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(57) ABSTRACT 

The present invention is a method and apparatus for detect 
ing the presence of or acquiring a signal in a data stream, 
Where the signal has been spread using a pseudonoise 
sequence. The method comprises the steps of delaying a 
pseudonoise sequence by a plurality of predetermined delays 
to produce a plurality of delayed pseudonoise sequences, 
combining each of the delayed pseudonoise sequences With 
the data stream to produce a plurality of despread data 
streams, and accumulating each of the despread data streams 
for a preselected duration to produce a plurality of coherent 
sums. Each of the coherent sums are accumulated for a 

further duration to produce a plurality of non-coherent sums. 
The non-coherent sums are examined to determine the most 
likely PN offset hypothesis. 9, 1998. 
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USER TERMINAL PARALLEL SEARCHER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present Application for Patent is a continuation 
of patent application Ser. No. 09/390,453 entitled “User 
Terminal Parallel Searcher” ?led Sep. 7, 1999, pending, 
Which claims priority to Provisional Patent Application No. 
60/099,639, ?led Sep. 9, 1998, and assigned to the assignee 
hereof and hereby expressly incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

[0002] I. Field of the Invention 

[0003] The present invention relates generally to multiple 
access spread-spectrum communication systems and net 
Works. More speci?cally, the present invention relates to a 
method and apparatus for acquiring signals in such systems. 

[0004] II. Description of the Related Art 

[0005] In general, Wireless communications systems can 
be terrestrial or satellite-based. An eXamplary terrestrial 
Wireless communications system includes at least one ter 
restrial base station and at least one user terminal (for 
eXample, a mobile telephone). The base station provides 
links from a user terminal to other user terminals or com 

munications systems, such as a terrestrial telephone system. 
An eXamplary satellite-based Wireless communications sys 
tem includes at least one terrestrial base station (hereinafter 
referred to as a gateWay), at least one user terminal (for 
eXample, a mobile telephone), and at least one satellite for 
relaying communications signals betWeen the gateWay and 
the user terminal. The gateWay provides links from a user 
terminal to other user terminals or communications systems, 
such as a terrestrial telephone system. Some of these Wire 
less communication systems employ spread spectrum tech 
niques. 
[0006] In a typical spread-spectrum communications sys 
tem, a set of preselected pseudorandom noise (PN) code 
sequences is used to modulate (i.e., “spread”) information 
signals over a predetermined spectral band prior to modu 
lation onto a carrier signal for transmission as communica 
tions signals. PN spreading, a method of spread-spectrum 
transmission that is Well knoWn in the art, produces a signal 
for transmission that has a bandWidth much greater than that 
of the data signal. In a satellite forWard communications link 
(that is, in a communications link originating at a gateWay 
and terminating at a user terminal), PN spreading codes are 
used to discriminate betWeen signals transmitted by a gate 
Way over different beams, and to discriminate betWeen 
multipath signals. These PN codes are usually shared by all 
communications signals Within a beam. 

[0007] In an eXamplary CDMA spread-spectrum system, 
“channeliZing” codes are used to discriminate betWeen sig 
nals intended for particular user terminals (hereinafter 
referred to as “traf?c signals”) transmitted Within a satellite 
beam or sub-beam on the forWard link. The channeliZing 
codes form orthogonal channels in a subbeam over Which 
communication signals are transferred. That is, a unique 
orthogonal channel is provided for each user terminal on the 
forWard link by using a unique “channeliZing” or covering 
orthogonal code to modulate signals intended for that user 
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terminal. Walsh functions are generally used to implement 
the channeliZing codes, also knoWn as Walsh codes or Walsh 
sequences, With a typical length being on the order of 64 
code chips for terrestrial systems and 128 code chips for 
satellite systems. 

[0008] Typical CDMA spread-spectrum communications 
systems contemplate the use of coherent modulation and 
demodulation for forWard link user terminal communica 
tions. In communications systems using this approach, a 
“pilot” carrier signal (hereinafter referred to as a “pilot 
signal”) is used as a coherent phase reference for forWard 
links. That is, a pilot signal, Which contains no data modu 
lation, is transmitted by a gateWay throughout a region of 
coverage. Asingle pilot signal is usually transmitted by each 
gateWay for each beam used for each frequency used. These 
pilot signals are shared by all user terminals receiving 
signals from the gateWay on a given beam. 

[0009] Pilot signals are used by user terminals to obtain 
initial system synchroniZation and for time, frequency, and 
phase tracking of other signals transmitted by the gateWay. 
Phase information obtained from acquiring and tracking a 
pilot signal is used as a carrier phase reference for coherent 
demodulation of other system signals or traf?c signals. This 
technique alloWs many signals to share a common pilot 
signal as a phase reference, providing for a less costly and 
more ef?cient tracking mechanism. In addition to pilot 
signals, there are other shared resources such as paging and 
synchroniZation signals used to transmit system overhead 
information and speci?c messages to user terminals. 

[0010] Because a pilot signal usually does not involve data 
modulation, a spread-spectrum pilot signal can be charac 
teriZed as a carrier signal modulated by a PN spreading code. 
In one approach, all pilot signals Within a communications 
system use the same PN spreading code or set of codes, but 
each beam uses a different relative code timing offset. This 
provides signals that can be readily distinguished from each 
other While providing simpli?ed acquisition and tracking. In 
another approach, each pilot signal can be generated using 
a different PN code. 

[0011] CDMA systems require rapid and accurate acqui 
sition of the timing of the pilot PN sequence. The timing of 
the PN sequence must be knoWn accurately in order to 
obtain information from modulated signals. The acquisition 
of this timing must be rapid to avoid delaying the acquisition 
of communication signals or establishing communication 
links Which could unacceptably frustrate system users. 

[0012] The search process involves generating timing 
hypotheses and testing each hypothesis to ascertain Which 
provides the most likely or best match to the signal timing, 
sometimes referred to as ?nding the “correct” hypothesis. 
One common design objective, hoWever, is to reduce the 
complexity and cost of the user terminal. Therefore, a 
minimum amount of resources may be provided, including 
circuitry or processing capability. For this reason, some 
conventional searchers test the hypotheses serially, elimi 
nating each less likely or incorrect hypothesis before testing 
the neXt. HoWever, this approach is also very time-consum 
ing, potentially delaying signal acquisition an unacceptable 
amount. 

[0013] Another conventional approach is to test the 
hypotheses in tWo stages. In the ?rst stage, the least likely 
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hypotheses are eliminated. In the second stage, each remain 
ing hypothesis is tested serially. While this approach 
requires less time than the single-stage approach described 
above, it is still very time-consuming. 

