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(57) ABSTRACT 

Methods and systems for time synchronizing a receiver to a 
spread spectrum signal are described. Exemplary embodi 
ments of the present invention provide for at least a tWo step 
process in Which, at a ?rst step, a number of candidate 
synchronization frequencies or timings are identi?ed, fol 
loWed by con?rming one of the candidates as a correct 
synchronization state at a second or ?nal step. According to 
the present invention, the con?rmation step may be per 
formed at the same time as the step of identifying further 
candidates by processing the same received signal samples 
in different Ways. 
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MULTI-STAGE CDMA SYNCHRONIZATION WITH 
PARALLEL EXECUTION 

BACKGROUND 

[0001] The present invention relates to mobile phones or 
radio apparatus for receiving spread spectrum signals, such 
as code division multiple access (CDMA) signals, With 
Which time synchronization is achieved. 

[0002] Radiocommunication systems involve the trans 
mission of information over an air interface, for eXample by 
modulating a carrier frequency With that information. Upon 
reception, a receiver attempts to accurately eXtract the 
information from the received signal by performing an 
appropriate demodulation technique. HoWever, in order to 
demodulate a received signal, it is ?rst necessary to syn 
chroniZe timing betWeen the transmitter and the receiver. 
Different levels of synchroniZation may be required depend 
ing upon the design of the radiocommunication system. For 
eXample, in most systems clocking differences betWeen the 
transmitter and the receiver create differences in timing at a 
bit level. Moreover, in some radiocommunication systems, 
information is transmitted in bursts, sometimes referred to as 
“frames”, Which represent chunks of information that are 
independently detected and decoded. In these types of 
systems it is also desirable to locate the beginning of a 
frame, so that information relevant to a particular receiver is 
isolated and demodulated. Likewise, some systems (e.g., 
time division multiple access or TDMA systems) further 
subdivide frames into timeslots to create channels that are 
time multiplexed With one another. In these systems it is 
further desirable to synchroniZe the receiver to the beginning 
of each timeslot. 

[0003] Some systems provide channeliZation using a 
spread spectrum technique knoWn as code division multiple 
access (CDMA). In CDMA systems, the information data 
stream to be transmitted is ?rst coded or spread using a 
unique spreading code and then combined With a long 
PN-sequence or a shorter scrambling-sequence. In the latter 
case, the scrambling-sequences are planned from cell to cell 
so that neighboring cells use different scrambling-sequences 
or scrambling-masks. The information data stream and the 
PN-sequence or the scrambling sequence can have the same 
or different bit rates. The multiplication of the information 
data stream With the unique spreading code and long PN 
sequence results in an output stream of chips. Thus, in 
CDMA systems, it is also desirable to synchroniZe the 
receiver to the chip boundaries. 

[0004] To further understand the synchroniZation tasks 
associated With signal processing in a CDMA radiocommu 
nication system, consider the folloWing eXample. FIG. 1 
illustrates the use of base stations to transmit radio Waves to 

mobile users (mobile stations) in a cellular system. In a 
CDMA system, base station 10 can transmit signals to 
mobile stations 14 and 15 as a single (composite) signal. The 
signal directed to mobile station 14 is typically coded With 
a short code that is orthogonal or mostly orthogonal to a 
short code that is used to code the signal directed to mobile 
station 15. These signals are then spread With a second code 
that is sometimes referred to as a long code, associated With 
base station 10. The sum of the tWo coded and spread signals 
is then transmitted by base station 10. 

[0005] When mobile station 14 receives the composite 
signal, mobile station 14 multiplies the spread signal With 
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the long code and the short code to recreate the signal 
directed to mobile station 14 and the signal directed to 
mobile station 15 is suppressed as interference noise. Simi 
larly, mobile station 15 multiplies the spread signal With the 
long code and the short code assigned to mobile station 15 
to recreate the signal directed to mobile station 15 and the 
signal directed to mobile station 14 is suppressed as inter 
ference noise. The receivers associated With mobile stations 
14 and 15 must have acquired the various levels of synchro 
niZation to the received signal Which Were described above, 
in addition to learning or knoWing the applicable long and 
short codes, in order to implement despreading, demodula 
tion and decoding of the information residing in that signal. 
Many different techniques have been developed in order to 
acquire synchroniZation at each of the various levels. For 
frame synchroniZation these techniques typically depend, in 
large degree, on the frame structure and the manner in Which 
overhead or control information is conveyed to the mobile 
station. Overhead information is usually provided on one or 
more broadcast control channels Which are transmitted by 
base stations using knoWn channels to Which mobile stations 
can quickly lock onto and receive the overhead information 
including, among other things, information used to acquire 
frame synchroniZation With that base station. Those skilled 
in the art Will appreciate that many radiocommunication 
systems have unsynchroniZed base stations, i.e., base sta 
tions Which do not share a common timing reference signal. 
Accordingly, frame synchroniZation is a process Which 
needs to be performed, for eXample, at start-up (i.e., When a 
mobile is poWered on), as a mobile station moves from cell 
to cell and When measuring on channels associated With 
neighboring cells as part of cell reselection procedures (e. g., 
to con?rm that a mobile station is listening to a “best” 
serving base station). 
[0006] Of course, as With most signal processing tasks 
performed by the receiver, reducing the delay associated 
With synchroniZation is important in improving the receiv 
er’s performance. Many types of communication services, in 
particular speech communication, are relatively delay intol 
erant. Thus, system designers are continuously seeking for 
Ways in Which to reduce the amount of time that it takes to 
perform any given signal processing task, including time 
synchroniZation. 

SUMMARY 

[0007] A radio receiver employing a synchroniZation 
method according to the present invention is able more 
rapidly to ?nd and acquire synchronisation With a CDMA 
signal by means of at least a tWo step process in Which, at 
a ?rst step, a number of candidate synchronisation frequen 
cies or timings are identi?ed, folloWed by con?rming one of 
the candidates as a correct synchronisation state at a second 
or ?nal step. According to the present invention, the con 
?rmation step may be performed at the same time as the step 
of identifying further candidates by processing the same 
received signal samples in different Ways. 

