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A NOVEL ACQUISITION TECHNIQUE OF SPREAD SPECTRUM SIGNALS
USING TWO CORRECT CELLS JOINTLY
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ABSTRACT

In this paper, a new pseudo noise (PN) code acquisition
scheme for direct sequence spread spectrum (DS/SS) signals
is proposed based on a joint decision rule of two correct
cells (

���
cells) at which the code phase offset between the

locally generated and received PN codes is within a desired
small value. To derive the joint decision rule, the acquisi-
tion problem is modeled as a hypothesis testing problem and
then the locally optimum (LO) test statistic is used for the
problem. Finally, a novel acquisition technique is proposed
based on the joint decision rule. The detection and mean
acquisition time performances of the proposed acquisition
scheme are analyzed and compared with those of a conven-
tional acquisition scheme in which

���
cells are individually

used for detection. The numerical results show that the pro-
posed scheme not only has better performance but also is
more robust to the residual code phase offset variation than
the conventional scheme.

I. INTRODUCTION

In direct-sequencespread-spectrum(DS/SS)systems,the
pseudonoise(PN) codein the received signalshouldfirst
besynchronizedwith a locally generatedoneto demodulate
the received signal. Thesynchronizationprocessis usually
achieved in two steps;acquisition(coarsealignment)and
tracking(fine alignment),of which the former is dealtwith
in thispaper.

In thecodeacquisitionprocess,a correct(
���

) cell is de-
finedasthecell at which thecodephaseoffsetbetweenthe
locally generatedandreceivedPN codesis within a desired
small value: otherwise,thecell is calledan

���
cell. In ad-

dition, thedesiredoffsetrangeandoutsideof this rangeare
definedasthe

���
and
���

regions, respectively, in thispaper.
In practicalsystems,the

���
regionis typically ( �����
	 � ���
	 )

[1], where � is thesearchstepsizeand �
	 is thechip dura-
tion of the PN code. Thenthereexist two

���
cells in the

range.1 (Each
���

cell’senergy for detectionis smallerthan
thatof theonly

���
cell in perfectalignment).

So far, however, mostof the techniques[2][3] proposed
for (rapid) codeacquisitionhave beendiscussedunderthe
assumptionthat thereexistsonly one

���
cell in the

���
re-

gion (theperfectalignmentassumption).Althoughthefact
thatthereexist two

���
cellsin the

���
regionhasbeenmen-

tionedin [4], thetwo
���

cellsareusedonly oneby one,but
not jointly, for detectionin [4].

In this work, our aim is to improve the detectionper-
formancein the

���
region (and consequently, to enhance

the overall acquisitionperformance)via an efficient com-
bination of two

���
cells. In this paper, a single dwell

serial searchPN code acquisition with noncoherentin-
phase/quadrature-phase( � - 
 ) correlator is consideredin
nonselective Rayleigh fading channels. To derive a joint
decisionrule of the two

���
cells for enhancingthe detec-

tion performance,we first modeltheacquisitionproblemas
a hypothesistestingproblemand then usethe locally op-
timum (LO) teststatisticfor the problem. The motivation
of using the LO test statisticis as follows: first, sincethe
LO detectorhasthe maximumslopeof its power function
whenthesignal-to-noiseratio (SNR)approacheszero[5], it
is expectedto have quitegoodperformancewhenthe SNR
is low with a specifiedfalse-alarmprobability. Second,the
LO detectorcan alwaysbe obtainedand is usually easier
to implementthanotherdetectorsincludinguniformly most
powerful andoptimumdetectors[6][7].

In this paper, a novel acquisitiontechniquebasedon the
joint decisionrule is proposed.With the proposedacquisi-
tion scheme,a closed-formexpressionof themeanacquisi-
tion time is obtainedwith the statediagramand the prob-
abilities of detection,missing,andfalsealarmarederived.
Themeanacquisitiontimeperformanceof theproposedac-
quisition schemeis comparedwith that of a conventional�

Exceptionally, for perfectalignment,thereis only one � � cell. How-
ever, sucha caseoccurswith zeroprobability.
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acquisitionschemein which the ��� cells are individually
usedfor detection. Finally, numericalresultsaregiven to
show that the proposedschemenot only hasbetterperfor-
mancebut also is more robust to the residualcodephase
offsetvariationthantheconventionalscheme.