[0014] What is needed is a technique and apparatus to 
rapidly test hypothesis and quickly acquire pilot, and, there 
fore, other communication signals. 

SUMMARY OF THE INVENTION 

[0015] In one aspect the present invention provides a user 
terminal parallel searcher comprising a pseudonoise (PN) 
code generator for generating at least one pseudonoise 
sequence, a plurality of slices or slice processing elements, 
and a non-coherent accumulator that accumulates the output 
of each slice non-coherently to produce a non-coherent sum 
for each slice. Each slice includes a delay unit for delaying 
the pseudonoise sequence by a predetermined chip time, a 
despreader for operating on a data stream as a function of a 
previously delayed pseudonoise sequence, and at least one 
coherent accumulator for coherently accumulating an output 
of the despreader. An output from the pseudonoise generator 
is coupled to an input of the of the ?rst slice. Each slice 
receives an output from the delay unit of the previous slice. 

[0016] In another aspect, the present invention provides a 
method for detecting the presence of a signal in a data 
stream, Where the signal has been spread using a pseud 
onoise sequence. The method comprises the steps of delay 
ing a pseudonoise sequence by a plurality of predetermined 
delays to produce a plurality of delayed pseudonoise 
sequences, combining each of the delayed pseudonoise 
sequences With the data stream to produce a plurality of 
despread data streams, and accumulating each of the 
despread data streams for a duration to produce a plurality 
of coherent sums. 

[0017] One advantage of the present invention is that it 
permits a receiver to search many PN offsets simultaneously, 
thereby reducing overall signal acquisition time. The inven 
tion also alloWs a receiver to search over multiple PN codes, 
multiple orthogonal codes or pilot channels, and multiple 
frequency ranges, each of Which provides receiver With 
increased ?exibility and usefulness, especially for advanced 
communication system designs. This process is not 
adversely affected by the presence of an outer code in 
multi-layered code environments. 

[0018] Another advantage of the present invention is that 
it reduces the amount of resources required to perform 
non-coherent accumulation and other operations in a 
searcher receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The features and advantages of the present inven 
tion Will become more apparent from the detailed descrip 
tion set forth beloW When taken in conjunction With the 
draWings in Which like reference characters identify corre 
spondingly throughout and Wherein: 

[0020] FIG. 1 illustrates an exemplary Wireless commu 
nication system in Which the present invention is useful; 

[0021] FIG. 2 illustrates an exemplary transceiver for use 
in a user terminal; 
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[0022] FIG. 3 is a block diagram depicting the architec 
ture of a searcher receiver according to a preferred embodi 
ment of the present invention; 

[0023] FIG. 4 is a block diagram depicting the architec 
ture of a searcher processing element according to a pre 
ferred embodiment of the present invention; 

[0024] FIG. 5 is a block diagram depicting the architec 
ture of a slice processing element according to a preferred 
embodiment of the present invention; 

[0025] FIG. 6 is a block diagram depicting the architec 
ture of a non-coherent accumulator according to a preferred 
embodiment of the present invention; 

[0026] FIG. 7 is a ?oWchart depicting the search process 
of the present invention according to a preferred embodi 
ment; 

[0027] FIG. 8 is a ?oWchart describing the operation of 
the present invention in searching the PN offset dimension 
of a search space for a data stream according to a preferred 

embodiment; and 

[0028] FIG. 9 illustrates the relative timing of signals and 
signal processing steps including the application of sleWing 
to alloW processing of multiple sets of code offsets. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] I. Introduction 

[0030] The present invention is a system and method for 
quickly and accurately acquiring a signal, such as the pilot 
signal, in a spread-spectrum communications system. More 
speci?cally, the present invention identi?es the pseudonoise 
sequence (also referred to as a “PN code”) and particular 
timing offset of the PN code that Was used to spread the 
signal prior to its transmission, along With the pilot orthogo 
nal channel code, Walsh sequence, assignment, and a course 
estimate of the Doppler frequency offset. When the timing 
offset (also referred to as a “PN offset”) has been deter 
mined, it is used in conjunction With the PN code to despread 
signals. 
[0031] The present invention is particularly suited for use 
in communications systems employing loW Earth orbit 
(LEO) satellites. HoWever, as Would be apparent to one 
skilled in the relevant art, the present invention can also be 
applied to other types of communications systems Where the 
length of time for signal acquisition is an important factor. 
Before discussing the embodiments of the present invention, 
a typical environment in Which the invention can operate is 
presented. 

[0032] 
[0033] An exemplary Wireless communication system in 
Which the present invention is useful is illustrated in FIG. 1. 
It is contemplated that this communication system uses code 
division multiple access (CDMA) type communication sig 
nals, but this is not required by the present invention. In a 
portion of a communication system 100 illustrated in FIG. 
1, one base station 112, tWo satellites 116 and 118; and tWo 
associated gateWays or hubs 120 and 122 are shoWn for 
effecting communications With tWo remote user terminals 
124 and 126. Typically, the base stations and satellites/ 
gateWays are components of separate communication sys 

II. A Typical Wireless Communications System 
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tems, referred to as being terrestrial- and satellite-based, 
although this is not necessary. The total number of base 
stations, gateways, and satellites in such systems depends on 
desired system capacity and other factors Well understood in 
the art. 

[0034] User terminals 124 and 126 each include a Wireless 
communication device such as, but not limited to, a Wireless 
telephone, a data transceiver, or a paging or position deter 
mination receiver, and can be hand-held, mobile or vehicle 
mounted, or ?xed station units or vehicle-mounted as 
desired. A typical hand held unit is similar in design to a 
conventional cellular phone. In a preferred embodiment, the 
hand held unit can communicate With terrestrial cellular 
netWorks as Well as With satellites 116 and 118. A typical 
mobile user terminal includes a hand set and a car kit, that 
provides battery poWer, a higher RF poWer output and a 
higher gain antenna. Fixed station units communicate With 
satellite 102, but typically not With other terrestrial cellular 
netWorks. The ?xed station units are generally used to serve 
areas that are not served by terrestrial cellular or Wireline 
netWorks. 

[0035] Generally, beams from satellites 116 and 118 cover 
different geographical areas in prede?ned patterns. Beams at 
different frequencies, also referred to as FDM signals, 
CDMA channels in a CDMA system, or “sub-beams,” can 
be directed to overlap the same region. It is also readily 
understood by those skilled in the art that beam coverage or 
service areas for multiple satellites, or antenna patterns for 
multiple base stations, might be designed to overlap com 
pletely or partially in a given region depending on the 
communication system design and the type of service being 
offered, and Whether space diversity is being achieved. 