[0008] In an exemplary implementation, a ?rst correlation 
means correlates shifts of a stream of received signal 
samples using a correlation length over Which the received 
signal does not drift signi?cantly in phase, amplitude or 
timing, thus alloWing coherent correlation. Coherent corre 
lations are not in general eXpected to reach a suf?cient 
signal-to-noise ratio to unambiguously identify With 
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adequate certainty that correct synchronisation has been 
achieved. Consequently a number of coherent correlations 
corresponding to like timing postulates are further accumu 
lated non-coherently in a number of bins, each bin corre 
sponding to a timing postulate. Non-coherent accumulation 
involves adding the magnitudes or square magnitudes of the 
coherent correlations, Where the squared magnitude is equal 
to the sum of the squares of the real and imaginary parts of 
the coherent correlation value. 

[0009] When non-coherent or magnitude accumulation 
must take place for a prolonged time period in order to 
identify a likely candidate timing, and the time period is so 
long that a drift of timing may occur that is of the order of 
plus or minus one timing bin Width or more, the present 
invention may employ a drift compensation type of accu 
mulation described in US. patent application Ser. No. 
08/768,975 to Paul W. Dent, ?led Dec. 18, 1996, the 
disclosure of Which is hereby incorporated by reference 
herein. 

[0010] An exemplary CDMA system according to the 
present invention, using a 4 megachip per second modula 
tion, searches time bins that are one chip Wide, i.e. 0.25US. 
The receiver time and frequency reference has an initial 
error of +/—10 parts per million, Which results in a drift of 
one bin per 25 m5. This exemplary CDMA system further 
more transmits a knoWn chip pattern every 0.625 mS for use 
by the receiver to achieve a ?rst synchroniZation step. The 
knoWn chip pattern has a length of 256 chips for example. 
With 10 ppm frequency error, the maximum coherent cor 
relation length is restricted to about 64 chips. Therefore four, 
64-chip coherent correlations are accumulated non-coher 
ently every 0.625 mS to determine a correlation value With 
the knoWn 256-chip pattern. Approximately 40 of these 
0.625 mS correlations may then be accumulated non-coher 
ently, after Which the timing may have drifted one chip. To 
compensate for such drift; after a number of non-coherent 
accumulations less than 40, for example 16, the results for 
each bin are accumulated With the best of previous cumu 
lative results lying Within +/—1 bin, thus alloWing a drift of 
+/—one bin in 16 While still providing continued accumula 
tion. In the above exemplary system, the number of timing 
bins is approximately 0.625 mS><4 megachips/sec, that is 
about 2500 bins of one-chip Width. 

[0011] Drift-compensated accumulation continues accord 
ing to the present invention until a cumulative results bin 
reaches a threshold. This indicates that the knoWn signal 
pattern may have been found at the timing corresponding to 
the threshold. The timing associated With that bin is then 
recorded in a list of candidate timings to be further evalu 
ated, and the bin contents reset to Zero. Drift compensated 
accumulation of correlations With the knoWn signal pattern 
then continues and as further bins reach the ?rst threshold, 
their associated timings are also entered into the list and their 
bin contents reset to Zero. Eventually, a bin already reset to 
Zero at least once may again reach the threshold value and 
Would then be entered into the list a second time. The list 
thus contains candidate timings in the order in Which they 
reached the ?rst correlation threshold, including possible 
repeats of an earlier candidate timing. Drift-compensated 
accumulation in timing bins can comprise subtracting the 
minimum value over all bins from all the bins, so as to 
emphasiZe differences betWeen the bin values and prevent 
inde?nite groWth of numerical values. Detecting that a bin 
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value reaches a threshold can then imply detecting that a bin 
value has exceeded the other bin values by a threshold. 

[0012] In the exemplary CDMA system, many signals 
may be transmitted in the same bandWidth at the same time 
using different spreading codes, preferably orthogonal 
codes. In addition to the above-mentioned knoWn signal 
pattern, Which typically uses the same code, regardless of 
the transmitter, a second signal pattern is transmitted that is 
selected to be different for different transmitters in an 
adjacent group of transmitters. The second signal pattern 
being one of a limited number of, for example, 16 prede 
termined patterns. A second stage of synchronisation there 
fore consists of determining if one of the second knoWn 
signal patterns can be found at a timing shift recorded in the 
candidate list derived in the ?rst step described above. 
Because the second knoWn signal pattern is transmitted at 
the same time and on the same frequency as the ?rst knoWn 
signal pattern, they are both received overlapping at the 
receiver and correlations may be performed using the second 
knoWn symbol pattern by a second correlation means simul 
taneously With continuing to perform and accumulate cor 
relations With the ?rst knoWn signal pattern using the ?rst 
correlation means. The invention of Dent and Wang 
described in US. patent application Ser. No. 08/967,444, 
entitled “Efficient Correlation Over a Sliding WindoW” 
(?led Nov. 11, 1997) may, for example, advantageously be 
employed to combine the ?rst and second correlation means 
taking advantage of common computations to reduce effort 
and therefore poWer consumption. 

[0013] Correlations are performed With all 16 of the 
second knoWn signal patterns, but using only that timing 
shift identi?ed With the ?rst candidate in the list. According 
to a second aspect of the present invention, correlations With 
the ?rst knoWn signal pattern may also be used to estimate 
a frequency error, Which is also stored in the list against 
candidate timings. When using a candidate timing to test for 
correlations With the 16 second knoWn signal patterns, the 
frequency error estimate may be used to compensate the 
received signal for phase drift, alloWing a longer coherent 
second correlation to be performed. When one of the 16 
second correlations has reached a second threshold, the 
timing, frequency error estimate and the second knoWn 
symbol pattern giving that correlation may be recorded in a 
second list of candidates to be tested in an optional third 
synchroniZation step. The present invention can optionally 
comprise performing simultaneous correlations With the 
second knoWn symbol patterns using more than one of the 
timings from the candidate list in parallel. The results Would 
be accumulated in 16N bins, Where N is the number of 
simultaneously tested candidates. When any one of the 16N 
correlations reaches the second threshold, the associated 
second knoWn code, timing and frequency error are trans 
ferred to the second list. The second list thus contains second 
correlations in the order in Which their accumulations ?rst 
reached the second threshold. 

[0014] In the exemplary system, the second knoWn sym 
bol pattern identi?es a group of third knoWn symbol pat 
terns, one of Which should be found in a third correlation 
step. The present invention may be applied again to search 
simultaneously for a third correlation While continuing ?rst 
and second correlation accumulations. The third correlation 
is performed using all knoWn symbol patterns in the group, 
Which once again may, for example, contain 16 members. 
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When a third correlation is identi?ed, the method has thus 
disambiguated Which of 256 different signal Waveforms are 
in use, ie the CDMA spreading code used by the transmitter 
has been narroWed doWn to one candidate. Using that code, 
an attempt is then made to decode a broadcast control 
channel emitted by the transmitter, successful decoding 
being indicated, for example, by a Cyclic Redundancy 
Check Code (CRC). This ?nal step con?rms that a valid 
signal has been identi?ed and sychnronisation achieved. 

