty Bailt on t her eof . Buff er
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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 HDR CDMA system, each Walsh
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each si gnaldemedulated isgimbglpaoe deaerovided to a symbol accumulator 870 and

may be combined with other demodulated symbols from other signal paths

or other redundant transmissions. The output from symbol accumulator

870 comprises the processed symbols that are then provided to buffer/de-

20 interleaver 234 (see FIG. 5).

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.ox 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 Iox



5. The receiver unit of claim2, wherein the controller is operative to 2
perform |l ock detection of each signal instance being processed. 6. The
recei ver WOiR/A46f88cl ai m 2, wherein the controller is operatiGrU$ta/A43618er f orm
frequency tracking of the digitized sanples. 7. The receiver unit of claim
1, further conprising: 2 a receiver operative to receive and process a
transmtted signal to provide the di git\?’]zed sanples. 8. The receiver unit

of claim1, wherein data_processoy ifcludes 2 a .carrel ator operatjve to
Gespr ea. P 11 Nl Qen Pl oy Thet (CutiPeToon pRd Qhon v EUPF 2385 g
segnent s opefiNroesan dddhipy Welghedeesvaringl qr the deceived edaanpld blorgl with WO
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coupl ed t osymbolsrrel ator and 4 operative to receive and process the

correl af ed Sa”PLAEI{Seﬁth'%Qr‘,’iF'HT%M&%@%Z@Y&*?P'@-c i R8 16 C@bctRser Ui  Of
claim8, wherein the data processar I rther I ncl udes an_accunul at or
coupl ed t oreaeéved spEIRieD Wikh b he Wa s:fwe syghalsei lre thisqcanfiguradion,  RELT

clor rel at edeRanphte 820 de@f&yﬂsﬂ%@@quwaflahegumﬁuht §f| nhdltiplidgl @@ NDy-Mi t  of
SR RN T et T e ST g
t he processphbey mavisg ali2ngithef N odiipe) byri teddr .conhpiising, theh®N giairst b
correl g or Iciog%lnﬂdﬁgm samples to generate N pairs of decovered I,,;c and Q- symbols.
Decovering with all N Walsh symbol is especially advantageous, for
example, in the HDR CDMA system in which data may be transmitted over
more than one channel to a particular terminal.

In an embodiment, to expedite the processing of the I.o; and Q.

15 samples and to minimize the amount of required circuitry, FHT element
820 is configured to process the Iz and Q.o samples on alternate clock
cycles. This allows a single FHT element 820 to provide decovered I, and
Qprc symbols to the subsequent processing unit on alternate clock cycles,
with the Qp. symbols delayed from the corresponding I, symbols by a

20 single clock cycle. The subsequent processing unit can then be 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.o; 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,z and Qcug

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,



2 a set of Kmultipliers operative to concurrently despread sets of up to K
conplex digitized sanples. 13. The receiver unit of claim 12, wherein the
correl at oWOfoaH6288r 2 i ncludes a set of K sunmmers coupl ed tRCT/HBY1886190f K
mul tipliers, each sumrer 4 operative to receive and surn pairs of sanples
fromtwo multipliers. 14. The receiver unit of claim8, wherein the
correlator includes 2 an interpol ator operative to receive and interpol ate

despread s |l es fromithe PN despreading.to generate, interpqglated sanpl es
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wherein theg Jé'ﬁgngls%%‘r%né Input of summer 836, and one input of a multiplexer 840

that also receives the output from summer 836. Multiplexer 840 alternately

provides the output from memory element 838 and the output from

15 summer 836 to a latch 842. The output of latch 842 is provided to the input

of the next bufferfly transform element 830. The output of the last bufferfly

transform element 830d comprises the decovered symbol.

A design and operation of a FHT element is described in further detail
in U.S. Patent No. 5,561,618, entitled "METHODS AND APPARATUS FOR

20 PERFORMING A FAST HADANARD TRANSFORM," assigned to the
assignee of the present invention and incorporated herein by reference.

In the embodiment shown in FIG. 8B, FHT element 820 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

25 by FHT element 820 is 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.