[0036] Avariety of multi-satellite communication systems 
have been proposed With an eXemplary system employing 
on the order of 48 or more satellites, traveling in eight 
different orbital planes in LEO orbits for servicing a large 
number of user terminals. HoWever, those skilled in the art 
Will readily understand hoW the teachings of the present 
invention are applicable to a variety of satellite system and 
gateWay con?gurations, including other orbital distances 
and constellations, or base stations. 

[0037] In FIG. 1, some possible signal paths are illustrated 
for communications being established betWeen user termi 
nals 124 and 126 and base station 112, or through satellites 
116 and 118, With gateWays 120 and 122. The base station 
user terminal communication links are illustrated by lines 
130 and 132. The satellite-user terminal communication 
links betWeen satellites 116 and 118, and user terminals 124 
and 126 are illustrated by lines 140, 142, and 144. The 
gateWay-satellite communication links, betWeen gateWays 
120 and 122 and satellites 116 and 118, are illustrated by 
lines 146, 148, 150, and 152. GateWays 120 and 122, and 
base station 112, may be used as part of one-Way or tWo-Way 
communication systems, or simply to transfer messages or 
data to user terminals 124 and 126. 

[0038] An eXemplary transceiver 200 for use in a user 
terminal 124 or 126 is illustrated in FIG. 2. Transceiver 200 
uses at least one antenna 210 for receiving communication 
signals, Which are transferred to an analog receiver 214, 
Where they are doWnconverted, ampli?ed, and digitiZed. A 
dupleXer element 212 is typically used to alloW the same 
antenna to serve both transmit and receive functions. HoW 
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ever, some systems employ separate antennas for operating 
at different transmit and receive frequencies. 

[0039] The digital communication signals output by ana 
log receiver 214 are transferred to at least one digital data 
receiver 216A and at least one searcher receiver 218. Addi 
tional digital data receivers 216B-216N can be used to 
obtain desired levels of signal diversity, depending on an 
acceptable level of user terminal cost or complexity, as 
Would be apparent to one skilled in the relevant art. The 
digital receivers are generally referred to as “?ngers” Which 
form a “rake” receiver. Each ?nger is capable of tracking, 
uncovering, and demodulating an incoming signal. 

[0040] At least one user terminal control processor 220 is 
coupled to digital data receivers 216A-216N and searcher 
receiver 218. Control processor 220 provides, among other 
functions, basic signal processing, timing, poWer and hand 
off control or coordination, and selection of frequency used 
for signal carriers. Another basic control function often 
performed by control processor 220 is the selection or 
manipulation of pseudonoise (PN) code sequences or 
orthogonal functions to be used for processing communica 
tion signal Waveforms, and their respective timing, as dis 
cussed further beloW. Signal processing by control processor 
220 can include a determination of relative signal strength 
and computation of various related signal parameters. Such 
computations of signal parameters, such as timing and 
frequency may include the use of additional or separate 
dedicated circuitry to provide increased ef?ciency or speed 
in measurements or improved allocation of control process 
ing resources, as Would be understood by one skilled in the 
art. 

[0041] The outputs of digital data receivers 216A-216N 
are coupled to digital baseband circuitry 222 Within the user 
terminal. User digital baseband circuitry 222 comprises 
processing and presentation elements used to transfer infor 
mation to and from a user terminal user. That is, signal or 
data storage elements, such as transient or long term digital 
memory; input and output devices such as display screens, 
speakers, keypad terminals, and handsets; A/D elements, 
vocoders and other voice and analog signal processing 
elements; etc., all form parts of the user digital baseband 
circuitry 222 using elements Well knoWn in the art. If 
diversity signal processing is employed, user digital base 
band circuitry 222 can comprise at least one diversity 
combiner and decoder. Some of these elements may also 
operate under the control of, or in communication With, 
control processor 220. 

[0042] When voice or other data is prepared as an output 
message or communications signal originating With the user 
terminal, user digital baseband circuitry 222 is used to 
receive, store, process, and otherWise prepare the desired 
data for transmission. User digital baseband circuitry 222 
provides this data to a transmit modulator 226 operating 
under the control of control processor 220. The output of 
transmit modulator 226 is transferred to a poWer controller 
228 Which provides output poWer control to a transmit 
poWer ampli?er 230 for ?nal transmission of the output 
signal from antenna 210 to a gateWay. 

[0043] Digital receivers 216A-N and searcher receiver 
218 are con?gured With signal correlation elements to 
demodulate or track speci?c signals. Searcher receiver 218 
is used to search for pilot signals, or other relatively ?Xed 
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pattern strong signals, While digital receivers 216A-N are 
used to demodulate other signals associated With detected 
pilot signals. Therefore, the outputs of these units can be 
monitored to determine the energy in, or frequency of, the 
pilot signal or other signals. These receivers also employ 
frequency tracking elements that can be monitored to pro 
vide current frequency and timing information to control 
processor 220 for signals being demodulated. 

[0044] The preferred embodiment of the invention is dis 
cussed in detail beloW. While speci?c steps, con?gurations 
and arrangements are discussed, it should be understood that 
this is done for illustrative purposes only. Aperson skilled in 
the relevant art Will recogniZe that other steps, con?gura 
tions and arrangements can be used Without departing from 
the spirit and scope of the present invention. The present 
invention could ?nd use in a variety of Wireless information 
and communication systems, including those intended for 
position determination. Apreferred application is in CDMA 
Wireless spread spectrum communication systems for tele 
phone service. 

[0045] 
[0046] FIG. 3 is a block diagram depicting the architec 
ture of searcher receiver 218 according to a preferred 
embodiment of the present invention. Searcher receiver 218 
includes decimator 302, rotator or complex rotator 304, 
searcher processor or engine 306, also referred to simply as 
a searcher, threshold detector 308, orthogonal (Walsh) code 
generator 310, pseudonoise (PN) code generator 312, accu 
mulator controller 314, and multipliers or combiners 316A 
and 316B. Analog receiver 214, clock/timing unit 252, and 
control processor 220 are shoWn for reference. 

III. Searcher Receiver 

[0047] As mentioned above, digital communication sig 
nals output by analog receiver 214 are transferred to 
searcher receiver 218. In a preferred embodiment, these 
signals include an in-phase (also referred to as “I-channel”) 
signal and a quadrature (also referred to as “Q-channel”) 
signal. These signals are received by decimator 302. In a 
preferred embodiment, the digitiZation of the communica 
tions signals by analog receiver 214 results in a digital signal 
that is oversampled, With eight times oversampling being 
typical. That is, the resulting I-channel and Q-channel sig 
nals each contain eight samples per code chip element. 
Decimator 302 selects tWo of each of the eight samples for 
further processing. In a preferred embodiment, the selected 
samples are separated in time by one-half of a chip period. 
A chip period is the duration of one binary sequence 
element, similar to a binary bit, of the PN sequence. There 
fore, the PN code is timed or clocked at a preselected chip 
or “chipping” rate referred to as chipx1, While the over 
sampled data has a corresponding clock rate of chipx8, as is 
discussed further beloW. 