[0015] Afurther uncertainty that is resolved by the method 
is Which of a number of frequency channels the transmitter 
is using. This is done by applying the method sequentially to 
all possible frequency channels selected intelligently in a 
priority order. For eXample, a frequency channel on Which 
sync Was previously found most recently can be tested ?rst. 
Moreover, sync search on any frequency channel may be 
abandoned at any stage if the correlation accumulation for 
that stage fails to reach the threshold for that stage in a given 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The features, objects, advantages and other aspects 
of the present invention Will be more readily understood 
upon reading the folloWing detailed description in conjunc 
tion With the ?gures, Wherein: 

[0017] FIG. 1 illustrates an exemplary CDMA radiocom 
munication system in Which the present invention may be 
employed; 

[0018] FIGS. 2(a)-2(a) depict a ?oWchart Which is used to 
described exemplary methods and systems for performing 
synchroniZation according to exemplary embodiments of the 
present invention; and 

[0019] FIG. 3 shoWs a CDMA signal format to Which the 
present invention may be applied. 

DETAILED DESCRIPTION 

[0020] In the folloWing description, for purposes of eXpla 
nation and not limitation, speci?c details are set forth, such 
as particular circuits, circuit components, techniques, etc. in 
order to provide a thorough understanding of the present 
invention. HoWever, it Will be apparent to one skilled in the 
art that the present invention may be practiced in other 
embodiments that depart from these speci?c details. In other 
instances, detailed descriptions of Well-knoWn methods, 
devices, and circuits are omitted so as not to obscure the 
description of the present invention. 

[0021] In FIG. 2(a), a radio receiver, such as a mobile 
phone, performs a scan of the allocated frequency band in 
step 1 upon ?rst being sWitched on after a period of 
inactivity. The frequency scan step identi?es channels on 
Which RF energy is detected and can measure the signal 
strength of detected RF energy. In step 2, other information 
is used to determine a prioritiZed list of channels that Will be 
searched in order. In the absence of other information, the 
prioritiZed order can be signal strength order from strongest 
to Weakest. Other information that can change this order 
Would, for eXample, include knoWledge of channels on 
Which valid signals had been found before. 

[0022] For eXample, if the signal strength noW received on 
a channel on Which sync Was established most recently is 
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similar to that measured When valid synchronisation Was last 
achieved on that channel, it may be given highest priority. If 
the most recent sync channel does not have the highest 
signal strength, but the signal strength on a different channel 
on Which sync is often established is high, then the different 
channel may be given priority. Another eXample of other 
information Which may affect the scanning order is a list of 
channels on Which sync has never been established or never 

been established even When signal strength is high (because, 
for eXample, they might be allocated to a different type of 
system). These channels may be given loWer priority than 
their measured signal strength Would otherWise indicate. 
Another reason Why channels may be given loW priority is 
When receiver frequency step siZes are narroWer than the 
system’s channel spacing. For eXample, receiver resolution 
could be 200 KHZ While a particular system places signals 
centered only on every 25th 200 KHZ step. A radio receiver 
could learn on Which of the 25 steps sync is most often 
achieved and give those higher priority for searching than 
the other 24, depending of course on Whether the scan for 
energy conforms the likelihood that these steps are still those 
to use. All such logic can be used in step 2 to establish a 
prioritiZed frequency channel list. 

[0023] In step 3, the receiver tunes to the neXt channel in 
the list, Which is the ?rst channel on the ?rst pass through the 
How chart. In step 4, the signal received on the tuned channel 
is processed using, for eXample, a correlator or matched 
?lter matched to a knoWn code. Exemplary matched ?lter 
structures are disclosed in US. patent application Ser. No. 
08/967,444, ?led Nov. 11, 1997 (Ericsson Docket #PO 
8668) to Dent and Wang entitled “Efficient Correlation Over 
a Sliding WindoW” as described supra, Which is hereby 
incorporated by reference herein. These inventive correla 
tion techniques alloW received signal samples to be corre 
lated With a knoWn code With all possible timing shifts 
betWeen the knoWn code and the signal samples being 
correlated simultaneously. 

[0024] Moreover, correlations can be performed using 
more than one code simultaneously With less than a com 
mensurate increase in effort. Using these inventive correla 
tors or matched ?lters, the savings in effort increases, the 
greater the number of correlations that have to be calculated. 
This property Will prove useful in the current invention 
Which performs synchronisation in several stages using 
different codes, With all stages running in parallel. 

[0025] The correlations computed in step 4 for different 
timing shifts betWeen the received signal and the knoWn 
code are accumulated With like values computed from a 
repetition of the same signal at periodic intervals. Such a 
signal format is shoWn in FIG. 3. A CDMA signal Waveform 
alloWs several different signals to overlap in time and 
frequency by the use of different codes, Which permit a 
receiver to separate the overlapping signals. In FIG. 3, three 
types of signal are shoWn overlapping; 

[0026] (1) a Traf?c Channel, Which is divided into 10 
mS frame periods Which are further subdivided into 
16, 0.625 mS timeslots; 

[0027] (2) a Paging channel, Which has the same 
frame and slot structure as the Traffic channel, 
although it may be of a different poWer level, and 
With other differences in the ?ner structure. One such 
difference is that the paging channel slots are divided 
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into ten, 256-chip symbols, nine of Which use a code 
unique to a particular transmitter selected from a set 
of 256 codes While the tenth symbol uses one of a 
subset of 16 codes and is called the second Periodic 
Channel or PERCH 2; and 

[0028] (3) a ?rst Periodic Channel (PERCH 1) Which 
comprises bursts of 256 chips using a code Which is 
common to all transmitters. Moreover, the PERCH 1 
bursts are aligned in time With the PERCH 2 occur 
rences on the Paging Channel. 

[0029] Optionally, one of the PERCH 1 or PERCH 2 
occurrences may occasionally at regular intervals be an 
“unmodulated burst”, such as Would be achieved by setting 
all 256 chips to the same value, or systematically phase 
rotating value, the latter giving a frequency-offset CW burst. 
These CW bursts can be useful in providing the receiver 
With an opportunity to obtain coarse time and frequency 
synchronisation before beginning step 4 of FIG. 2(a). 

