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ABSTRACT

This paper presents a threshold decision technique for direct sequence code acquisition employing Pseudo-Noise

(PN) matched filters. The probabilities of detection and false alarm are derived as a measure of the system per-

formance in both nonfading and nonselective Rician fading channels. For received PN codes with different SNR,
the proposed acquisition scheme is able to detect a desired threshold in the search mode so that this value is
utilized as a threshold for the verification mode. Thus, there is no need to determine a threshold by applying the
Neyman-Pearson criterion. It is shown that this scheme achieves lower probability of false alarm than the acquis-

ition scheme based on the Neyman-Pearson criterion, giving comparable performance in terms of the probability of

detection.

I. Introduction

The use of direct-sequence spread-spectrum (DS-SS)
in mobile communications has been growing consider-
ably over the past few years. DS-SS is especially at-
tractive in this situation due to its inherent antimuiti-
path capabilities [1]. Pseudo-Noise (PN) code synchr-
onization is essential in any DS-SS system, where a
synchronized replica of the transmitted PN code is
required in the receiver to despread the received signal
and allows the recovery of data sequence. PN code
synchronization is usually performed in two stages:
code acquisition and code tracking. Code acquisition
allows the phase between the incoming PN code and
the local PN code to be within a small relative tim-
ing offset. The region of time/frequency uncertainty
of the incoming PN code is divided into cells with
one of them denoting the sync-cell (hypothesis H,)
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and the others the nonsync cells (hypothesis H,).

Once code acquisition has been accomplished, a code
tracking is employed to achieve fine alignment of the
two sequences and maintain that alignment.

The performance of the acquisition scheme will
depend on the setting of the threshold. In practice, a
receiver has no prior knowledge about the signal-to-
noise ratio (SNR) of any received PN code, thus the
threshold is often determined by the Neyman-Pearson
criterion in terms of some parameters [2-4]. For an
acquisition scheme based upon the Neyman-Pearson
criterion (the conventional acquisition scheme), if the
threshold is set relatively low to the advantage of
weak signals, the probability of false alarm will be
increased. On the other hand, if the threshold is set
relatively high to the advantage of large signals, the
probability of miss will be increased. Thus, it is es-
sential to determine an acquisition threshold with its
value being set according to the SNR of the received
PN code.

This paper is concerned with the performance an-
alysis of a threshold decision for PN code acquisition
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using a maximum mismatched correlation value in
DS-SS systems. This maximum mismatched correlation
value is right below the largest correlation value in
one PN period and is detected by means of a pro-
perly designed detection window in the search mode.
This value is used to confinm the acquisition test in
the verification mode, thus there is no need to deter-
mine a threshold by applying the Neyman-Pearson
criterion. The probabilities of detection and false alarm
are derived for the proposed scheme in both nonfad-
ing and nonselective Rician fading channels. The per-
formance of the proposed acquisition scheme is com-
pared with the acquisition scheme based upon the
Neyman-Pearson criterion, and it is shown that the
proposed scheme allows the false alarm probability to
be kept well below an acceptable false alarm rate,
giving comparable performance in terms of the dete-
ction probability.

II. System Description

The search mode, as shown in Fig. 1 (a), consists
of an I-Q passive noncoherent PN matched filter
(PNMF) and the detection window block. One of the
I-Q PNMF’s is shown in Fig. | (b) and its hardware
is discussed in [3,4]. The number of taps on each
delay line is M/4 with AT, delay between succes-
sive taps, where M is MF’ length, 4 is a search
step size, and T, is the chip duration. The nonco-

herent detector makes a decision every AT, seconds,

ie., at a multiple rate of the code rate 7. '; at the
same time, the decision is based upon a correlation
time of MT, seconds. During the search mode, the
switch is in position 1. When the size of detection
window becomes equal to M/Jd—1, the switch that
was in position 1 is put in position 2. Otherwise the

switch is put in position 1 and the search procedure

is resumed.