[0048] The selected samples are passed to rotator 304. 
Rotator 304 removes frequency error based on a frequency 
estimate by applying a phase rotation to the input signals. 
Complex rotator 304 also provides the four frequency 
adjusted samples to searcher 306. These samples are col 
lectively referred to as the “data stream,” and are labeled in 
FIG. 3 as I ON-TIME and I LATE for the I-channel signals, 
and Q ON-TIME and Q LATE for the Q-channel signals. 

[0049] In a preferred embodiment, the frequency estimate 
used by the rotator is produced by the searcher controller or 
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control processor based on a set of frequency estimates 
designed or preselected to cover the entire Doppler or 
frequency shift range of interest for the communication 
system, as Would be understood by those skilled in the art. 
Other knoWn circuit elements or con?gurations can be 
employed to generate a frequency estimate Without depart 
ing from the spirit and scope of the present invention. It can 
be seen that the decimation and rotation are accomplished in 
the same manner as typically used in the ?ngers or digital 
receivers. 

[0050] By varying the frequency estimate, the present 
invention can be used to search the frequency dimension of 
a desired search space in trying to acquire one or more 
signals. The use of the complex rotator also alloWs searching 
over different frequency ranges, if desired, for example due 
to extreme Doppler shifts, or to compensate for error or drift 
in the local (UT) oscillator used for establishing timing and 
clock signals. 

[0051] PN code generator 312 provides three signals based 
on timing information received from clock/timing unit 252. 
TWo of these signals are PN code sequences or local copies 
of the PN codes to be used. In a preferred embodiment, a 
sequence is provided for each of the I and Q channels. In 
FIG. 3, these sequences are labeled “PNI” and “PNQ” 
respectively. The third signal is a timing or synchroniZation 
signal, labeled “SYNC” in FIG. 3, that provides information 
describing the state of the PN sequences to searcher 306. 
This information is used to control the operation of accu 
mulators or other elements Within searcher 306, as described 
in detail beloW. 

[0052] In a preferred embodiment, PN code generator 312 
is programmable, that is, the polynomial used to generate 
codes is programmable or alterable. The control processor 
can select different codes or different polynomials used in 
generating the PN codes, and can control the timing of, and 
interrupt or suspend, the generation process, as discussed 
later. This alloWs the searcher to quite ?exibly search 
different PN codes and code spaces Which is very useful in 
some communication systems. For example, in the exem 
plary satellite communication system, the satellites may 
each be “assigned” different PN codes, With some reuse 
alloWed Within each orbital plane (in vieW constraints), to 
assist in distinguishing Which satellite a given signal or 
beam originates from. Alternatively or additionally, gate 
Ways and base stations may use different PN codes in 
pre-selected patterns or plans. The present invention readily 
accommodates and takes advantage of such PN code 
schemes. 

[0053] Orthogonal code generator 310 provides one or 
more Walsh code sequences. In one embodiment, the same 
Walsh code sequence is provided for both the I and Q 
channels. In another embodiment, different Walsh code 
sequences are provided for each of the I and Q channels. 
Multipliers or combiners 316A and 316B combine the Walsh 
code sequences With the I and Q PN sequences, respectively. 
In some systems modulo-2 addition is used to achieve this 
operation. The combined signals, also referred to herein as 
PN sequences, are provided to searcher 306. In FIG. 3, these 
signals are labeled “PNIl” and “PNQl.” 

[0054] By being able to vary or select the orthogonal or 
Walsh code sequence being used, the present invention can 
be used to search the channel or pilot code dimension of the 
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search space. That is, varying the Walsh code checks for 
correlation across those codes selected or used in generating 
channeliZed signals. When a Walsh code or channel other 
than code 0 (W0) is used, the controller can easily specify 
the Walsh code or channel to use. This can happen for 
example Where tWo gateWays share a single beam, and each 
needs a different pilot code to use in communication. This 
application of the orthogonal code generator alloWs search 
ing on any Walsh channel and not just a single ?xed one. 
Therefore, the invention can accommodate systems using 
multiple pilot channels or different pilot channels in different 
parts of the system. 

[0055] The orthogonal code can be also applied to the 4 bit 
data stream in a typical manner, but application to the PN 
spreading/despreading code Which is then used With the data 
stream is generally equivalent for pilot searching, and 
reduces hardWare complexity. 

[0056] Based on the data stream, the PN sequences, and 
the accumulator control signals, searcher 306 generates 
multiple hypothetical timing offsets (hypotheses) for the PN 
sequences. For each hypothesis, searcher 306 performs a 
correlation betWeen the data stream and the PN sequence, 
offset by the hypothetical timing offset, to produce a pair of 
non-coherent sums (also referred to as “correlation results”). 
This process is described in detail beloW. Each non-coherent 
sum is related to the net energy received in the despread data 
stream. A large sum indicates a large amount of net energy, 
Which indicates that the PN offset used to produce that sum 
is most likely a correct or appropriate timing hypothesis. 

[0057] Searcher 306 passes each non-coherent sum to 
threshold detector 308. Threshold detector 308 receives a 
threshold from control processor 220. The threshold is 
selected according to methods Well-known in the art. Dis 
cussions of the use of such thresholds in signal acquisition 
can be found, for example, in US. Pat. No. 5,644,591, 
issued Jul. 1, 1997, entitled “Method And Apparatus For 
Performing Search Acquisition In A CDMA Communication 
System,” and US. Pat. No. 5,577,025, issued Nov. 19, 1996, 
entitled “Signal Acquisition In A Multi-User Communica 
tion System Using Multiple Walsh Channels,” Which are 
incorporated herein by reference. 

[0058] Threshold detector 308 compares each non-coher 
ent sum to the threshold. When a non-coherent sum exceeds 
the threshold, the PN offset associated With the non-coherent 
sum is determined to be a correct hypothesis, and is sent or 
transferred to control processor 220. In one embodiment, 
threshold detector 308 generates an interrupt to inform 
control processor 220 that a non-coherent sum has exceeded 
the threshold. The PN offset can then be used to demodulate 
the data stream. 

[0059] Alternatively, threshold detector 308 stores or 
accumulates a predetermined number of the largest non 
coherent sums found during the search and maintains a 
dynamically sorted list of the sums (and associated offsets) 
that passed the threshold in the currently programmed search 
WindoW. A typical value for this number is four, hoWever 
other values can be used such as three, tWo, or one; and 
preferably this value is programmable, as desired. 