30 In the embodiment shown in FIG. 8B, the Iz and Q. samples are
provided to FHT element 820 on the same bus in alternating clock cycles.
The time division multiplexing is 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

35 the hardware such that FHT element 820 can perform decovering of both
Icor and Q.or samples. In another embodiment, the I.o; and Q.o samples
are provided in parallel to two FHT elements, with each FHT element



2 operative to receive and process inphase and quadratiire correl ated
sanples on alternating clock cycles. 20. The receiver unit of claiml18,
wher ei n tWe OBHN288| enent is 2 operative to perform decover iMJ/ugtiH3dhe or
nore Wal sh synbols of a length of 1, 2, 4, 8, 16, 32, 64, or 128. 21. The
receiver unit of claim16, wherein the synbol denodul ation 2 and conbi ner
further includes a pilot denodul ator c | ed to the decover el enent and

operative to 4 denpdul ate the decovered synbol s yrrbol s to
provi de defBalisuiesy ta\pgdpum decovigring e@éla\/é‘?SH?HPYeoPIOOGLaPFn 28, MhEcei n t he
synbol denagim d.on 2 and conbi ner further incl udes a synbol accurrul at or

coupled to the ot,denodu and 4 o erativ .
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buffer inclu | east two section on operative to store
processed synboIIgEMfJengsMcuﬁ(Ie,pg+g@g,1@étP~—ﬁ% i)ng processed and anot her
section operative to store 4 processed synbols for a prior processed packet

to be provided to the subse nal esgi el ..ndhe
recei vgr unit of claim 10, écréﬁj‘%ﬁ%}%ugﬁﬁf%ﬂg“fcggewerit%i@)e to

accunul ate the correl ated sanpl es_over a&rgg mrable time interval to
provi de pilot signal estim IQ28)—TI¢EOSF EefYer unit of claim20, wherein
the accunul ator includes 2 a plurality of accumulate elenments, each

accumul at e TeleeiERGd PRRIGEL | VﬁnHQ,pEMOSyrﬂlﬁolﬁlclaﬁﬂae&‘é@@ééseéﬁs* mate for a
parti cuI ar time offset The recel ver unit of "claim2, wherein the

controjg S oggbrMa;t:u&{)gcf?th@)Eé S a,%{d ate a timng state mChIEEﬁ ;or each

signal I nstance el ng processe The receiver unit of 7, wherein
each instanti at t at chi ne includes
DEM r(l ?gzsc; E DEC% Ta _ Eq (5)

Within demodulator 850, the decovered I, and Q. symbols are
provided (e.g., on alternating clock cycles) to latches 852a and 852c,
respectively. The output from latch 852a is further latched by a latch 852b to

15  time-align the Iz and Qg symbols. The outputs from latches 852b and 852¢
comprise complex data symbols. Similarly, the Pyand 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 852c, respectively. Each multiplier 860 performs a multiply
of one component (i.e., Iz or Qpyo) of the complex data symbol with one

25 component (ie., P, or Py) 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.



a tinme tracking | oop operative to track novenent of the signal 4 instance
bei ng processed. 29. The receiver unit of claim2, wherein the controller

i s operatWP235388 receive a timng signal and initiate proREBESMF3ON t he
segnents of digitized sanples in response to the received tining signal.

30. The receiver unit of claim?29, whergin the timng signal is 2 generated
based on a conparison val ue provided b 4he controller. 31. The receiver
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1, furtherﬂ@g@bﬁy 2 a data interface coupled to the first buffer, the

data inter Pve to receive the digitized sanples, discard
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packets o ff%r} (‘Ele—lnterleaver 234 and provided to a latch 874. A multiplexer 876
couples to latch 874 and selects either the Iy, or Qpy symbols to provide 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 Qup, symbol. The output from summer
872 comprises the accumulated (i.e., processed) Iy, or Qpro 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 I..; and
35 Qcor samples from correlator 522 are provided to a set eight decover and
accumulate elements 910a through 910h. Different number of decover and
accumulate elements 910 can be used and are within the scope of the
invention. ~ Within each decover and accumulate element 910, the
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provides the decovered samples to one input of a multiplexer 922. The
15  other input of multiplexer 922 receives respective correlated samples (i.e.,
Ieortr Icorar Qeorys OF Qcore) from correlator 522. Depending on the particular
task being performed, multiplexer 922 provides either the decovered
samples from multiplexer 922 or the correlated samples to a summer 924.
Summer 924 also receives a previously latched sample from an ADD gate
20 926, 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 control signal FLUSH/ are provided to the inputs of AND
gate 926, which provides a value of zero to summer 926 if the control signal
25 FLUSHY/ is low and the latched output if the control signal FLUSH/ is high.
The latched output from latch 930b comprises the accumulated symbol, and
is provided to one input of a 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 I.ox and Q.o 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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covered with Walsh code zero, decovering is not necessary at the receiver

