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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(  cdls) at which the code phase offset between the
locally generated and received PN codes iswithin a desired
small value. To derive the joint decision rule, the acquisi-
tion problemis modeled as a hypothesis testing problemand
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 schemeinwhich  cellsareindividually
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-sequencspread-spectrufDS/SS)systemsthe
pseudonoise (PN) codein the receved signal shouldfirst
be synchronizedvith alocally generate@neto demodulate
thereceved signal. The synchronizatiorprocesss usually
achieved in two steps;acquisition(coarsealignment)and
tracking(fine alignment),of which the formeris dealtwith
in this paper

In the codeacquisitionprocessa correct( ) cell is de-
fined asthe cell at which the codephaseoffsetbetweerthe
locally generatedndreceved PN codesis within adesired
smallvalue: otherwise the cell is calledan cell. In ad-
dition, the desiredoffsetrangeandoutsideof this rangeare
definedasthe and regions, respectiely, in this paper
In practicalsystemsthe  regionistypically ( )
[1], where is thesearchstepsizeand s thechip dura-
tion of the PN code. Thenthereexist two cellsin the

range.! (Each cell'senegy for detectionis smallerthan
thatof theonly  cellin perfectalignment).

So far, however, mostof the techniqueg2][3] proposed
for (rapid) codeacquisitionhave beendiscussedinderthe
assumptiorthatthereexistsonly one  cellinthe  re-
gion (the perfectalignmentassumption) Although the fact
thatthereexisttwo  cellsinthe  region hasbeenmen-
tionedin [4], thetwo  cellsareusedonly oneby one,but
notjointly, for detectionin [4].

In this work, our aim is to improve the detectionper
formancein the region (and consequentlyto enhance
the overall acquisitionperformance)ia an efficient com-
bination of two cells. In this paper a single dwell
serial searchPN code acquisition with noncoherentin-
phase/quadrature-phage- ) correlatoris consideredin
nonselectre Rayleighfading channels. To derive a joint
decisionrule of the two cells for enhancingthe detec-
tion performanceyve first modelthe acquisitionproblemas
a hypothesistesting problemand then usethe locally op-
timum (LO) teststatisticfor the problem. The motivation
of usingthe LO teststatisticis asfollows: first, sincethe
LO detectorhasthe maximumslopeof its power function
whenthe signal-to-noiseatio (SNR)approachegero[5], it
is expectedto have quite good performancevhenthe SNR
is low with a specifiedfalse-alarmprobability. Secondthe
LO detectorcan alwaysbe obtainedand is usually easier
to implementthanotherdetectorsncludinguniformly most
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acquisitionschemein which the cells areindividually

usedfor detection. Finally, numericalresultsare givento

show that the proposedschemenot only hasbetterperfor

mancebut alsois more robust to the residualcode phase
offsetvariationthanthe corventionalscheme.

1. JOINT DETECTIONOF TWO  CELLSUSING
LOCALLY OPTIMUM TEST STATISTIC

A. Joint Decision Rule

In aDS/SSsystemwhenthe datamodulationis not con-
cernedtherecevedsignalin anonselectie Rayleighfading
channekanbeexpresseds|8]

1)

Here, isthesignalpower; ,
where is the -th chip of aPNcodesequence
of period and is the PN code waveform defined

asa unit rectangulampulseover ; is thetime delay
normalizedo thechip duration ; and arethein-
phaseandquadrature-phassomponent®sf thefadingchan-
nel, respectiely; is the carrier angularfrequeng; and

representshe additive white Gaussiamoise(AWGN)
with one-sidedpower spectraldensity and is statisti-
cally independenbf and For Rayleighfading
channels, and areuncorrelatedzero-meanGaus-
sian processesvith equalvariance . The channelis as-
sumedto be wide-sensestationary Also, it is assumedhat
the fading processe®f and are constantgduring
onechip durationand,similarly asin [9], have autocorrela-
tion , where is
the correlationcoeficient of thefadingprocess.

In the noncoherent -  correlatorrecever, the operation
is asfollows: therecevedsignal is first down corverted
tothe and components.Then,the correlatorperforms
correlationbetweerthe locally generated®N codeandthe

and signalsover a dwell time , Where is
calledthecorrelationiength.Finally, theoutputsof the and

branchesresquarecandsummedo produceatestsam-
plein thecorventionalrecever. In theproposedecever, on
theotherhand theoutputsof the and branchesrecom-
binedwith itsimmediatepreviousoutputsby ajoint decision
rule (whichwill bederivedlaterin this section).