[0060] FIG. 4 is a block diagram depicting the architec 
ture of searcher 306 according to a preferred embodiment of 
the present invention. Searcher 306 includes a plurality of 
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accumulating or processing elements, referred to herein as 
“slices,” shoWn as elements 402A through 402L, Which 
despread and process the received data stream or signal 
being acquired relative to particular PN and orthogonal 
codes. Each slice includes a despreader and a set of four 
coherent accumulators. A prescaler, shoWn as optional ele 
ment 406, can also be used before each of the coherent 
accumulators, as desired. 

[0061] Each slice 402 generates M coherent sums of N 
chips on the received data stream by accumulating chip 
energies over a pre-selected interval of time. An exemplary 
value of N here is 32 chips, although other values can be 
used, say as large as 288 or 1024 chips, a typical siZe for the 
outer and inner PN code sequences, respectively. A number 
of such accumulated values are squared, as discussed beloW 
and then further summed (both I and Q) to produce a 
non-coherent sum. In a preferred embodiment, the number 
of slices is sixteen (L=16). HoWever, more or feWer slices 
can be used depending on the desired level of parallelism 
and the speci?c communication system, and knoWn factors 
such as, desired searching speed, alloWable circuit complex 
ity, cost, and so forth. 

[0062] Each slice 402 receives the four components of the 
data stream. The ?rst slice, shoWn as slice 402A in FIG. 4, 
receives the PN sequences PNI1 and PNQ1 from multipliers 
316A and 316B respectively. As Will be described in detail 
beloW, each slice 402 includes a delay unit 506 (or 506‘). The 
delay unit in each slice delays the PN sequences by a 
predetermined amount of time or delay before transferring 
the PN codes to the next slice 402 in searcher 306 for 
correlating With the data stream. The slices With their 
respective delay components form a tapped delay line Where 
each element in the line holds the PN code for 1-chip time, 
16 delays being implemented. The PN code is input to this 
line and is delayed by one chip for each subsequent slice in 
the line. It is possible to instead delay the data through the 
delay line, but the magnitude of data is larger and makes the 
process more complex (1-bit delay line versus 4-bit). 

[0063] In this embodiment, no delay is imposed for pro 
cessing Within the current slice processing element, only the 
delay from the delay element of the previous slice is 
applicable. Alternatively, the delay unit can delay the PN 
codes before application in the current slice With Which it is 
associated. This is illustrated by dashed lines in FIG. 5 for 
delay unit 506‘. HoWever, this latter approach typically 
operates at a sloWer processing rate, Which is less desirable. 
In a preferred embodiment, each delay is one chip period of 
the PN sequence. 

[0064] Because each slice 402 delays the PN sequences 
before passing them to the next slice 402, the result is that 
each slice 402 correlates the data stream using a different PN 
offset. Because this correlation occurs substantially simul 
taneously across a series of slices, searcher 306 can search 
multiple PN offset hypotheses in parallel. The result is that 
more hypotheses can be processed in a given period of time, 
yielding a shorter acquisition time or cycle. 

[0065] Each slice 402 also receives a different synchroni 
Zation signal from accumulator controller 314. In FIG. 4, 
these signals are labeled “SYNC1”, “SYNC2”, and so on, up 
to “SYNCL”. These synchroniZation signals control the 
timing of the correlations of each slice 402. In a preferred 
embodiment, slices 402 operate in a “domino” fashion, With 



US 2004/0264554 A1 

each slice initiating a correlation cycle one chip period after 
the initiation of the correlation cycle in the previous slice. 
For example, the correlation cycle in slice 402B begins one 
chip time later than the correlation cycle in slice 402A. Thus, 
each slice begins its correlation cycle at the same PN state 
in the PN sequences, but at a different point in the data 
stream. 

[0066] This alignment of correlation cycles With PN state 
is especially advantageous in a system that employs multiple 
“nested” PN sequences. In one embodiment, the present 
invention employs tWo nested PN codes, referred to as 
“inner” and “outer” codes. The inner code corresponds to the 
PN code generated by PN code generator 312. The outer PN 
code remains constant over the entire period of the inner PN 
code. In that embodiment, the coherent accumulation cycle 
is aligned With the boundaries of the inner PN code 
sequence. Therefore, the accumulation is not affected by 
transitions of the state of the outer PN code. The use of 
nested PN codes is further described in a commonly-oWned, 
copending US. patent application Ser. No. 09/169,358, 
entitled “Multi-Layered PN Code Spreading In AMulti-User 
Communications System,” the disclosure of Which is incor 
porated herein by reference. 

[0067] Referring again to FIG. 4, searcher 306 also 
includes a non-coherent accumulator 404. The coherent 
sums of each slice 402 are transferred to non-coherent 
accumulator 404 for non-coherent accumulation. In a pre 
ferred embodiment, the coherent sums for each slice include 
an on-time coherent sum and a late coherent sum for each of 
the I and Q channels. For eXample, these sums are labeled 
“I1 ON-TIME”, “I1 LATE”, “Q1 ON-TIME”, and “Q1 
LATE” for slice 402A in FIG. 4. 

[0068] Non-coherent accumulator 404 produces a pair of 
non-coherent sums for each slice, one for the “on-time” 
components, and one for the “late” components. Each non 
coherent sum is obtained by summing the squares of the 
corresponding M I and Q coherent sums for a predetermined 
period of N chips or chip periods, providing N times M chips 
of data in the ?nal non-coherent summation result. For 
eXample, the non-coherent sums for slice 402A are given by: 

M 

ON - TIME 1 = Z (11 ON - TIME)? + (Q1 ON - TIME)? 
1:1 

M 

LATE I = Z (11 LATE)? + (Q1 LATE)? 
1:1 

[0069] The timing of each non-coherent accumulation 
cycle or period is controlled by signals from accumulator 
controller 314. In a preferred embodiment, the cycles pro 
ceed in “domino” fashion, With the cycle for each subse 
quent slice beginning one (1) chip period after the start of the 
cycle for the previous slice, there being L total slices used 
for processing signals during acquisition. Since there are N 
chips processed by the slices there are N chips of delay 
betWeen the coherent sums outputs by a slice. The non 
coherent accumulator results are fed to threshold detector 
308, as described above. 