[0030] Techniques for utiliZing such CW bursts in the 
context of TDMA signals (but not overlapping CDMA 
signals) are knoWn from the European Digital Cellular 
System called GSM and, therefore are not elaborated here. 
The current description hoWever continues Without refer 
ence to Whether coarse synchronisation is achieved With the 
aid of CW bursts or not. Instead, the most onerous case is 
assumed, i.e., in Which the frequency and time uncertainty 
over Which the sync search is performed is not reduced. 
Consequently, in accordance With the exemplary Waveform 
of FIG. 3, correlation With the PERCH 1 code can be found 
at any one of the 25 60-chip shifts over the one-slot repetition 
period of the code. 

[0031] It is also assumed that one 256-chip correlation Will 
not yield an adequate YES/N O detection decision. An aim of 
the present invention is to permit a receiver to acquire time 
and frequency synchronisation even When the signal 
strength is too loW to establish a normal traf?c channel, such 
as When a mobile phone user is deep inside a building. The 
aim of future cellular systems Will be to provide a high 
penetration method of alerting the phone that it is being 
called even in such disadvantaged circumstances, and con 
veying a short message, such as the caller-ID using highly 
redundant signaling. HoWever, even using such highly 
redundant signaling, synchronisation must ?rst be estab 
lished in order to decode the signal. 

[0032] In order to improve the synchronisation robustness, 
corresponding correlations from corresponding timings in 
successive slots are accumulated in step 5. Since the timing 
uncertainty is 2560 chips in this example, 2560 timing bins 
are used to accumulate correlations corresponding to each 
particular timing postulate. 
[0033] A correlation betWeen a complex radio signal and 
a given code yields a complex number having an amplitude 
and a phase. The phase remains constant only over a limited 
time due to fading or frequency error. In an exemplary 2 
GHZ radio system fading rates Would alloW correlations of 
length 256-chips or more to be made, but the result Would 
exhibit a different phase angle from slot to slot due to the 
fading changing the signal phase over the 0.625 mS slot 
separation time. Consequently, only the magnitudes or mag 
nitudes squared of the correlations are accumulated from 
slot-to-slot, Which is termed “non-coherent” accumulation in 
the art. 
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[0034] HoWever, frequency error in the receiver due to the 
use of a loW cost oscillator can restrict the coherency time 
to less than 256 chips. In an exemplary embodiment, the 
coherent correlation length (matched ?lter length) is only 64 
chips to alloW for frequency error; four 64-chip correlations 
then have their magnitudes accumulated non-coherently to 
form a 256-chip correlation at step 4. Optionally, the four 
64-chip correlations can be further processed to estimate a 
frequency error, as further elaborated later. If and When an 
opportunity arises to correct the oscillator’s error, a note can 
be made of that and subsequent 25 6-chip correlations can be 
coherent correlations. 

[0035] For example, the oscillator can be calibrated When 
ever synchronisation is con?rmed With a valid transmitter 
and a note recorded against the temperature at Which cali 
bration Was made. Subsequent sync searches made at tem 
peratures for Which the oscillator has been calibrated can use 
256-chip correlation While at other temperatures 64-chip 
coherent correlations Would be made. 

[0036] At step 5, coherent or non-coherent correlations 
from step 4 are accumulated in the 2560 timing bins. If 
accumulation continues too long, frequency error in the 
receiver’s chip rate relative to the transmitter’s chip rate can 
cause a drift in the correspondence of timing bins to a 
particular timing. This problem Was solved by the disclosure 
of US. patent application Ser. No. 08/768,975 to Dent, ?led 
Dec. 18, 1996 Which is hereby incorporated by reference 
herein. In the above application, drift is compensated by 
accumulating the largest of three adjacent previous cumu 
lative values With a neW correlation, thus alloWing a timing 
drift of +/—one bin. In the exemplary system, the frequency 
error is much smaller than that Which Would cause a drift of 
one chip per 2560 chips. A+/—10 ppm frequency error Will 
rather cause a 1 chip error in 100000 chips, or 40 slots of 
2560 chips. Consequently, accumulation of corresponding 
values can take place in corresponding bins for up to 40 
slots, and then the 2560, 40-slot, block-cumulative values 
are accumulated With the 2560 cumulative bins using drift 
compensation according to the incorporated patent applica 
tion. The need for 2x25 60 memories can be avoided, by ?rst 
processing the previous, cumulative bin values to determine 
the largest value in every adjacent group of three bins. The 
bin values are then replaced by this largest of three. Then 
each neW correlation value for the next 40 slots is accumu 
lated in a corresponding one of the replaced bins. After 40 
slots, the “best-of-3” operation is repeated prior to continu 
ing. In practice, the exemplary system performs the “best 
of-3” operation every 16 slots, corresponding to the exem 
plary 10 mS frame period of FIG. 3. In this Way, cumulative 
correlation can continue inde?nitely until something is 
detected, thus solving the “high-penetration sync” aim. 

[0037] Even in the absence of a signal hoWever, non 
coherent accumulation of correlation magnitudes results in 
numerically groWing values due to noise. To prevent inde? 
nite numerical groWth, it is useful to subtract the smallest 
value over all 256 bins from all the values, one bin then 
being Zero and the non-Zero bins indicating the margin by 
Which they exceed the “noise” value. This differential value 
is in fact more useful for detecting the presence of a signal. 
Apredetermined threshold can be established against Which 
the differential bin values are compared. If a bin value 
exceeds this threshold, it indicates that correlation With the 
associated timing value exceeded correlation With all other 
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chip-shifts by a signi?cant margin, indicating the likelihood, 
if not the certainty, that a signal exists With that timing. 

[0038] One reason Why certainty of detection does not 
exist With a single-stage sync detection algorithm is that the 
propagation path from a transmitter to a receiver can com 
prise many paths With different delays separated in time by 
one or more chips. Therefore each timing bin only accumu 
lates that fraction of the energy received in a single ray; 
moreover multiple rays lead to multiple bins exhibiting 
correlations, so that there is uncertainty in Which one to 
believe. The preferred algorithm is to continue drift-com 
pensated accumulation of differential bin values until one 
bin value becomes the ?rst to exceed the ?rst detection 
threshold, as detected at step 6. If no bin exceeds the 
threshold after an accumulation cycle, at step 7 the receiver 
compares the time spent accumulating correlations on this 
frequency channel With a timeout limit. If the time limit is 
exceeded, further search is deemed useless and a return is 
made to step 3 to try tuning the next frequency channel in the 
list. The timeout limit can be adjusted in dependence on the 
measured signal strength values on the channel, so that a 
longer search time is alloWed When the channel is Weak. If 
all channels are Weak, as measured at step 1, it can be an 
indication that the user is deep indoors and a much longer 
timeout used. Moreover, a different prioritiZation of the 
frequency channels to search can be employed if it is 
suspected that a “high-penetration” sync search must be 
performed. 