unit. In the embodiment shown, accumulator 526 can be programmed to

concurrently process up to four different time offsets, with each time offset

being processed by a respective pair of decover and accumulate elements 910.

20 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

25  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

30 search for strong signal instances at multiple time offsets, and so on. In an

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 of the particular task being processed,

micro-controller 232 may further instantiate one or more additional task

35 state machines for a lower hierarchical task. Micro-controller 232 may be
configured to inform controller 240 when a particular task is completed.

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

signaling processing tasks, and other tasks are described in further detail in
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6) US. Patent Application Serial No. 08/987,172, entitled "MULTI
CHANNEL DEMODULATOR", filed December 9, 1997; and
7) US. Patent Application Serial No. 09/283,010, entitled
20 "PROGRAMMABLE MATCHED FILTER SEARCHER", filed March 31,
1999.

FIG. 10 is a block diagram 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

25 232 includes a sequencing controller 1012 couples to a counter 1014 and to
latches 1016a and 1016b. Counter 1014 and latch 1016a further couple to
latches 1016¢ and 1016d, 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

30 data bus 510 a word descriptive of the task dispatched by controller 240.
Latch 1016c receives from 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.
During execution of the task, counter 1014 counts down the designated time

35 interval and provides to sequencing controller 1012 a signal indicative of the
end of the time interval.
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used to sequence through the dispatched tasks. Each task state machine
5 provides the appropriate control signals that direct the operation of various
elements within receiver unit 200 such as, for example, buffer 224, correlator
522, symbol demodulator and combiner 524, accumulator 526, and buffer/de-
interleaver 234. The control signals sequence through various functions
and control the buffers and processing elements in order to perform the

10 dispatched task. For example, the control signals control various
multiplexers in FIG. 6C (e.g., multiplexers 612, 622, and 546) to select the
proper inputs to the multiplexers to be provided to buffer 224 and buffer/de-
interleaver 234. Sequencing controller 1012 further directs the operation of
various address generators 512 and 542 to generate the required addresses.

15 FIG. 11A is a timing diagram for the processing of data samples by
data processor 230 for a time offset of zero. In this example, two data
samples are available for each chip period and each data sample has four bits
of resolution. For each 32-bit read operation, either 16 complex IPN and
QPN samples for an 8-chip period or four complex data samples for a 2-chip

20 period can be retrieved from buffer 224.

In the first clock cycle, the complex PN samples for eight chips are
retrieved from buffer 224 and provided to latch 732 within correlator 732
(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

25  Dbuffer 224 and latched by latches 712a, 712b, 712¢, 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 corresponding to time offsets of
2.0,25, 3.0, and 3.5 are retrieved from buffer 224 and latched by latches 712a,
712b, 712¢, and 712d, respectively. In the fourth clock cycle, the data samples

30 for the first chip 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

35 clock cycles seven through ten is similar to the processing performed for
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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in the third clock cycle, the data processing is performed on the data samples
corresponding to the time offset of 1.5. Specifically, the data samples for the
time offsets of 1.5 and 2.0 are correlated by multipliers 720d and 720a,
respectively. Similarly, in the fifth clock cycle, the data samples for the time

15  offsets of 2.5 and 3.0 are correlated by multipliers 720b and 720c, respectively.
The data processing then continues in similar manner.