II. JOINT DETECTION OF TWO ��� CELLS USING
LOCALLY OPTIMUM TEST STATISTIC

A. Joint Decision Rule

In a DS/SSsystem,whenthedatamodulationis not con-
cerned,thereceivedsignalin anonselectiveRayleighfading
channelcanbeexpressedas[8]

� � � � ��� � ��� � � ��� �! �#" $%� � � & ' ( � )* � � +-, � � � ( . /*� )* � � 0 ��1*� � � 2 (1)

Here, 3 is thesignalpower; 4 5 6 798;:;<= >
? < 4 = @#A B 5 6DCFE G
H 7 ,where 4 =DIKJ C�L M N�L O is the E -th chipof aPNcodesequence
of period P and @#A B 5 6 7 is the PN codewaveform defined
asa unit rectangularpulseover Q R#M G
H S ; T is the time delay
normalizedto thechipdurationG
H ; UD5 6 7 and V*5 6 7 arethein-
phaseandquadrature-phasecomponentsof thefadingchan-
nel, respectively; W9H is the carrier angularfrequency; andX 5 6 7 representstheadditive white Gaussiannoise(AWGN)
with one-sidedpower spectraldensity Y-Z and is statisti-
cally independentof UD5 6 7 and V*5 6 7 . For Rayleigh fading
channels,UD5 6 7 and V*5 6 7 areuncorrelatedzero-meanGaus-
sianprocesseswith equalvariance[
\] . The channelis as-
sumedto bewide-sensestationary. Also, it is assumedthat
the fading processesof UD5 6 7 and V*5 6 7 areconstantsduring
onechip durationand,similarly asin [9], have autocorrela-
tion ^�Q UD5 E 7 UD5 _#7 S�8`^�Q V*5 E 7 V*5 _#7 S�8ba*c = ?!d c [
\] , where a%e f g is
thecorrelationcoefficientof thefadingprocess.

In thenoncoherenth - i correlatorreceiver, theoperation
is asfollows: thereceivedsignal j#5 6 7 is first down converted
to the h and i components.Then,the correlatorperforms
correlationbetweenthe locally generatedPN codeandtheh and i signalsover a dwell time 6 kl8nm;G
H , where m is
calledthecorrelationlength.Finally, theoutputsof the h andi branchesaresquaredandsummedto producea testsam-
ple in theconventionalreceiver. In theproposedreceiver, on
theotherhand,theoutputsof the h and i branchesarecom-
binedwith its immediatepreviousoutputsbyajoint decision
rule (which will bederivedlaterin thissection).

Letting oT e p g 8boT e Z g N X*q I Q R#M PDS bethetimedelayof the
locally generatedPNcodeat the X -th samplinginstant( oT e Z g
is aninitial time delay),we canwrite TlCroT e p g 8 q @ ZsNut ,
where @ Z is an integer and t I Q R#M q 7 is the residualcode
phaseoffset.Therangesof T9CFoT e p g correspondingto the ���
and ��Z regionsarethusgivenas ���9v9w T�CroT e p g w
x q and��ZDv
w TlCroT e p g w%y q , respectively. Then,the ��� region has

two ��� cells. For simplicity, in thispaper, full chip spacing
of q 8zL is used.