Letting bethetime delayof the
locally generatedPN codeatthe -th samplinginstant(
is aninitial time delay),we canwrite ,
where is anintegerand is the residualcode
phaseoffset. Therangeof correspondingo the
and regionsarethusgivenas and

, respectiely. Then,the  regionhas

two  cells. For simplicity, in this paper full chip spacing
of is used.

From (1) andthe operationof the noncoherent- cor
relatorrecever describedabore, the -th outputsof the
and branchesof the correlatorare given by

and , respectiely.
Here, and arethe componentslueto thefaded
PN codeand and arezero-mearindependent
and identically distributed (i.i.d.) Gaussianrandompro-
cesseslueto the AWGN with variance Lt
is straightforwardo seethat and aregivenhby,

for ,

and

, respectrely. Eachchipin the sequence
is modeledasanindependentandomvariabletakingon
and  with equalprobability. Furthermore, isassumed
to be independenof and . Thisrandommodeling
on is reasonablavhen [4]. It should
be notedthat and arein generalneitherjointly
Gaussiamorindependenbecausef and when
is nonzero:yet, they areuncorrelated.In addition, with
themodelingthat , and aremutuallyindepen-
dentandthe assumptiorof fastfading, and can
be approximatedas Gaussiarfor by virtue of a
central-limit-theorentype of agument. Therefore,we can
approximate and asindependenGaussiaman-

domvariableswith thedistribution , where

representthe Gaussiaristributionwith mean
andvariance , and is thecommonvarianceof

and . In[10], it is shovnthat

— if ,
— if , (2

otherwise,
where and
is the SNR/chip.
In addition, 'sand 's are both obtainedfrom

disjoint obsenationsat every samplinginstantand as the
SNR/chip( ) decreasesnd fading rate increasegconse-
guently — decreasesjheeffectof and reduces
with respecto the dominatingnoisecomponents and
. Then 'sand 's are both approximately
uncorrelatedCouplingthisresultwith the Gaussiarapprox-
imationon 'sand 's, it thenfollows that 'S
and 'sarebothapproximatedo be mutuallyindepen-
dentGaussiarrandomvariables.In SectionlV, it is shavn
that simulationresultsconfirm the validity of the Gaussian

approximation.
Now, we formulatethe detectionproblemasa hypothe-
sis testingproblemof choosingbetweena null hypothesis
and an alternatve hypothesis  describingthe joint
probability densityfunction (pdf) of the obsenation vector
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Fig. 1. Thestructureof the proposeccombiner

. From (2) and
above discussionsye have

— — (3
and
(3b)
afternormalizatiorby . Here, representghe
Gaussiampdf with mean andvariance
a ’ ,and a is:

arealizationof . Notethat and .

Now, we derive a decisionrule for the joint detectionof
thetwo  cellsinthe regionusingtheLO teststatistic.
From the generalizedNeyman-Pearsotemma|5], the LO
teststatisticcanbeobtainedas

Aro dT / (4)
1
wherev is the orderof the first nonzeroderivative of f at
0. By averagingover , it canbe shovn [10] that (4)
yields

Ao U Z[n]—l—Z[n— ] (5)

. Notethat” Z
canbeconsideredsthe
sumof signalenengy in the presentandimmediateprevious
cells. The classof enegy detectorsarefrequentlyusedfor
randomsignalsin classicakignaldetectionproblemg5][6].

where/ =

B. System Description

The structureof the combinerbasedon the decisionrule
obtainedin the previous subsections shovnin Fig. 1. The
thresholdy is determineddy the specifiedfalsealarmprob-
ability asin the usualdetectionschemes.n the combiner
theoutputsof thetwo branche®f the correlatoraresquared
andsummedo produceZ . Thenwith onedelayunitand
anadderwe canobtain/ VA Af 7 VA
is smallerthanthe thresholdn, we takethe next sampleto

continue.lf 7 VA is largerthanthethresholdwe
choosdghecodecorrespondingo max 2 2 , hot
thecodecorrespondingo justeitherZ or 2 . That

is, theresultof the codeacquisitionis ¢ ¢ 74T , where

7 20 arg{max Z Z }. Sincethedecision
rule usestwo samples/ andz , thecomposition
of thecellsisoneof { o o}, { o }, { }, and
{ o}. Thereforeevenif 7 Z exceedshe