The receiver unit described above can be advantageously used in a
user terminal or a base station of a 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
(DRAMs), FLASH memories, or devices of other memory technologies.
Also, buffer 224 and buffer/de-interleaver 234 may also be implemented



XA 21 X

101 M 10% & ()-)1 M 10% & ()-)1L'I M 10% & ()-)I M 10% & ()-)1L' I M 10% & ()-)~
JAFI X WO 02/45288 PCT/US01/43619

101L' I M 10% & ()-)I M 109% & ()-)1L' I M 109% & ()-)I M 10% & ()-) 1L' WZu] C! X

101 M 10% & ()-)1L' & M 10% & () - ))|M100/£&() )1L' & M 10% & ()-)) I M 10% & ()
-) 234x1?1 X

101 M 10% &' 10% IM10‘V& IMl‘V& 10(V& A

= 101L((I M@%« g“?l%)s %ﬁ%feéﬁ%e%)my% |61 ;z&nme e Qle% Vn)wﬂ gOf ﬁ] )c%

1§)| M %o;?( &rédeiydl Lu’dthND0% & ()-)) I M 10% & ()-)1L' & M 10% & ()-)) I M 10% & ()
cx”

101 M 10% & () - ) FOF 109K S (P2 13PRAS ARG T 29PN &F (e) TV HiCRoR % Q) - )

e} "F! X been described specifically in the context of the forward link data
EETO R R BB R e TR

XAol used for the reverse link da ta’ transmission for ot her

-),
10l gl 10%i &cbirrrhhMcJan’é&é (systehts (8108 16)95 | DIOAL Sydtem), 1{uhé MVIETANIA() - ) yZ

{1
1011 | M 10578ePy ANAFA%% & ()-) 1L | M 10% & ()-) I M 10% & ()-) 1L >?@t S2 ¢’
&6' 10%CQ C& () - Thedfordgom 8dés)cr1 1on of the preferred ernbod1ments is provided

15 o ol o AR I o A T

1099 & () Y@m@@m@@rﬁmﬁ@e td rlpeaeuambodlsiemyqom b&be( yeadily sppesar® t®' () -

Dz%gf%%f&@%?é% Skllleﬁsﬁq‘lggﬁg%‘t E%nc? thé gﬁeﬁ {gfné 1& deﬁ%#%od%l‘éng )m%?Z@[ VU4

S#10% Q t 8Ppjiegl to gtheyogmpbpdiments witgou f thepdgygnifye sfaculty.
" &10960 & ()l“hus O%e &pfebent &iq%’@tl&n()rslm Mia@eﬂaedlois@ be ﬁﬁihﬂ%'thy&tlﬁé )M

Sov 15 () %M % gl PO i Bypiioghy secotadagny snshcobe cassptent s

'109Q & ()M‘th ithe "pRirifles ¥ad novelamlﬂee)dlsclosemmeﬂl() 5 '10%Q & ()-5'
'109%Q & ()-5 ' 109 & ()-5T" C#sSW9 ' 10%Q & ()-5 '109Q & () -5

' 109%Q & ()-5 ' 10%Q & ()-5' ' 10%Q & ()-5; #<#=#####IXX@® ' ' 10%) & ()-5
'109%Q & ()WHAMS/@I&A EEISIO%J& ()-5' ##SSINSCBREpX<9 ' 109K & ()-5'
'109Q & ()-5 '10%Q & ()-5" '10%Q & ()-5 ' 10%Q & () - 5R$$$$$$$4%E W9
'109Q & ()-5 '10%Q & ()-5' '10%Q & ()-5 '109%) & ()-5'

1109 & () - 54%6%6% BBEKX@ ' ' 10%) & ()-5 ' 109Q & ()-5' ' 10%) & ()-5
1109 & () - 5" YBBEL &HESEPX<I 109Q & ()-5' ' 109Q & ()-5 ' 109Q & ()-5'
'109Q & ()-5 ' 109Q & () - 5$&o&p&q&&&&&sV\79 1090 & ()-5 ' 109 & () -5’
'109%Q & ()-5 '10%Q & ()-5' '10%Q & ()-58& H 1'J'''xX@ ' '109%Q & ()-5
'10%Q & ()-5' ' 10%Q & ()-5 '10%Q & ()-5""' ' L("(#(pX<9 '10%Q & ()-5'
'109%Q & ()-5 '10%Q & ()-5" '10%Q & ()-5 '10%Q & ()-5#(i (j (m(((((sW9
'10%Q & ()-5 '10%Q & ()-5' '10%) & ()-5 '10%) & ()-5 '10%Q & ()-5((())