From (1) andthe operationof the noncoherenth - i cor-
relator receiver describedabove, the X -th outputsof the h
and i branchesof the correlatorare given by {%| Q X S}8~ | Q X S%N;Y�| Q X S and {#��Q X S�8 ~ ��Q X S*N;Y-��Q X S , respectively.
Here,

~ | Q X S and
~ ��Q X S arethecomponentsdueto thefaded

PN codeand Y�| Q X S and Y-��Q X S arezero-meanindependent
and identically distributed (i.i.d.) Gaussianrandompro-
cessesdueto theAWGN with variance[
\� 8;Y-Z m;G
H � � . It
is straightforwardto seethat

~ | Q X S and
~ ��Q X S aregivenby,

for X 8;R#M L M �#M � � � , ~ | Q X S
8;� 3�� p � A Be p ? � g � A B 4 5 6 N�T!G
H 7 4 5 6 NoT e p g G
H 7 UD5 6 7 � 6 and
~ ��Q X S*8 � 3F� p � A Be p ? � g � A B 4 5 6%N�T!G
H 7 4 5 6%NoT e p g G
H 7 V*5 6 7 � 6 , respectively. Eachchip in thesequence4 5 6 7

is modeledasanindependentrandomvariabletakingon N�L
and C�L with equalprobability. Furthermore,4 5 6 7 isassumed
to be independentof UD5 6 7 and V*5 6 7 . This randommodeling
on 4 5 6 7 is reasonablewhen Pb��m���L [4]. It should
benotedthat {%| Q X S and {#��Q X S arein generalneitherjointly
Gaussiannorindependentbecauseof

~ | Q X S and
~ ��Q X S whent is nonzero:yet, they areuncorrelated.In addition,with

themodelingthat 4 5 6 7 , UD5 6 7 , and V*5 6 7 aremutuallyindepen-
dentandtheassumptionof fastfading,

~ | Q X S and
~ ��Q X S can

be approximatedas Gaussianfor m���L by virtue of a
central-limit-theoremtype of argument.Therefore,we can
approximate{%| Q X S and {#��Q X S asindependentGaussianran-
domvariableswith thedistribution ��5 R#M [ \� � � � NK[ \� 7 , where

��5 �KM [ \ 7 representstheGaussiandistributionwith mean�
andvariance[ \ , and [ \�D� p � is thecommonvarianceof

~ | Q X S
and
~ ��Q X S . In [10], it is shown that

�#��%� � � �
��  �¡ � �¢s£l¤ ¥¦�§ � ��� ¨D+ § � � ©*ª if +�¨�«F��+}¬�!­ � ® «F¯ ,� �¢s£l¤ ¥¦ � ¨D+ § � � � § � ©*ª if ¯�°F��+u¬�!­ � ® «}¨ ,� �¢ £ � ¨9+�� § �K� § � � ª otherwise,

(2)

where±²8;m`N³�s: � ? �d > � 5 m´C-_#7 a d and µ³8;� [ \] 3�G
H � Y-Z
is theSNR/chip.

In addition, {%| Q X S ’s and {#��Q X S ’s areboth obtainedfrom
disjoint observationsat every samplinginstantand as the
SNR/chip( µ ) decreasesand fading rate increases(conse-
quently, ¶� decreases),theeffectof

~ | Q X S and
~ ��Q X S reduces

with respectto thedominatingnoisecomponentsY�| Q X S andY-��Q X S . Then {%| Q X S ’s and {#��Q X S ’s are both approximately
uncorrelated.Couplingthisresultwith theGaussianapprox-
imationon {%| Q X S ’s and {#��Q X S ’s, it thenfollows that {%| Q X S ’s
and {#��Q X S ’s arebothapproximatedto bemutually indepen-
dentGaussianrandomvariables.In SectionIV, it is shown
that simulationresultsconfirm thevalidity of theGaussian
approximation.

Now, we formulatethe detectionproblemasa hypothe-
sis testingproblemof choosingbetweena null hypothesis·�¸

and an alternative hypothesis
·K¹

describingthe joint
probabilitydensityfunction (pdf) of theobservationvector

2
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Fig. 1. Thestructureof theproposedcombiner.