thresholdn, only onecell of the two cells may be correct.
Thus,whenit is decidedthat we are underthe region
(thatis, whenZ Z > n), we would have more
chanceof correctdetectionf wechosemax /7 7

asour estimatehanif we chosgustZ orZ

1. PERFORMANCE ANALYSIS

In Fig. 2, States is thestatefrom whichatransitionto the
acquisitionstate( AC'()) canoccurg, Statesl” F F,_
correspondo thecellsunder 4. (For active correlation,as
in this paper a statediagramapproachbasedon a Markov
chainmodelingis approximatelyvalid for fading channels
[11]). Sincewe usetwo successie sampledor the acqui-
sition process,S hasfour substatesas shown in Fig. 2.
In Fig. 2, StateT' (1') occurswhen the currentcell is
under ( o) andthe immediateprevious cell is under

o (). InT (1), if the cell is selected,acquisi-
tion is achieved; if the ¢ cell is selectedfalse alarmoc-
curs; andif no decisionis made(thatis, if the testvari-
able 7 VA is lessthan the threshold),a tran-
sitionto V' (F,_ ) occurs. From this discussionwe call
T andT the transitionstates. In V, either an acquisi-
tion or a’'missing’ canoccut sincethetwo cells undertest
arebothunder : if a decisionis madearyway, thenthe
acquisitionis achieved; otherwise,a 'missing’ occursand
the statechangeso 7. StateU is the false alarm state
whichis anintermediatestateat which a transitionfrom 7’
toV orfromT to F,_ mayoccur After somealgebra,

H (@ =Q-R,, =R, )Z°

My (=0-R, -R, )2

Fig. 2. Thedetailsof States.

the meanacquisitiontime 7'y~ /{T,.,} canbe obtained



asTy = #(1){Hb(1)—|—H]’w(1)—|—(v—1)H(’)(1){I—HDQ(I)H.
Here’HD(l):PTufl_(l_PTu))PV+(1_PT1D)(1_PV)PT2D’
H/D(1):TD[PT1D+{2+J(1_PT1M)_(J+2)PT1D}PV‘I_{g-I_J
(1_PT1M)_(J+3)PT1D}(1_PV)PT2D]1 H(/J(l):TD[H—JPF]’
Hy (D) =rp[(HV)[{3+J (1=Pr,y, )= (J+3) Pry p } Pryy, W
{J+3+J(1_PT1M) - (2J+3)PT1D }(1_PT2M_PT2D)]]7
p is the dwell time (which is equalto t;), J is the
penalty time due to false alarm, Pr,, and Pr,, are
the probabilities of detectionand missingin 1}, respec-
tively, Py is the probability of detectionin V, and
Pr is the false alarm probability in £;. Then, as
showvn in [10], the probabilities are given as follows:

PV :I('Qlexp(%Gngzl) (Ryﬁ};—l —exp(ﬂLgl)) PTlD =
—G3 exp(%H13)—|—K13 eXP(ﬂG13H13) (M’—Hexp(ﬂ

K 13

L13)) Pr,, = —As exp( H32) + B3y exp( L (Hsz+
L3 ))(B]g""'l—exp( Wng)) PTlM_l Klgexp( G13H13)
(1‘11‘31'1 exp( ;ng})) Pr,,,=1-Ks; exp( GlsgHs )(I‘ﬁ?;l
—exp(TWng)), and Pp = (1+%G33H33)€Xp<ﬂG33H33)
Here,Gij=0%/(0f+02), H;j =03 (0f+0%)/0f0?, Kij=
0]2‘/(02'2_0]2‘)1LZJ—UN(U—U )/‘722‘7]211421—( Hiptij) [ (Higt
Lij42Gi; Hij), Bij=(Hij+Lij) /(2GiHi—Hyj—Li;), and
v=n/0%-

In the next sectionwe comparegheproposedystemana-
lyzedabove with acorventionalsystenvia numericaimeth-
ods,sinceadirectanalyticcomparisoris not feasible.