YUV XX@ ' ' 10%Q & 10%3&() 5 ' 10%Q & ()-5

()-5
109Q & ()-5"V)W)))))) pX< 109%Q & ()-5" '10%Q & ()-5 "109Q & () -5
1006 & (WoB2HTBIY & () - )***WX* Y**SWO ' 10%Q & ()-5 ' POMY1LIAT'
" 10% & ()-5 ' 10%J & ()-5' ' 10%J & ()-5*******xxdC 3"10%" & ()-

10%' & ()- &10%' & () - 1OQ 10Q 10Q 10%3 & ()-5'*+7-./12|[: dC
AF10%' & ()-5 - F 10%' & ()-5 T F 10 & ()-5 ~° FlO%a&() 5 P. F 10% e’
& ()-5 YF 10%' & ()-524 5!5" 5#50595&26% 109R & ()- "&IOWR & ()-
&LOUR & () - 10&e' &10&e' &108¢e' & | §) 5 ¢ F 10%' & ()-5A5
6" 6D667M| [ : vU4 VY 109& ()-& Ca#loWR & ()- ia#loWR & ()- 109R & ()-
Y 109R & ()- A" 10%R & ()-fM788/99C |[:vUA ~ OY 10%R +& ()-&
Y 10%R & () & "Y10%R'& ()-&, Y 100R & ()-& " Y 10%R +& ()-& F
Y 10%5& ()-&C 1) A reediyewvurit in a Wmﬂém@&r(l)m@atlom syeIR, céiprisingY
0Y' 10% & ,
oy 100 B & ) %(r ﬁ%(ﬁ”{ﬁ é‘%eltgfli’éugcp %ﬁ%lﬁﬁ%%(t?m digitizedeapples at a
S100R & ()par vdwirsagnple. nd10CR C10CR C Y 10%CR C& () - &—>>/9 2c?@[ : vUs
Y109 & ()-& afd%%r&eégor co léclthé first bufiiér %&Q}@r&t&é tol FetMel2%
& ()- 51 M 10042 & @ECODJE4F OV, L0WR & ()- & < Y 100 & ()-&
Y 109R & iebgn&en S~ 1 ?al&lp f{@% |§h'}3 &fn(s)t Agu er ‘and to process the
"Y' 10936 & Kerri8¥iédrisel G@ﬂtklls%th K paficulér (spt of pAr&dewe &a](u)es WH&% &hee) -

51" 100 & %@F%r%%%ﬁ% %vaﬁv%a%%@s%e( ¥ 8%5%0%8@5%18& Hoyng, ¢ raadericy” >
F*° 1 1086 it is Bid@rabaqubessmple ragl0%:’ & () - S10%' & ()-

010%' & ()-107 1077107 1" 109%" & ()-5 T | 10%" & ()-SIQnRIe) VN[ : v
YOF 10% & ()-3, T.F 10% & ()3 I 5 l0ve & ()3 10%" & ()-

“F 10%' & () - 3 k' Theogeceivey nwmfvzlﬁrp[lm fypiher comprising:

&109%#80 () - 10" ea ‘cdftr@lled Qidkipled fo tht08GR pl&)cééso% dhd-opeateve &o(dlsﬁatch

;15%1(2(?() Q( 3%85&#?% pro@@ﬁﬁ%[ M] L)Locess éﬁ%l% (F kfrom (t%\e data

10%#& 4) - procebsue| [ : bU4 @#loo/d'k#T& ()-s S0@O%#& ()- @
#109°k#P& () - @#10%:k#F&' ()-  @#ALI0UKK#KE ()- ~ @#L10%&' () - eeeceeeeezfvh
Y (109%9&& () -5 "&IOMR & ()- fF1OMR & ()- &1O0WMR & ()- 10YK#YIOYK#YLOYK#Y

S @#10%rk#Y&' ()3sdhegier@ives unitlef clainy 2 mb@r&@ (the &oanlllem%&@e(r?tlse Yo

10%7&0& Y (10W&& ()-5
<(J*p+ﬁ2§2p %ﬁeép@rozeéégg%m‘%mén{sl%%lw FodohpRs, &(() e bratze

(109%28&& ()-5 °
4. The receiver unit of claim 2, wherein the controller is operative to
2 perform pilot processing and time tracking for each signal instance being

processed.