Á²ÂÄÃ Å%Æ Ç È#É Ê Å#Ë�Ç È#É Ê Å%Æ Ç ÈFÌÎÍ É Ê Å#ËsÇ ÈFÌÎÍ É Ï
. From (2) and

above discussions,we have

ÐlÑ*ÒÔÓ Õ Ö ×sØ Ù Ú*Û�Ü�ÝÞ ß Õ#à Ö á Þ Ò â ã ä ååä åæ Ú à Ö á Þ ç Ý Ò â ã ä åèä åæ Ú ã (3a)

and Ð-éDÒÔÓ ê Ö ×sØ Ù Ú*Û�ÜlëÞ ß Õ à Ö á Þ Ò â ã ì Ú (3b)

afternormalizationby í#î . Here, ï Ã ð³ñ òKÊ í
ó Ï representsthe
Gaussianpdf with mean

ò
andvarianceí ó , í óô Â í óõ Ã Í�ö÷ Ã øù�ú ó örÃ Í�Ì ú Ï ó Ï Ï , í
óó Â í
óõ Ã Í�ö ÷ Ã øù Ã Í�Ì ú Ï ó ö ú ó Ï Ï ,í óî Â í óõ Ã ÍDö ÷ Ã ÍsÌKû ú ö�û ú ó Ï Ï , and ü ÂrÃ Å ô Ê Å ó Ê Å î Ê Å#ý Ï is

a realizationof
Á

. Notethat í
óô�þ í
óî and í
óó þ í
óî .Now, we derive a decisionrule for the joint detectionof
thetwo ÿ ô cellsin the ÿ ô region usingtheLO teststatistic.
From the generalizedNeyman-Pearsonlemma[5], the LO
teststatisticcanbeobtainedas����� Ö ×sØ Ù Ú*Û�� � Ó Õ Ö ×sØ Ù Ú� � �

				 
 ß ê � Ó ê Ö ×sØ Ù Ú ã (4)

where � is theorderof the first nonzeroderivative of 
 ô at÷ Â�� . By averagingover ú , it canbe shown [10] that (4)
yields ����� Ö ��Ú*Û���� � � ����� ���Fì � ã

(5)

where � Ç È#É = Å óÆ Ç È#É#öuÅ óË Ç È#É . Notethat � Ç È#É#ö � Ç È�ÌuÍ É
ÂÅ óÆ Ç È#É ö-Å óË Ç È#É ö-Å óÆ Ç È9Ì-Í É ö-Å óË Ç È9Ì-Í É canbeconsideredasthe
sumof signalenergy in thepresentandimmediateprevious
cells. Theclassof energy detectorsarefrequentlyusedfor
randomsignalsin classicalsignaldetectionproblems[5][6].

B. System Description

The structureof thecombinerbasedon thedecisionrule
obtainedin theprevioussubsectionis shown in Fig. 1. The
threshold� is determinedby thespecifiedfalsealarmprob-
ability asin the usualdetectionschemes.In the combiner,
theoutputsof thetwo branchesof thecorrelatoraresquared
andsummedto produce� Ç È#É . Thenwith onedelayunit and
anadder, wecanobtain � Ç È#É ö � Ç È-ÌKÍ É . If � Ç È#É ö � Ç È-ÌKÍ É
is smallerthanthe threshold� , we takethe next sampleto

continue.If � Ç È#É ö � Ç È-ÌFÍ É is largerthanthethreshold,we
choosethecodecorrespondingto ���  Ã � Ç È#É Ê � Ç È-Ì�Í É Ï , not
thecodecorrespondingto justeither � Ç È#É or � Ç È�Ì�Í É . That
is, theresultof thecodeacquisitionis ! Ã "*ö$#%'& ( ) *,+ Ï , where#% & ( ) Â�#% & - ) ö � . /'0 ���  Ã � Ç È#É Ê � Ç È�ÌlÍ É Ï 1 . Sincethedecision
rule usestwo samples,� Ç È#É and � Ç È�ÌuÍ É , thecomposition
of the cells is oneof 0 ÿ - Ê ÿ - 1 , 0 ÿ - Ê ÿ ô 1 , 0 ÿ ô Ê ÿ ô 1 , and0 ÿ ô Ê ÿ - 1 . Therefore,evenif � Ç È#É%ö � Ç È³ÌuÍ É exceedsthe
threshold� , only onecell of the two cells may be correct.
Thus,when it is decidedthat we areunderthe ÿ ô region
(that is, when � Ç È#É%ö � Ç È�Ì Í É32 � ), we would have more
chanceof correctdetectionif wechose���  Ã � Ç È#É Ê � Ç È�Ì�Í É Ï
asourestimatethanif we chosejust � Ç È#É or � Ç È�ÌuÍ É .