[0039] If a bin exceeds the ?rst detect threshold at step 6, 
step 8 of FIG. 2(b) is entered. At step 8 of FIG. 2(b), the just 
detected bin value is reset to Zero and the timing (and 
optionally any frequency error that has been estimated 
during correlation) for that bin, ie the bin number, is 
recorded in a second list as a “candidate” or “possible” 
signal. Correlations then continue to be made and accumu 
lated according to the method shoWn in FIG. 2(a), except 
that changing frequency channel due to timeout is inhibited 
as long as the second list is not empty. Maintaining the same 
tuned frequency permits techniques according to the present 
invention to attempt a second stage of synchronisation on 
the channel on Which ?rst stage sync is detected. Although 
the inventive correlator of the above-incorporated applica 
tions can perform correlations of the same received signal 
samples With many different codes and code-shifts simulta 
neously, the receiver cannot receive signal samples on tWo 
or more different frequency channels simultaneously, and so 
the choice of channel is froZen during performance of 
second stage of synchroniZation illustrated in FIG. 2(b). 

[0040] In FIG. 2(b), the received signal is correlated at 
step 9 With each of 16 possible PERCH 2 256-chip codes. If 
coarse frequency error has been supplied from stage 1 sync 
detection, these 256-chip correlations may be coherent cor 
relations. It Will be explained later hoW the factor of four 
reduction in frequency error needed to increase the coherent 
correlation length from 64 to 256 chips is implemented. 

[0041] The timing having been supplied from stage 1 
sync, the timing uncertainty to be searched using the tech 
nique in FIG. 2(b) is limited. For example, if the multipath 
delay spread is a maximum of 16 microseconds, only 64 
timing bins are needed. HoWever, there are 16 different 
codes, and 64 timing bins are needed for each, making 1024 
bins altogether. At step 10, correlations are accumulated in 
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bins corresponding to one of 16 codes and one of 64 timings 
for all candidates in the second list, thus there are multiple 
banks of 1024 bins required in the case of multiple candi 
dates to be tested. Ultimately, the number of simultaneously 
processed candidates can be limited by the amount of 
memory. Candidates in the list that cannot be processed for 
lack of memory may be processed later after a previous 
candidate has been rejected at step 13. 

[0042] Drift compensation may be applied as before using 
a “best of 3” operation every 10 m5 frame. HoWever, 
subtraction of the minimum value of these bins from all of 
them is not necessarily a good idea, as the timing has been 
so restricted that all timings and codes could conceivably 
contain valid signal energy arriving from more than one 
nearby base station transmitter. Therefore the minimum bin 
value from the bins of FIG. 2(a) can be used as a noise ?oor 
and subtracted from all the bins of FIG. 2(b) as Well as all 
the bins of FIG. 2(a). If any bin value in FIG. 2(b) is then 
detected at step 11 to have exceeded this noise ?oor by more 
than a second threshold, step 14 is entered in FIG. 4. On the 
other hand, if no bin exceeds the second threshold, a test is 
made at step 12 to determine if enough time has been spent 
testing any of the timings in the second list. If so, the timing 
that has been tested for longer than the timeout period is 
deleted from the list. When all timings have been deleted 
from the list, the frequency channel change steps 7, 8 of 
FIG. 2(a) may be re-enabled. 

[0043] Referring noW to FIG. 2(c), step 14 is entered With 
a timing value and code giving a second threshold detection 
at step 11. This is recorded in a third list, alloWing again for 
multiple candidates. The PERCH 2 code detected at step 11 
indicates one of 16 groups of codes, each group containing 
16 codes, that the transmitter may be using for coding the 
other nine symbols per slot of the paging channel. Conse 
quently correlations are noW performed using the timing and 
coarse frequency error from previous steps With the nine 
other paging channel symbols using each of the 16 codes in 
the indicated group. These are accumulated as before in a 
limited number of timing bins times the 16 code bins. When 
one of these third banks of bins is detected at step 17 to 
exceed a third threshold above the noise ?oor, the code used 
by the transmitter is uniquely suggested and is conveyed to 
a fourth list at step 20 of FIG. 2(LD for con?rmation. It may 
be seen that FIG. 2(c) operates similarly to FIG. 2(b) and so 
Will not be elaborated further. Aperson skilled in the art Will 
realiZe that the operations of How charts of FIGS. 2(a)-2(LD 
can be controlled by a microprocessor (not shoWn) using a 
suitable softWare program, and that softWare programs that 
are identical apart from the data memory elements they 
operate on do not need to be stored in multiple copies, but 
can be given the property of re-entrancy that alloWs a single 
program to be multiply active in different states and quasi 
simultaneously to process different data and even in different 
Ways controlled by different parameters. 

[0044] NoW referring to FIG. 2(a) step 20 is entered 
having identi?ed one of in total 256 codes that the detected 
transmitter is thought to be using to code the paging channel 
signal. It may be that more than one candidate code has been 
detected, for example due to the mobile station being Within 
range of more than one base station transmitter using the 
same frequency channel. Therefore the just-identi?ed signal 
parameters are entered into a fourth list With any other 
codes, timings and frequency errors already in the list. At 
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step 21 an attempt is made to decode the signal at the top of 
the list. If the signal is a CDMA signal, a RAKE receiver 
(not shoWn) may be appropriate to perform this decoding 
step. The RAKE receiver ?rst performs correlations With 
knoWn codes based on the identi?ed unique code of this 
transmitter to establish the phase and amplitudes (i.e. com 
plex channel parameters) of each signi?cant multipath ray 
reaching the receiver. The RAKE receiver then uses the code 
in correlation With unknown data symbols using the timing 
shifts of the established signi?cant rays. The results of 
correlation With unknoWn data symbols are combined using 
Weighting factors based on the established complex channel 
parameters for each ray. The combined value is then sub 
mitted as a “soft decision” to an error correction decoding 
algorithm to decode information transmitted on the paging 
channel. More details of RAKE receivers may be found in 
US. Pat. Nos. 5,305,349 and 5,572,552 to Applicant Which 
are hereby incorporated by reference herein. 