5. The receiver unit of claim 2, wherein the controller is operative to
2 perform lock detection of each signal instance being processed.

6. The receiver unit of claim 2, wherein the controller is operative to
2 perform frequency tracking of the digitized samples.

7. The receiver unit of claim 1, further comprising:
2 a receiver operative to receive and process a transmitted signal to
provide the digitized samples.

8. The receiver unit of claim 1, wherein the data processor includes
2 a correlator operative to despread the retrieved segments of digitized
samples with corresponding segments of PN despreading sequences to
4 provide correlated samples,
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: to receive and scale respective despread samples with a particular gain to
4 generate scaled samples, and
one or more summer, each summer coupled to a respective pair of
6 scaling elements and operative to receive and sum the scaled samples from

the pair of scaling elements to generate the interpolated samples.
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19. The receiver unit of claim 18, wherein the FHT element is
2 operative to receive and process inphase and quadrature correlated samples
on alternating clock cycles.

20. The receiver unit of claim 18, wherein the FHT element is
2 operative to perform decovering with one or more Walsh symbols of a
length of 1, 2, 4, 8, 16, 32, 64, or 128.

21. The receiver unit of claim 16, wherein the symbol demodulation
2 and combiner further includes
a pilot demodulator coupled to the decover element and operative to
4 demodulate the decovered symbols with pilot symbols to provide
demodulated symbols.

22. The receiver unit of claim 21, wherein the syi'nbol demodulation
2 and combiner further includes
a symbol accumulator coupled to the pilot demodulation and
4 operative to accumulate the demodulated symbols from multiple signal
instances to provide the processed symbols.

23. The receiver unit of claim 11, wherein the second buffer is
2 operative to provide the processed symbols to a subsequent signal processing
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28. The receiver unit of claim 27, wherein each instantiated timing
2 state machine includes

a time tracking loop operative to track movement of the signal
4 instance being processed.

29. The receiver unit of claim 2, wherein the controller is operative
2 toreceive a timing signal and initiate processing of the segments of digitized
samples in response to the received timing signal.

30. The receiver unit of claim 29, wherein the timing signal is
2 generated based on a comparison value provided by the controller.

31. The receiver unit of claim 29, wherein the timing signal is
2 indicative of a particular number of digitized samples having been stored to
the first buffer.
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a set of latches operative to latch a d1spatched task and one or more
4 parameter values to be applied for the dispatched task,
at least one counter, each counter coupled to a respective latch and
6 operative to provide an indicator signal based on a value stored in the latch,
and
8 a sequencing controller operative to receive at least one indicator
signal and the dispatched task and to generate the set of control signals.

36. The receiver unit of claim 1, further comprising:
2 a data interface coupled to the first buffer, the data interface operative
to receive the digitized samples, discard unnecessary samples, and assemble
4 the samples into words suitable for efficient storage to the first buffer.

37. The receiver unit of claim 1, wherein a word of 32 bits or more is
2 written to the first buffer or read from the first buffer for each buffer access.

38. The receiver unit of claim 1, wherein the first buffer is operative
2 to store two or more packets of digitized samples.

39. The receiver unit of claim 1, wherein the first buffer is further
2 operative to store PN samples used for despreading the digitized samples.



ql 2| [: VU410 v. ("10% & ()-e- . ("10% & ()-e-  &y1l0% & ()-

T 10983& ()-° C"10% & ()-° " "109& ()- 2Pxyz{vU410 10%& ()-
810948 ()WOMHIBE<10<< 088" 10%<& ()- | &8"10%&& ()-  PCT/USHI/A3619
hL3' 1098+ A& ()-P |[:vU410 " g#HIO%& ()-@ gHL0%E& ()-@h f"1096B#5& () -

CEr10wm& ()-  {fU109%t& ()- " 10%H& ()-]&14:VU410 % g#10%+t& () - @
oK) 0 [OEE0 0 NS 6 OO0 e g

g - ; A i - 9 @, -

| gHL0%E ()- @ i@#iﬁv&cetﬁe@um@m% an(g m@%mul'(tméﬁgnrﬁ nees of ’“ﬁﬁea_di ng
gg} C, . peadinlendl eaditcdiba | by HeadéviagSahd pibiaadingg seghehts Hemdi ng

. au ar agr ap

Font *' " 2L: %@kﬁ?%%@%@@}ﬁﬁrﬁ%&g@&m [a 4*JKy ~cy M!IIT";
HHRSAVIBEE #( (V) ) ** 2ASMIC: <=@FHN1QW _ezf mKpvz" YbkOz@ ?