III. PERFORMANCE ANALYSIS

In Fig. 2,State4 is thestatefrom whichatransitionto the
acquisitionstate( 5�687 ) canoccur, States9 ô Ê 9 ó Ê : : :#Ê 9,; < ô
correspondto thecellsunder ÿ - . (For activecorrelation,as
in this paper, a statediagramapproachbasedon a Markov
chainmodelingis approximatelyvalid for fading channels
[11]). Sincewe usetwo successive samplesfor the acqui-
sition process,4 has four substates,as shown in Fig. 2.
In Fig. 2, State * ô ( * ó ) occurswhen the current cell is
under ÿ ô ( ÿ - ) and the immediateprevious cell is underÿ - ( ÿ ô ). In * ô ( * ó ), if the ÿ ô cell is selected,acquisi-
tion is achieved; if the ÿ - cell is selected,falsealarmoc-
curs; and if no decisionis made(that is, if the test vari-
able � Ç È#É9ö � Ç È�ÌrÍ É is less than the threshold),a tran-
sition to = ( 9,; < ô ) occurs. From this discussion,we call* ô and * ó the transition states. In = , either an acquisi-
tion or a ’missing’ canoccur, sincethetwo cellsundertest
areboth under ÿ ô : if a decisionis madeanyway, thenthe
acquisitionis achieved; otherwise,a ’missing’ occursand
the statechangesto * ó . State > is the false alarm state
which is anintermediatestateat which a transitionfrom * ô
to = or from * ó to 9,; < ô may occur. After somealgebra,

ACQ


V

?

2
T

@

1
-
v
F
1
T


U


S

A

)
(

2

B z
CH

D

U
T


1
F

E

)
(
0
 z
H

F

)
(

1


z
H

G

U
T

D

HJ
z
 τ


D


D

z
IP

J

T

τ


1
 D

K

z
P
V

τ


D


D

z
IP


J
T


τ

2


D

L

M

z
P
T


τ

1


D

L

M

z
P
T


τ

2


D


M
D

z
MP
P
z
H
 T
T
U
T


τ
)
1
(
)
(

2
2
2


−
−
=
D


M
D

z
P
P
z
MH
 T
T
U
T


τ
)
1
(
)
(

1
1
1


−
−
=


D

K

z
NP
V

τ
)
1
(
−


D
J
z
 τ


Fig. 2. Thedetailsof StateO .

the meanacquisitiontime *QP Â�R 0 *,S + T 1 canbe obtained
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as UQVXWZY[]\,^ Y _ ` a�bc8d e f g a�bhid e f g�d j kle f a�bm d e f n,e k []\Q^ Y _oqpQr .
Here,