IV. NUMERICAL RESULTSAND DISCUSSION

In this section,we comparethe meanacquisitiontime
performanceof the proposedsystemwith that of the con-
ventionalsystemin which H; cellsareindividually usedfor
detection. In evaluatingthe performancewe considerthe
following systemparameters:PN codeof 1=32767 chips
(whichis generatedrom aprimitivepolynomialz'®+z+1),
correlationlengthof M =1023chips,andfalsealarmpenalty
time of J = 10* chips. For the comparisorof the meanac-

guisition times of the proposedand corventionalschemes,

the thresholdn is selectednumerically to minimize the
meanacquisitiontime at eachvalue of SNR/chip. Note
thatthe SNR/chipis definedas2s2 PT. /Ny in Sectionll.A.
The correlationcoeficient of the fading processis taken
asp; = Jo(2w f41.7) [12], where.Jy(-) is the zeroth-order
Besselfunctionand f; is the maximumbDopplerfrequeny
shift. Theproductof maximumbDopplerfrequeng shift and
chip durationis assumedo be 10~2.

Fig. 3 shaws the detectionprobabilitiesof the corven-
tional and proposedschemedor M = 1023, Pr = 1072,
ands = 0.5. In thesimulation,thefadingsamples:(z) and

y(7) wereproduceddy Jakesnodel[12] andeachpointwas
obtainedfrom 10° runs. In this figure, the detectionproba-
bility of the proposedschemeepresentshe probability Py
givenin Statel’. As expected,the detectionperformance
of the proposedschemeis betterthanthat of the corven-
tional scheme. In this figure, a close agreemenbetween
the analysisresultsbasedon Gaussiamapproximationand
thesimulationresultsbasedn Monte Carlorunscanbeob-
sened,whichimpliesthe Gaussiampproximatiormodeling
onur[n]’'sandug(n]'s discussedn Sectionll.A is reason-
ablein thesecases.

Fig. 4 shows the averagedmeanacquisitiontime, nor-
malizedto LT. (i.e., Es{T4}/LT.), of thecorventionaland
proposedschemesHere, I’s denoteghe expectationover §.
Fromthefigure,we canseethatthe proposedschemeyields
an improvementof roughly 1-3 dB over the corventional
scheme.This canbe explainedasfollows. In the corven-
tional scheme H; cellsareindividually usedfor detection:
in the proposedscheme,on the other hand,two fi; cells
areusedjointly for detection. Thus,the signalenegy cor
respondingo eachH; cell in the H; region are efficiently
combinedandthenusedfor detection. Thatis, in the pro-
posedschemeduring the detectionprocesswe canobtain
more accurate informationon the signalfrom the two reli-
able cells. Therefore the proposedschemeperformsbetter
thanthe corventionalschemethatis, the proposedscheme
hassmallermeanacquisitiontime.

Fig. 5 shaws the meanacquisitiontime of the corven-
tional andproposedschemesstheresidualcodephaseoff-
setd changesFromthefigure,it is clearthatthe difference
of themeanacquisitiontime betweertheproposedndcon-
ventionalschemesecomesarger, asé approachetheworst
casevalues = 0.5: whend = 0.5, theaveragesignalenegy
in the H; regionis smallestaswe canseefrom (2). This ob-
senationalsoallows usto seethatthe proposedschemeis
morerobustto theresidualcodephaseoffsetvariationthan
the corventionalscheme When$ is smaller Z[n] is larger
andZ[n — 1] is smaller;when{ is larger, onthe otherhand,
Z|[n] is smallerand Z[n — 1] is larger Therefore,in the
corventionalschemewhich individually usesH; cells for
detectionthe performancealsoexperiencesnuchvariation
asd changes.In the proposedschemepn the otherhand,
sincethe teststatisticfor detectionis Z[n] + Z[n — 1], the
teststatisticcan maintainrelatively constantsignal enegy
underthe variationof §. This is why the proposedscheme
is lesssensitize to the variationof § thanthe corventional
scheme.

V. CONCLUSION

In this paper a new PN codeacquisitionschemeusing
joint detectiorof two H; cellsin the H; regionhasbeempro-
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posedandits performancénasbeenevaluatedn a Rayleigh
fading channel. Using the locally optimumtest statistic,a
joint decisionrule of thetwo H; 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. The perfor

manceof the proposedchemenasbeencomparedvith that
of thecorventionalschemeavhichindividually usest{; cells
for detection. From the results,it hasbeenobsened that
theproposedschemeyieldsroughly1-3 d B improvementn

SNR/chipover the corventionalscheme. It hasalsobeen
foundthatthe proposedschemds morerobustto theresid-
ual codephaseoffsetchangethanthe corventionalscheme.
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Fig.5. Comparisorof the meanacquisitiontime of the corven-
tionalandproposedschemesstheresidualcodephaseoffset
(6) changes.
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