S, 3500 QAR E R S (0t IR TR o

New Ron@nAvahie€dapregravemabl®oot Ent r yWsr dDocument y
| " #$9&' () *+, - . / 0123456789: ;

<=>? @\BCDEFCHI JKLMNOPORSTUWWKYZ[ \ ] * " abcdef ghi | kI rmopqr st uvwxyz{]| } ~
K #$%- ()*+, -1 éa.ngg%gi_v;er uni& (;f Claim 1, wlgl]erelm the spac}npie rateyis{tlvéice a

<=>7 @\BEDELH FHtk MICRRRSIMMWKYedtidr s syabaelef ghi j kI mopar st uvwxyz{]| } ~

43. The receiver unit of claim 1, wherein the frequency of the
2 processing clock is at least ten times higher than the sample rate.

44. The receiver unit of claim 1, wherein the wireless
2 communications system is a high data rate (HDR) CDMA system.

45. A user terminal in a spread spectrum communications system
2 comprising the receiver unit of claim 1.

46. A base station in a spread spectrum communications system
2 comprising the receiver unit of claim 1.

47. A receiver unit in a wireless communications system,
2  comprising:
a receiver operative to receive and process a transmitted signal to
4 provide digitized samples at a particular sample rate;
a first buffer coupled to the receiver and operative to receive and store
6 the digitized samples;
a data processor coupled to the first buffer and operative to retrieve
8 segments of digitized samples from the first buffer and to process the
retrieved segments with a particular set of parameter values, wherein the
10 data processor is operated based on a processing clock having a frequency
that is higher than the sample rate, and wherein the data processor includes
12 a correlator operative to despread the retrieved segments of
digitized samples with corresponding segments of PN despreading
14 sequences to provide correlated samples,
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a symbol demodulation and combiner coupled to the correlator
and operative to receive and process the correlated samples to
provide processed symbols,

a second buffer coupled to the symbol demodulation and
combiner and operative to store the processed symbols, and

an accumulator coupled to the correlator and operative to
receive and process the correlated samples to provide accumulated
results; and
a controller coupled to the data processor and operative to dispatch

tasks for the data processor and to process the accumulated results from the
data processor.

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

receiving, processing, and digitizing a transmitted signal to provide
digitized samples at a particular sample rate;

buffering the digitized samples in a first buffer;

retrieving segments of digitized samples from in the first buffer; and

processing the retrieved segments with a particular set of parameter
values, wherein the processing is performed based on a processing clock
having a frequency that is higher than the sample rate.

49. The method of claim 48, wherein the processing includes

despreading the retrieved segments of digitized samples with
corresponding segments of PN despreading sequences to provide correlated
samples. |

50. The method of claim 49, wherein the processing further includes
decovering the correlated samples with one or more channelization
codes to provide decovered symbols.

51. The method of claim 50, wherein the processing further includes
demodulating the decovered symbols with pilot symbols to provide
demodulated symbols.

52. The method of claim 51, wherein the processing further includes
accumulating the demodulated symbols from multiple signal
instances to provide processed symbols.
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53. The method of claim 48, wherein the sample rate is 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.

54. A method for processing a received signal in a wireless
communications system, the method comprising:
receiving, processing, and digitizing a transmitted signal to provide
digitized samples at a particular sample rate;
buffering the digitized samples in a first buffer;
retrieving segments of digitized samples from the first buffer;
processing the retrieved segments with a particular set of parameter
values, wherein the processing is performed based on a processing clock
having a frequency that is higher than the sample rate, and wherein the
processing includes
despreading the retrieved segments of digitized samples with
corresponding segments of PN despreading sequences to provide
correlated samples,
decovering the correlated samples with one or more
channelization codes to provide decovered symbols,
demodulating the decovered symbols with pilot symbols to
provide demodulated symbols, and
accumulating the demodulated symbols from multiple signal
instances to provide processed symbols.