[0070] FIG. 5 is a block diagram depicting the architec 
ture of slice 402B according to a preferred embodiment of 
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the present invention. Slice 402B includes a plurality of 
accumulators 502A, 502B, 502C, and 502D; a plurality of 
multipliers 504A, 504B, 504C, and 504D; and a delay unit 
506. Delay unit 506 receives the PN sequences fed to slice 
402B. In the case of slice 402B, the PN sequences are PNI2 
and PNQ2 provided by slice 402A. Delay unit 506 imposes 
a substantially uniform time delay on the PN sequences, as 
is Well understood in the relevant art. In a preferred embodi 
ment, the imposed delay is one chip period. 

[0071] The signals, labeled “PNI2” and “PNQ2” in FIG. 
5, are input or transferred to multipliers 504, While delayed 
signals labeled “PNI3” and “PNQ3,” are input or transferred 
to the neXt slice 402C (not shoWn) in searcher 306. Alter 
natively, When con?gured With the delay element ?rst as 
shoWn by the dashed outlined delay element 506‘, delayed 
signals “PNI3” and “PNQ3” are input both to multipliers 
504 and to the neXt slice 402C. Multipliers 504 also receive 
the components of the data stream. 

[0072] In the preferred embodiment, multipliers 504A and 
504B receive the Q-channel PN sequence PNQ2. Multiplier 
504A receives the late Q-channel data stream component Q 
LATE, and multiplier 504B receives the on-time Q-channel 
data stream component Q ON-TIME. Multipliers 504C and 
504D receive the I-channel PN sequence PNI2. Multiplier 
504C receives the late I-channel data stream component I 
LATE, and multiplier 504D receives the on-time I-channel 
data stream component I ON-TIME. 

[0073] It should be understood that While multipliers are 
commonly used or conceptually employed to illustrate the 
despreading operation that occurs for spread spectrum sig 
nals. HoWever, spreading is the equivalent to rotation by a 
multiple of 90 degrees. Therefore, despreading can be 
accomplished by applying the inverse rotation to the I and Q 
signals, based on the PN code of interest. The use of a 
rotation operation or element to implement despreading may 
be more appropriate in many situations to remove depen 
dency on the unknoWn phase offset betWeen the transmitter 
and receiver. Therefore, multipliers 504A, 504B, 504C, and 
504D can be replaced by appropriate knoWn rotators for this 
purpose. 

[0074] Accumulators 502A, 502B, 502C, and 502D 
receive the outputs of multipliers 504A, 504B, 504C, and 
504D respectively, and produce coherent sums Q1 LATE, 
Q1 ON-TIME, I1 LATE, and I1 ON-TIME, respectively. 
The timing of the accumulation cycles for accumulators 502 
is typically controlled substantially in unison by a signal 
SYNC2 provided by accumulator controller 314. In a pre 
ferred embodiment, each accumulator accumulates over N 
chip periods, Where N typically equals 32. HoWever, other 
values can be chosen for N as discussed earlier, such as 1024 
chips, the length of an inner PN code typically used. 

[0075] Since the data sampling by the decimation and 
input elements or circuits are occurring at an eight time 
oversampling rate, as discussed earlier, (although others 
rates could be used in different applications) that means a 
clock of chipXS is available for timing. At the same time, 
each sum or summation is updated at the chipX1 rate of the 
PN codes, and there is time betWeen data points to process 
data at a chipX1 rate. Therefore, some degree of time sharing 
of hardWare is possible and some of these operations can be 
serialiZed, not in unison, to save processing hardWare, While 
achieving the one chip timing. The circuitry illustrated in the 
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?gures can be time shared to some extent to conserve costs 
and complexity for a searcher mechanism. For example, a 
single accumulator (multiplier or rotator) and temporary 
storage (memory) could be used to form the four sums in a 
slice like that used for the noncoherent accumulations, 
discussed beloW. 

[0076] To take advantage of multiple Walsh code acqui 
sition, as discussed in the earlier referenced patents, the 
coherent accumulations need to be synchroniZed With the 
PN codes. The ?rst bit of the inner code, here 1024 chips, 
corresponds to the ?rst bit of a Walsh symbol (code)(as 
sumed length of 128). In this manner, eight Walsh symbols 
?t Within each PN code period. Furthermore coherent accu 
mulations are synchroniZed to symbol boundaries. If N, the 
length of the coherent accumulation, is 32, then an accu 
mulation starts on the ?rst, thirty-third, sixty-?fth, and 
ninety-seventh chips of each symbol. For N equal to 64, 
accumulations start on the ?rst and sixty-?fth of each 
symbol, and for N equal to 128, a coherent accumulation 
covers exactly one symbol. 

[0077] FIG. 6 is a block diagram depicting the architec 
ture of non-coherent accumulator 404 according to a pre 
ferred embodiment of the present invention. When a set of 
4 coherent accumulations are completed a square-and-accu 
mulate engine forms I2+Q2 for the on-time and late samples. 
In this embodiment, all of the non-coherent accumulator 
sums are stored in a storage location or element such as 

memory 608, and are modi?ed using a squarer 604 and an 
adder 606. Avariety of knoWn memory elements and adders 
can be used to implement the invention, as Would be knoWn, 
Without affecting the teachings disclosed herein. A multi 
plexer 602 is used to select coherent sums for non-coherent 
accumulation based on the SYNC signals. The SYNC sig 
nals are also used to select the non-coherent sum in memory 
608 to be modi?ed. The coherent sums become available to 
multiplexer 602 sequentially. This arrangement alloWs all 
subsequent processing to be implemented With a single 
hardWare data path Which is time-shared betWeen the dif 
ferent timing hypotheses being tested. This has the advan 
tage that only one squarer and one adder are needed to 
perform all of the non-coherent accumulations. Multiple 
squarers and adders can also be used in a less- or non-time 
shared arrangement Within the teachings of the invention if 
desired, as Would be knoWn. 

[0078] The operation of non-coherent accumulator 404 is 
noW described. At the beginning of a non-coherent accumu 
lation cycle, the values in the locations Within memory 608 
are set to Zero. After coherent sum I1 ON-TIME is received 

at multiplexer 602, it is selected by multiplexer 602 in 
accordance With the synchroniZation signals received from 
accumulator controller 314. The synchroniZation signals are 
also used to select a memory location in memory 608 that 
corresponds to non-coherent sum ON-TIME 1. Coherent 
sum I1 ON-TIME is squared by squarer 604. The squared 
coherent sum is added to the selected memory location. 
After the other coherent sum in the pair, Q1 ON-TIME is 
received at multiplexer 602, it is selected by multiplexer 602 
in accordance With the synchroniZation signals received 
from accumulator controller 314. The synchroniZation sig 
nals are again used to select a memory location in memory 
608 that corresponds to coherent sum ON-TIME 1. Coherent 
sum Q1 ON-TIME is squared by squarer 604. The squared 
coherent sum is added to the selected memory location. This 
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operation is repeated M times for each of the on-time and 
late I-Q pairs in each slice 402. At the end of the non 
coherent accumulation cycle, the non-coherent sums are sent 
from the locations of memory 608 to threshold detector 308, 
or the microprocessor as desired. 