a c d e f W8s,t u \ g�d e k s,t u \ f s�v g�d e k s,t u \ f d e k s�v f s,t w \ ,a bc d e f W8x czy s,t u \ gQ{ | g�}3d e k s,t u ~ f kzd },g�| f s,t u \l� s�v gl� � g'}d e k s,t u h f k�d } g,� f s,t u \3� d e k s�v f s,t w \'� , a bm d e f W8x czy e g,} s,� � ,a�bhXd e f W8x czy d e k s�v f y { � g�}3d e k s,t u ~ f kzd },g�� f s,t u \l� s,t w ~ f g� }�g��Qg�}3d eQk s,t u ~ f�k�d | }3g�� f s,t u \3� d eQk s,t w ~ k s,t w \ f � � ,x c is the dwell time (which is equal to � � ), } is the
penalty time due to false alarm, s,t � \ and s,t � ~ are
the probabilities of detectionand missing in UQ� , respec-
tively, s�v is the probability of detection in � , ands,� is the false alarm probability in �,� . Then, as
shown in [10], the probabilities are given as follows:s�v8W�� o Y � ���Q� ���o�� o Y a o Y � ��� w u � Y� w u k � ��� � ���o�� o Y � �l� s,t u \ Wk � Y �Q� ���'� ���� a Y � � g � Y �Q� ���'� ���o8� Y � a Y � �Q��� u   � Y� u   k � ���Q� ����� Y � � �l� s,t w \ W k�¡ � o � ���'� ���� a � o � g£¢ � o � ���Q�Q���� d a � o g� � o f ����¤   w � Y¤   w k � ���'� ���� � � o � � , s,t u ~8W e k � Y �Q� ���Q� ���o � Y �

a Y � �� � u   � Y� u   k � ���Q� ���o � Y � � � , s,t w ~�W e k � � o � ���'� ���o � � o
a � o � � �   w � Y�   wk � ���'� ���o � � o � � , and s,�iW � e�g � o � � � a � � � � ���Q� ���o � � � a � � � .

Here, � � ¥'W�¦ o¥�§ d ¦ o� g ¦ o¥ f , a � ¥QW�¦ o¨�d ¦ o� g ¦ o¥ f § ¦ o� ¦ o¥ , ��� ¥'W¦ o¥ § d ¦ o� k ¦ o¥ f , � � ¥ W8¦ o¨ d ¦ o� k ¦ o¥ f § ¦ o� ¦ o¥ , ¡ � ¥ W d a � ¥ g � � ¥ f § d a � ¥ g� � ¥ g�| � � ¥ a � ¥ f , ¢ � ¥ W d a � ¥ g � � ¥ f § d | � � ¥ a � ¥ k a � ¥ k � � ¥ f , and© W8ª § ¦ o¨ .
In thenext section,wecomparetheproposedsystemana-

lyzedabovewith aconventionalsystemvia numericalmeth-
ods,sinceadirectanalyticcomparisonis not feasible.

IV. NUMERICAL RESULTS AND DISCUSSION

In this section,we comparethe meanacquisitiontime
performanceof the proposedsystemwith that of the con-
ventionalsystemin which

a Y cellsareindividually usedfor
detection. In evaluatingthe performance,we considerthe
following systemparameters:PN codeof � =32767chips
(whichis generatedfrom aprimitivepolynomial « Y ¬ g « g�e ),
correlationlengthof ­ =1023chips,andfalsealarmpenalty
time of } W e ® � chips.For thecomparisonof themeanac-
quisition timesof the proposedandconventionalschemes,
the threshold ª is selectednumerically to minimize the
meanacquisition time at eachvalue of SNR/chip. Note
thattheSNR/chipis definedas | ¦ o¯ szU,° § ± m in SectionII.A.
The correlationcoefficient of the fading processis taken
as ²���W } m d | ³,´ � U,° µ f [12], where } m d ¶ f is the zeroth-order
Besselfunctionand ´ � is themaximumDopplerfrequency
shift. Theproductof maximumDopplerfrequency shift and
chip durationis assumedto be e ® � � .

Fig. 3 shows the detectionprobabilitiesof the conven-
tional andproposedschemesfor ­qW e ® | � , s,�·W e ® � o ,
and ¸�W ®�¹ º . In thesimulation,thefadingsamples» d µ f and

¼ d µ f wereproducedby Jakesmodel[12] andeachpoint was
obtainedfrom e ® ¬ runs. In this figure, thedetectionproba-
bility of theproposedschemerepresentstheprobability s�v
given in State � . As expected,the detectionperformance
of the proposedschemeis better than that of the conven-
tional scheme. In this figure, a closeagreementbetween
the analysisresultsbasedon Gaussianapproximationand
thesimulationresultsbasedon MonteCarlorunscanbeob-
served,whichimpliestheGaussianapproximationmodeling
on ½'¾ y ¿�� ’s and ½�À y ¿�� ’s discussedin SectionII.A is reason-
ablein thesecases.