[0045] After error correction decoding of the signal at step 
21, a test for correct decoding is made at step 22. This can 
be done for example With the aid of a Cyclic Redundancy 
Check (CRC) code. If the CRC code does not check, this 
may be an indication that the signal in the fourth list Was a 
false signal or of loW signal quality. Rejection of the signal 
and deletion from the fourth list may occur as a result of 
several successive failures of the CRC check. As With all the 
steps of FIGS. 2(a)-2(LD presented here, attempted decoding 
of one, any or all of the signals With parameters recorded in 
the fourth list can in principle be done simultaneously, and 
While the earlier synchronisation detection stages are also 
still proceeding. In this context “simultaneously” means 
processing the same received signal in many different Ways 
corresponding to searching for a PERCH 1 burst, a PERCH 
2 burst or CRC check using different despreading codes. The 
term “simultaneously” does not necessarily imply multiple 
copies of decoding hardWare, as sufficiently fast hardWare 
can be timeshared, i.e. operated sequentially, to process the 
same stored data in many different Ways. The amount of 
parallelism provided in the hardWare to obtain the desired 
processing ability is a design trade-off that is not material to 
the inventive principles disclosed above. 

[0046] Using the invention, a multi-stage synchronisation 
process is implemented With the aim of reducing the time 
needed to acquire synchronisation With a signal such as a 
spread-spectrum signal. The ?rst stage of the sync process is 
designed to speed detection of any signal, by limiting the 
number of codes used for the ?rst detection stage and 
accepting a higher probability of false alarms. Later stages 
of synchronisation are performed using only the limited 
number of candidate signals de?ned by the parameters 
identi?ed in the earlier stage, and aim to successively limit 
the number of signal candidates retained for further testing 
While improving the con?dence that a retained signal is a 
true signal. The ?nal step of successfully decoding a paging 
channel broadcast con?rms detection of a true signal. When 
a true signal is detected and decoded, further information 
may be read by the receiver regarding surrounding stations, 
frequencies and other parameters of the netWork. The 
receiver may also measure its frequency error relative to a 
true signal and store a frequency calibration value for the 
prevailing temperature, in order to learn a frequency/tem 
perature correction table for its reference oscillator With 
Which to accelerate synchronisation on future occasions. 
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[0047] When initially a receiver has no preexisting fre 
quency/temperature calibration table, coherent correlation 
lengths may be restricted, as described above. Coherent 
correlations of limited length have to be combined or 
accumulated non-coherently to produce correlations over 
longer periods. This can be accomplished using non-coher 
ent accumulation or combination devices to compute the 
magnitude (or magnitude squared) of a complex correlation 
value and combine the magnitudes. Non-coherent correla 
tion Will alWays produce a positive result that groWs With 
time, and is therefore more liable to falsely exceed a detect 
threshold than a coherent correlation. Consequently it is of 
interest to estimate frequency error from a preceding, non 
coherent stage of correlation (eg that of FIG. 1(a)) in order 
to permit a subsequent stage of correlation to be performed 
coherently by compensating for the estimated frequency 
error (eg the stage described by FIG. 2(b)). 

[0048] In the exemplary system, the synchroniZation 
codes transmitted are of length 256 While the maximum 
coherent correlation length imposed by frequency error is 
64. To permit the full coherent correlation length of 256 to 
be used, it is therefore necessary to reduce the frequency 
error by a factor of four. This may be done in the folloWing 
exemplary manner. 

[0049] In FIG. 2a), 64-point correlations are computed for 
four, successive 64-symbol blocks over a 25 6-symbol block. 
Denoting these by the complex numbers 

[0054] non-coherent combination of these Would normally 
comprise computing SQRT(I12+Q12)+SQRT(I22+Q22)+ 
SQRT(I32+Q32)+SQRT(I42+Q42) or alternatively the sum 
of-squares 

[0056] Coherent combination, if the frequency error Was 
Zero, Would comprise computing 

[0058] Consider noW a frequency error that gives rise to a 
90 degree phase rotation over each 64-symbol correlation 
interval, equivalent to a multiplication by “j” for a positive 
frequency error or by —j for a negative frequency error. 

[0059] Then, for positive frequency error the correlations 
Would correspond to 

[0060] 

[0061] jI2-Q2 (having been multiplied by [0062] I3-jQ3 (having been multiplied by 1'2) 

[0063] 
[0064] The sum of the real parts is then I1—Q2—I3+Q4 

[0065] 

and —jI4+Q4 (having been multiplied by P) 

and the sum of imaginary parts is Q1+I2—Q3—I4. 
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[0066] For negative frequency error, the corresponding 
combinations Would be 

[0068] For a frequency error, positive or negative, that 
gives 180 degrees phase shift per 64-symbol correlation 
interval, the corresponding accumulations Would be 

[0070] Collecting all of the above, We obtain four different 
Ways to accumulate four 64-symbol correlations: 

[0071] 1) I1+I2+I3+I4 Q1+Q2+Q3+Q4 for small fre 
quency error 

[0075] Aperson skilled in the art Will recogniZe the above 
as computing a four-point FFT. If desired, the correlation 
results can be combined instead With phase rotations of 
+/—45 degrees and +/—135 degrees instead of 0, +/—90 and 
+/—180 degrees to avoid the frequency error sign ambiguity 
of the +/—180 degree combination. This Would slightly 
modify the transition rules for drift compensated accumu 
lation disclosed beloW, but nevertheless in a manner that 
may be fully derived by a person of average skill in the art 
With the help of these teachings. 

[0076] An implementation of the current invention Which 
provides the highest performance therefore comprises accu 
mulating four 64-symbol correlations using all four of the 
above formulae. Then the magnitudes of the resulting 256 
chip correlations are accumulated from one signal repetition 
period to the neXt (i.e. slot-to-slot in the exemplary format 
of FIG. 3) in a set of 4><2560 bins, each set of 2560 bins 
corresponding to one of the above frequency error assump 
tions. 

[0077] When a bin value exceeds a detect threshold, the 
bin number then yields both a timing value (1-2560) and a 
frequency error (14) to use for accumulating correlations in 
FIG. 2(b). Note that it does not matter at this stage that With 
frequency error (4) We cannot tell if it is positive or negative. 
If the accumulation of type (4) above gave largest correla 
tion for sync detect stage 1, then it should also give correct 
accumulation for sync detect stage 2. 

[0078] It is seen that the above provides a means to 
classify frequency error into one of four smaller errors of 1A 
the error, as needed to alloW 256-symbol coherent correla 
tions. 