[0079] In a preferred embodiment, the present invention is 
used to search a search space having several dimensions. In 
a preferred embodiment, the dimensions include frequency 
offset, PN code, pilot Walsh channel, expected pilot signal 
strength, and PN offset. Frequency offset can result from 
Doppler effects introduced by the rapid motion of a signal 
source or relay element such as satellites With respect to the 
user terminal or gateWay. Frequency error can also result 
from error introduced by a local oscillator used in the user 
terminal. For example, inexpensive oscillators may be less 
accurate, or oscillator output may drift With use or poWer 
levels. The search space includes a PN code dimension When 
the communications system uses multiple PN codes. In a 
preferred embodiment, communications system 100 
includes eight I-Q pairs of PN codes. The search space also 
includes tWo different pilot channels using different Walsh 
codes. 

[0080] In a preferred embodiment of the present invention, 
the values of N and M are programmable. These values are 
selected based on the expected strength of the pilot signal. 
By changing these values, the expected pilot signal strength 
dimension of the search space is traversed. 

[0081] FIG. 7 is a ?owchart depicting the search process 
of the present invention according to a preferred embodi 
ment. The dimensions are searched in nested loops. There 
fore, the loops are ?rst initialiZed. In step 702, initial values 
are selected for frequency offset, PN code, pilot Walsh 
channel (orthogonal code used to generate pilot channel), 
and expected pilot signal strength. The PN offset dimension 
of the search space is then searched based on those values, 
as shoWn in step 704 and described in detail beloW With 
respect to FIG. 8. A different frequency offset is chosen, as 
shoWn in step 708, and the search of the PN offset dimension 
is repeated until all of the frequency offsets have been 
examined, as shoWn in step 706. The search of the PN offset 
and frequency offset dimensions is repeated for each PN 
code in the search space, as shoWn in steps 710 and 712. The 
search of the PN offset, frequency offset, and PN code 
dimensions is repeated for each pilot Walsh channel in the 
search space, as shoWn in steps 714 and 716. 

[0082] If it is expected that the available pilot signals vary 
greatly in strength, then the search of the PN offset, fre 
quency offset, PN code, and pilot Walsh channel dimensions 
can also, optionally, be repeated for each expected pilot 
signal strength range in the search space, as shoWn in steps 
718 and 720, if multiple strength ranges are employed. 
Generally, the pilot signals predictably fall Within a certain 
strength range and searches over multiple ranges is not 
desired. When the search over the expected parameters or 
ranges is ?nished, the search space has been completely 
searched. 

[0083] At this point, the process returns to the beginning 
and commences searching for neW pilot signals or PN offsets 
to acquire, and so forth. Alternatively, Where multiple ser 
vices are potentially available for the user terminal, such as 
terrestrial cellular service versus satellite communication 
service, for example, the search space can be expanded to 
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include another dimension of “system determination.” This 
parameter can have a value set to one state (service) to 
initially, or randomly, select a desired service or be based on 
a predicted availability of service. At the completion of one 
processing cycle, as described above, this parameter can be 
reset and the above process repeated, before returning to the 
initial system search state. 

[0084] FIG. 8 is a ?oWchart describing the operation of 
the present invention in searching the PN offset dimension 
of a search space for a data stream according to a preferred 
embodiment. This process corresponds to step 704 of FIG. 
7. In step 802, the pseudonoise sequence produced by PN 
code generator 312 is delayed by a preselected amount by 
delay units 506 to produce a plurality of delayed pseud 
onoise sequences. Each delayed pseudonoise sequence is 
combined With the data stream to produce a plurality of 
despread data streams, as shoWn in step 804. This combining 
is performed by multipliers 504 (or rotators When used), as 
described above. Each despread data stream is accumulated 
for a period of N chips to produce a coherent sum, as shoWn 
in step 806. This coherent accumulation is performed by 
summers 502. Corresponding pairs of coherent sums are 
accumulated for M coherent accumulator cycles to produce 
a plurality of non-coherent sums, as shoWn in step 808. The 
non-coherent accumulation is performed by non-coherent 
accumulator 404. 

[0085] Each non-coherent sum is compared to a threshold 
by threshold detector 308, as shoWn in step 810. Those sums 
that exceed the threshold are selected for use in determining 
the timing used for demodulation, as shoWn in step 812. In 
one embodiment, threshold detector 308 remembers, stores 
or accumulates a predetermined number of the largest non 
coherent sums found during the current search, While dis 
alloWing or ignoring entries that are only one-half chip offset 
from another non-coherent sum. A local maXima circuit or 
element is generally used to alloW rejection of the adjacent 
hypotheses chip) from both entering the table. In this 
situation, only the larger of the tWo is alloWed even though 
both may be larger than other entries. This capability greatly 
reduces the peak-detection processing required of the 
present invention. 

[0086] When a non-coherent sum is selected for use in 
demodulation, the PN offset associated With that non-coher 
ent sum is provided to a selected digital data receiver 216. 
The selected digital data receiver uses the provided PN offset 
and the PN code to demodulate the data stream. 

[0087] The processing thus far described covers one set of 
L PN offsets in slices 402A-402L. In order to search the 
entire possible code offset space, means shifting through all 
N chips in the code. That is, the application of several slices 
to process the offsets in parallel only addresses L offsets, 
resulting in another N-L offsets or code hypothesis untested. 
For a given PN code of say 1024 chips (N=1024, but other 
lengths can be used) the PN offset search of L offset chips 
describes a search of L out of 1024 possible offset values. 
This type of search or search space is referred to as one rake 
of a search. After each rake is completed, the offsets need to 
be adjusted or sleWed to the neXt set of L PN offset 
hypothesis, and the search recommenced. Therefore, to 
search a total of N PN offsets requires N/L rakes. For L=16 
and N=1024 this Would be 64 rakes through the searcher. 

[0088] A technique found advantageous in the represent 
invention is to “sleW” the searcher PN timing to the neXt set 
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of L PN offset hypotheses by adjusting the timing of the PN 
code or code generator, so that the code is effectively shifted 
by a factor of L before each rake is started over for the L 
slices. This is seen in the timing diagram of FIG. 9 Which 
illustrates the relationship betWeen the PN clock rate of 
chipX1 and the various signals used in slices 402, and in the 
processing of the data. 