Fig. 4 shows the averagedmeanacquisitiontime, nor-
malizedto � U,° (i.e., ÁzÂ { UQV � § � U,° ), of theconventionaland
proposedschemes.Here, ÁzÂ denotestheexpectationover ¸ .
Fromthefigure,wecanseethattheproposedschemeyields
an improvementof roughly e - ��Ã�¢ over the conventional
scheme.This canbe explainedasfollows. In the conven-
tional scheme,

a Y cellsareindividually usedfor detection:
in the proposedscheme,on the other hand, two

a Y cells
areusedjointly for detection.Thus,the signalenergy cor-
respondingto each

a Y cell in the
a Y region areefficiently

combinedandthenusedfor detection.That is, in the pro-
posedscheme,during the detectionprocess,we canobtain
more accurate informationon the signalfrom the two reli-
able cells. Therefore,theproposedschemeperformsbetter
thantheconventionalscheme:that is, theproposedscheme
hassmallermeanacquisitiontime.

Fig. 5 shows the meanacquisitiontime of the conven-
tional andproposedschemesastheresidualcodephaseoff-
set ¸ changes.Fromthefigure,it is clearthatthedifference
of themeanacquisitiontimebetweentheproposedandcon-
ventionalschemesbecomeslarger, as ¸ approachestheworst
casevalue ¸�W ®�¹ º : when ¸�W ®�¹ º , theaveragesignalenergy
in the

a Y region is smallestaswecanseefrom (2). Thisob-
servationalsoallows us to seethat the proposedschemeis
morerobustto theresidualcodephaseoffsetvariationthan
theconventionalscheme.When ¸ is smaller, Ä y ¿�� is larger
and Ä y ¿ k�e � is smaller;when ¸ is larger, on theotherhand,Ä y ¿�� is smallerand Ä y ¿ k£e � is larger. Therefore,in the
conventionalschemewhich individually uses

a Y cells for
detection,theperformancealsoexperiencesmuchvariation
as ¸ changes.In the proposedscheme,on the otherhand,
sincethe teststatisticfor detectionis Ä y ¿�� g Ä y ¿ kÅe � , the
teststatisticcanmaintainrelatively constantsignalenergy
underthe variationof ¸ . This is why the proposedscheme
is lesssensitive to the variationof ¸ than the conventional
scheme.

V. CONCLUSION

In this paper, a new PN codeacquisitionschemeusing
joint detectionof two

a Y cellsin the
a Y regionhasbeenpro-
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Fig. 4. Comparisonof the averagedmeanacquisitiontime nor-
malizedthePNcodeperiodbetweentheconventionalandpro-
posedschemes.

posedandits performancehasbeenevaluatedin a Rayleigh
fading channel.Using the locally optimumteststatistic,a
joint decisionrule of thetwo Ø�Ù cellshasbeenderivedand
a new acquisitionsystemhasbeenproposedbasedon the
joint decisionrule. We have analyzedthe performanceof
the proposedscheme:the closed-formof the meanacqui-
sition time hasbeenobtainedand the detection,missing,
andfalsealarmprobabilitieshave beenderived.Theperfor-
manceof theproposedschemehasbeencomparedwith that
of theconventionalschemewhichindividuallyusesØ�Ù cells
for detection. From the results,it hasbeenobserved that
theproposedschemeyieldsroughly Ú - Û�Ü�Ý improvementin
SNR/chipover the conventionalscheme. It hasalso been
foundthat theproposedschemeis morerobustto theresid-
ual codephaseoffsetchangethantheconventionalscheme.
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Fig. 5. Comparisonof themeanacquisitiontime of theconven-
tionalandproposedschemesastheresidualcodephaseoffset
( Ò ) changes.
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