[0079] It is also possible to improve drift-compensated 
accumulation When frequency error is detected in the above 
Way. As described above, a bin value may be periodically 
replaced by the largest of three adjacent values to alloW for 
a one-bin timing drift over the period. If a bin is replaced by 
the neXt highest numbered bin value, it is an indication that 
the received frequency Was loW relative to the receiver’s 
frequency reference crystal oscillator and had drifted “late”. 
Conversely, replacing a bin value by the neXt loWer bin 
number indicates that the received frequency Was high. 

[0080] In the case of simultaneous frequency error detec 
tion using 4x256 bins, let the bins be numbered using tWo 
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indices j, k With k ranging from 1 to 2560 and j ranging from 
—1 to +3 to indicate frequency nominal (j=0); frequency high 
(j=1); frequency loW (j=—1) and frequency very high or loW 
0=+3> 
[0081] NoW, When a bin With second indeX k is replaced 
With a value from a bin With second indeX k—1, it indicates 
that the receiver’s frequency Was loW compared to the 
received signal. Thus, to be consistent, this should only 
occur for a second indeX j equal to —1 or +3; conversely, 
replacing bin value indeX k With k+1 should only be alloWed 
for j=+1 or +3. Replacing bin value indeX k With itself 
implies no frequency error, so should be done only for j=0. 

[0082] In practice, due to frequency error not falling 
eXactly into one of the four categories, some opportunity for 
“cross-fertilization” should be alloWed, resulting in the 
folloWing strategy: 

[0083] 1) Replace bin(0,k) by the largest of 

[0084] bin(0,k), bin(—l,k—1) and bin (l,k+1) 

[0085] 
[0086] 2) Replace bin(l,k) by the largest of 

[0087] bin(l,k), bin(l,k+1) and bin(3,k+2) 

[0088] 
[0089] 3) Replace bin(—l,k) by the largest of 

[0090] bin(—l,k), bin(—l,k—1) and bin(3,k—2) 

[0091] 
[0092] 4) Replace bin(3,k) by the largest of 

[0093] bin(1,k+1), bin(-l,k-1), bin(3,k-2) and 
bin(3,k+2) 

[0094] 
[0095] A person skilled in the art may devise other tran 
sition rules based on the same logic, namely that if symbol 
rates and radio frequency are derived at the transmitter and 
receiver from the same reference oscillators, then the sign of 
timing drift must be related to the sign of frequency error. 
The above transition rules thus involve less computation 
than ?nding the largest of tWelve values (4 frequency errors 
times 3 timing drifts of early, late and nominal), but may be 
restricted to ?nding the largest of 3 or 4 values. 

(frequency nominal, a bit loW or a bit high) 

(frequency more than a bit high) 

(frequency more than a bit loW) 

(frequency very high or very loW) 

[0096] The use of a four-point FFT for simultaneously 
accumulating correlations in four different Ways correspond 
ing to different frequency error postulates may of course be 
eXtended to larger FFTs for ?ner resolution of frequency 
error. An advantage of four-point FFTs hoWever, Which are 
suf?cient for the preferred system parameters, is that they do 
not require any multiplications but require only additions, 
Which reduces the complexity of the inventive receiver 
according to the invention. 

[0097] The above-described exemplary embodiments are 
intended to be illustrative in all respects, rather than restric 
tive, of the present invention. Thus the present invention is 
capable of many variations in detailed implementation that 
can be derived from the description contained herein by a 
person skilled in the art. All such variations and modi?ca 
tions are considered to be Within the scope and spirit of the 
present invention as de?ned by the folloWing claims. 
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What is claimed is: 
1. AsynchroniZation method for synchronizing a receiver 

With a transmitted signal, comprising the steps of: 

selecting a frequency channel and receiving a signal; 

?ltering, amplifying and sampling the signal to generate 
signal samples for processing; 

processing said samples using a ?rst code to detect 
correlation With said ?rst code; 

upon detection of correlation With said ?rst code, pro 
cessing said same signal samples using a timing iden 
ti?ed by said detected correlation and at least one 
second code to detect correlation With said at least one 
second code; 

upon detection of correlation With said at least one second 
code, processing said same signal samples using a code 
related to said second code to decode transmitted 
information; and 

testing for correct decoding of said information to verify 
correct synchroniZation. 

2. The method according to claim 1 in Which said step of 
selecting a frequency channel further comprises the step of: 

selecting said frequency channel from a prioritiZed chan 
nel list. 

3. The method of claim 2 in Which said prioritiZed channel 
list is prioritiZed based on memoriZed historical information. 

4. The method of claim 2 in Which said prioritiZed channel 
list is prioritiZed in order of received signal strength on each 
channel. 

5. The method of claim 2 in Which said prioritiZed channel 
list is prioritiZed based on the channels on Which synchro 
niZation Was achieved most recently. 

6. The method of claim 2 in Which said prioritiZed channel 
list is prioritiZed such that channels on Which synchroniZa 
tion has not historically been achieved are given a loW 
priority. 

7. The method of claim 2 in Which said channel list is 
prioritiZed based on measured received signal strength on 
each channel and on historical information. 

8. The method of claim 7 in Which channels With signal 
strength above a threshold at Which synchroniZation has 
previously been achieved are given a high priority and 
channels With signal strength beloW a threshold at Which 
synchroniZation has previously not been achieved are given 
a loW priority. 

9. The method of claim 1 in Which said ?ltering, ampli 
fying and sampling step to generate signal samples further 
comprises the step of: 

analog-to-digital converting at a sampling rate of at least 
one sample per signaling symbol interval. 

10. The method of claim 1 in Which said step of process 
ing With a ?rst code further comprises the step of: 

correlating a selected block of signal samples With cor 
responding symbols of said ?rst code, selecting each 
signal sample in turn to be the start of said block. 

11. The method of claim 10 in Which said block correla 
tions are performed using a sliding correlator. 

12. The method of claim 10 in Which said block correla 
tions are performed using a matched ?lter. 
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13. The method of claim 1 in Which said transmitted 
signal includes a repetitive pattern With a ?Xed repetition 
period of a Whole number of signaling symbols. 

14. The method of claim 13 in Which said step of 
processing to detect correlation With said ?rst code further 
comprises the step of: 

forming a correlation value for each alignment of said ?rst 
code With a symbol position Within said repetition 
period and accumulating said correlation values having 
the same alignment in successive repetition periods in 
a bin for each alignment. 