[0089] In FIG. 9, the basic PN code timing clock cycle 
902 (chipX1) is shoWn at the top With time commencing on 
the left side and increasing toWard the right side. This is 
folloWed doWn the ?gure by Delay 1, Delay 14, and Delay 
15 outputs 906, 908, and 910 respectively, With Data Chip 
input 912 for the data stream. The neXt set of illustrated 
signals are a SleW Enable signal 914, and slice enable 
signals Slice 0 Enable, Slice 1 Enable, Slice 14 Enable, and 
Slice 15 Enable, labled as 916, 918, 920, and 922, respec 
tively. 
[0090] The illustrated relative timing of code generator 
output 904 commences With chip number PN(30), While 
Delays 1, 14, and 15 start With PN(29), PN(16), and PN(15), 
respectively, clearly shoWing the PN offsets or offset in code 
timing affected by the delay elements in the slices. The 
processing of each slice is controlled using the Slice Enable 
signals or commands, With each one occurring one chip after 
the previous one. After the slices have ?nished processing 
using the ?rst L (16) PN offsets, or the PN codes have been 
shifted through by the desired delay amounts, the PN code 
generator is froZen, locked, retarded, suspended, or delayed 
(sleWed) from generating or outputting further code chips. 

[0091] PN(31) is the last chip to be used in the last 
coherent accumulations (N=32) at the initial PN offset 
hypotheses. This is seen as SleW Enable signal 914 changing 
state (for eXample here going high) and in code output 904 
reaching chip value PN(31) and holding, replicating, or 
continuing to output the same chip PN(31) for a preselected 
period until it is desired to start processing in the slices 
again. This occurs When the neXt offset set is reached, that 
is the PN timing is shifted by L. This is shoWn as SleW 
Enable signal 914 changing state (for eXample here going 
loW) and in code output 904 reaching chip values PN(32) . 
. . PN(45), PN(46), and so forth. PN(32) is the ?rst chip to 
be used in the ?rst coherent accumulations (N=32) at the 
neXt set of hypotheses. This continues until the neXt sleW 
point is reached, and the process repeats by a neW sleW 
enable signal occurring or being issued by the processor, and 
processing begins again after shifting another L offsets. It 
can be seen that typically Data chip D(15) is not used in the 
accumulations, and SleW Enable (freeZe PN generator) is the 
complement of Slice 0 Enable. 

[0092] 
[0093] The previous description of the preferred embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. While the invention has 
been particularly shoWn and described With reference to 
preferred embodiments thereof, it Will be understood by 
those skilled in the art that various changes in form and 
details may be made therein Without departing from the 
spirit and scope of the invention. 

IV. Conclusion 

1. A parallel searcher for use in a Wireless communica 
tions device, comprising: 
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a pseudonoise code generator for generating at least one 
pseudonoise sequence having a predetermined chip 
period; 

a plurality of slices, each slice including: 

a delay unit for delaying said pseudonoise sequence by 
a predetermined chip period, 

a despreader for operating on a data stream as a 
function of a pseudonoise sequence, Which is a 
delayed pseudonoise sequence from a previous slice 
When the slice is not a ?rst slice of said plurality, and 

at least one coherent accurnulator for coherently accu 
rnulating an output of said despreader; and 

a non-coherent accurnulator that accumulates the output 
of each slice non-coherently to produce a non-coherent 
sum for each slice; 

Wherein an output from said pseudonoise generator is 
coupled to an input of the delay unit of a neXt slice, 
eXcept When the current slice is the last slice of said 
plurality; 

Wherein each slice has an output from the delay unit 
coupled to an input of the delay unit of a neXt slice. 

2. The parallel searcher of claim 1, further comprising an 
accumulator controller for sequentially initialiZing said 
coherent accurnulators and sequentially coupling the outputs 
of said coherent accurnulators to said non-coherent accu 
rnulator based on the state of said pseudonoise sequence. 

3. The parallel searcher of claim 1, Wherein each said 
coherent accurnulator comprises: 

a multiplier that receives said pseudonoise sequence and 
said data stream; and 

an accumulator that receives the output of said rnultiplier. 
4-5. (Cancelled) 
6. The parallel searcher of claim 1, further comprising: 

a control processor that generates a threshold; and 

a threshold detector that receives said non-coherent sum 
from said non-coherent accurnulator and selectively 
provides the delay associated With said non-coherent 
sum to said control processor based on said threshold. 

7. (Cancelled) 
8. The parallel searcher of claim 1, further comprising: 

a Walsh code generator that generates a Walsh code; and 

a multiplier that combines said Walsh code With said 
pseudonoise sequence prior to said slices. 

9. (Cancelled) 
10. The parallel searcher of claim 1 Wherein said pseud 

onoise code generator is prograrnrnable for alternative PN 
codes in response to a selection input alloWing searches over 
different PN codes. 

11. (Cancelled) 
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12. A Wireless communication device comprising: 

a parallel searcher, comprising: 

a pseudonoise code generator for generating a pseud 
onoise sequence; 

a plurality of slice processing elements, each slice 
including: 
a delay unit for delaying said pseudonoise sequence 
by a predetermined chip time, 

a despreader for operating on a data stream as a 
function of said delayed pseudonoise sequence 
eXcept for When it is a ?rst despreader, and 

at least one coherent accurnulator for coherently 
accurnulating an output of said despreader; and 

a non-coherent accurnulator that accumulates the output 
of each slice non-coherently to produce a non-coherent 
sum for each slice; 

Wherein an output from said pseudonoise generator is 
coupled to an input of the delay unit of a neXt slice, 
eXcept When the current slice is the last slice of said 
plurality; 

Wherein each slice has an output from the delay unit 
coupled to an input of the delay unit of a neXt slice. 

13. A method for detecting the presence of a signal in a 
data stream, said signal spread using a pseudonoise 
sequence, comprising the steps of: 

delaying a pseudonoise sequence by a plurality of prede 
terrnined delays to produce a plurality of delayed 
pseudonoise sequences; 

cornbining each of said delayed pseudonoise sequences 
With the data stream to produce a plurality of despread 
data streams; and 

accurnulating each of said despread data streams for a 
duration to produce a plurality of coherent surns. 

14. The method of claim 13, further comprising the step 
of accurnulating each of said coherent surns for a further 
duration to produce a plurality of non-coherent surns. 

15. The method of claim 14, further comprising the steps 
of: 

comparing each of said non-coherent sums to a threshold; 
and 

selecting a non-coherent surn that eXceeds said threshold. 
16. The method of claim 15, further comprising the step 

of despreading said data stream using a delayed version of 
said pseudonoise sequence, said delayed version produced 
by delaying said pseudonoise sequence using the one of said 
plurality of predetermined delays that corresponds to said 
selected non-coherent sum. 

17. (Cancelled) 