15. The method of claim 14 further comprising the step of: 

compensating said accumulation for timing drift. 
16. The method of claim 15 Wherein said step of com 

pensating further comprises the step of: 

periodically replacing a cumulative value by a largest of 
three adjacent cumulative values. 

17. The method of claim 16, Wherein said period is related 
to an accumulation time over Which timing drift of the order 
of one signaling symbol is likely. 

18. The method of claim 14 in Which a minimum value 
over all of said bins is subtracted from all of said bins to 
prevent numerical groWth and to form differential bin val 
ues. 

19. The method of claim 18 in Which detecting correlation 
With said ?rst code occurs When one of said differential bin 
values eXceeds a predetermined threshold. 

20. The method of claim 19 in Which a bin value exceed 
ing said predetermined threshold is set to Zero after said 
detection and then accumulation in said bin is continued. 

21. A method for synchroniZing a receiver With a trans 
mitted signal, comprising the steps of: 

selecting a frequency channel and receiving a signal; 

?ltering, amplifying and sampling the signal to generate 
signal samples for processing; 

processing said samples using a ?rst code to detect 
correlation With said ?rst code; and 

after detecting said correlation With said ?rst code, con 
tinuing to process further signal samples to detect 
further correlations With said ?rst code While process 
ing said same further signal samples to detect a second 
code. 

22. A method for synchroniZing a receiver With a trans 
mitted signal comprising the steps of: 

sequentially tuning said receiver to successive frequency 
channels and measuring received signals strength on 
said channels; 

forming said frequency channels into a ?rst list for testing 
in a prioritiZed order; 

tuning said receiver to the channel in said ?rst list With 
highest priority and receiving a signal; 

starting a timer to record time spent tuned to said channel 
and to compare the recorded time With a time-out 

value; 
?ltering, amplifying and sampling the received signal to 

generate signal samples for processing; 

processing said signal samples using a ?rst code to detect 
correlation With said ?rst code; 
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upon detecting correlation With said ?rst code, recording 
in a second list the timing position Within said signal 
samples of each such detected correlation; 

if said second list contains one or more entries, processing 
said signal samples to detect correlation With at least 
one second code at the corresponding recorded timing 
position; and 

if said timer reaches said time-out value, retuning said 
receiver to the channel of neXt highest priority in said 
?rst list and resetting said timer. 

23. A receiver for detection of synchronisation With a 
transmitter, comprising: 

?ltering, amplifying and conversion means for receiving 
signals and producing signal samples for processing; 

correlation means for correlating said signal samples With 
a ?rst code using time-shifts betWeen said received 
signal samples and said ?rst code and for correlating 
said same signal samples With at least one second code 
at speci?ed time-shifts; 

?rst detection means for detecting time shifts at Which 
correlation With said ?rst code eXceeds a ?rst threshold 
and recording said time-shifts in a ?rst memory; 

control means for specifying the time-shifts to said cor 
relation means for performing correlations With said at 
least one second code based on the time-shifts recorded 
in said ?rst memory; 

second detection means for detecting When a correlation 
With said at least one second code speci?ed by said 
control means eXceeds a second threshold and for 
recording the associated at least one second code and 
time-shift in a second memory; 

con?rmation means for processing said same signal 
samples using a code based on said second code to 
decode information and performing a decoding error 
check; and 

deletion means for deleting records from said second 
memory When said con?rmation means indicates 
decoding error. 

24. A method of synchroniZing a receiver With a trans 
mitted signal, said transmitted signal comprising a ?rst and 
second repeated coded pattern having a determined repeti 
tion period, comprising the steps of: 

selecting a frequency channel and receiving a signal; 

?ltering, amplifying and sampling the signal to generate 
signal samples for processing; 

correlating said signal samples With said ?rst coded 
pattern using different timing shifts in said repetition 
period betWeen said ?rst coded pattern and said signal 
samples to produce a ?rst correlation value for each 
time shift; 

accumulating correlation values that correspond to the 
same time shift in successive repetition periods in 
corresponding timing bins; 

detecting When the cumulative value in one of said timing 
bins exceeds the value in another of said timing bins by 
more than a ?rst threshold and recording the timing bin 
number in a ?rst memory; 
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When said memory contains at least one timing bin 
number, correlating said same signal samples With said 
second repeated code pattern using timing shifts cor 
responding to said recorded timing bin numbers and 
producing corresponding second correlation values; 
and 

accumulating said second correlation values in a number 
of second bins, each corresponding to an entry recorded 
in said ?rst memory While continuing to accumulate 
said ?rst correlation values in said timing bins. 

25. A method for transmitting a Code Division Multiple 
Access signal comprising the steps of: 

transmitting paging information having a repetitive frame 
structure on a given frequency using a ?rst spread 
spectrum access code, said paging information being 
used to address speci?c receivers; 

transmitting traffic information to individual receivers on 
said same given frequency using one of a set of second 
spread spectrum access codes assigned to each receiver, 
said traf?c transmissions overlapping in time With said 
paging information; and 

periodically transmitting a narroWband signal having sub 
stantially narroWer bandWidth than said traf?c and 
paging transmissions With a periodicity related to said 
repetitive frame structure. 

26. The CDMA method according to claim 25 in Which 
said step of periodically transmitting a narroWband signal 
further comprises the step of: 

transmitting a burst of unmodulated, continuous Wave 
energy. 

27. The CDMA method of claim 25 in Which said 
periodicity has a sliding time relationship With said frame 
structure. 

28. A method for time-synchronizing a receiver With a 
transmitted signal and determining a coarse frequency error 
estimate, comprising the steps of: 

computing correlations betWeen received signal samples 
and knoWn symbols included in said transmitted signal 
at periodic intervals, using several time-shifts betWeen 
said received signal samples and said knoWn symbols 
corresponding to early and late timing postulates; 

combining successive correlations corresponding to the 
same timing postulate using a combining method With 
no frequency error compensation to obtain ?rst cumu 
lative correlations; 

combining correlations made With successively later tim 
ing postulates using a combining method compensated 
for a receiver frequency that is relatively high com 
pared to the transmitted signal frequency to obtain 
second cumulative correlations; 

combining correlations made With successively earlier 
timing postulates using a combining method compen 
sated for a receiver frequency that is relatively loW 
compared to the transmitted signal frequency to obtain 
third cumulative correlations; and 

determining the largest of said ?rst, second and third 
correlations to determine a timing and a coarse fre 
quency error estimate. 

* * * * * 