Let R,= R(kAT,) denote the correlation output

from matched filter at ¢, and w; denote the dete-
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Fig. 1 (a) Acquisition circuit block diagram (b) I-Q non-
coherent MF

ction window initiated by R,. The proposed scheme
utilizes two PN periods to detect a maximum mismat-
ched correlation value Ry and sets this value as a
threshold for the verification mode. To do this, we
design a detection window. The detection window
w, will be initiated whencver the condition R (R, ,
Ry(R,, . Ry 1< R, is satisfied. Denote the dete-
ction windows initiated by H, and H, cells by the
correct detection window and the false detection
window, tespectively. The proposed acquisition pro-

cedure is as follows.

[1] Initialize R4y and Ryyp to zero.
[2] Compare R, with Ry, and Rpyp every AT,

seconds. If R, is greater than R,;; open a detect-
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ion window (equivalently, initialize window size to

zero), store R, in Ry, and set Rpyp to zero. If
R, is smaller than Ry, and greater than Ry, keep
the detection window open and store R, in Rpy.
The detection window is incremented by one every
AT, seconds.

[3] Repeat the step 2 until the window size becomes
equal to M/4—1.

[4] When the window size equals to M/A4—1, go to
the verification mode and set Ryy as a threshold for

verification otherwise and continue the search pro-
cedure.

The function of the verification mode is fo avoid
a costly false alarm that can supply the tracking sys-
tem with a wrong phase. In the verification mode, a
coincidence detection (CD) similar to [3,5] is used to
verify the selected phase by the search mode. When
a threshold and a phase are seclected by the search
mode, they are loaded into the verification mode.
The receiver advances this local phase by the same
rate as the incoming PN code. At the end of a CD,
if at least B of A CD tests are larger than the
threshold decided in the search mode, Ry, acqu-
isition is declared and the tracking system is initi-
ated, otherwise the system goes back to the search
mode. The statistical independence of the A succes-
sive CD tests is assured by the use of disjoint MT,

-second intervals for each test.

III. Performance Analysis
3.1 Nonfading channel
In deriving the probability expressions, we shall

adopt the following assumptions used in [2,5]. The
signal received by PNMF can be written as

Ht) = V25 c(t+ rT)cos(wet+ 8) + n(d N

where S is the transmitter signal power, @ is uni-

formly distributed random phase (0 —27), w, is the
carrier frequency, c(t+r7,.) is the code to be ac-

quired, and #n(#) represents AWGN with one-sided
power spectral density N, and zero mean. The in-

phase and quardrature variable ¢, and ¢g are given

by (neglecting double-frequency terms)

e;=ycos 8+ N, and eg=ysin 8+ Ny )
with

MT,
y=VS fo o(t+cT,) (t+ LT, dt 3

where N; and N, are zero mean Gaussian random
variables with variance o = N,MT./2 and y is the
correlation between the incoming PN code and the
local PN code in the matched filter. For large M
and full code correlation, the self-noise term is
negligibly small and can be ignored [2].

The detection probability and the false alarm pro-
bability of the search mode are the probabilities that
the size of detection window equals to M/4—1
under both hypothesis FH, and H,. The probability

density function (pdf) of R,=1V & +e%) under H,
and H, follows the Rician and Rayleigh distributions,
respectively. These are given by [10]

2 2
Py IH) = % exp(— —V—zgz;’”—)lo(%f) ©
and
2
pr(y|Hy) = ;Yz;‘ eip( - —23';2:) @)

where [)(x) is the modified Bessel function of first
kind and zero order, and m’= M? T°S. The detect-
ion probability of the search mode P is given by
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where P, is the probability that the detection win-
dow w, is initiated by an H,-cell and stays open

for M/4—1 samples, which can be written as

Mid+ k-1
] dy. O

Pe,= [ oo tH)] [ petalHa

Substituting (6) and (7) into (9), and integrating, yields

pes g o M)

o (7o

(10

where y.=ST./N, is the SNR/chip. The false alarm

probability of the search mode P, can be written as

Mig=1
PFA1='A711/7 g P, (1)

where Pp, is the probability that the detection win-
dow w, is initiated by Hj-cells and stays open for
M/4—1 samples, which can be written as

Pp, = M—/Ak—:r LmPR(ﬂHo)[nyPR(2|H1)d"']2

[ foy pR(Z|Ho)d2]MM+k—3 dy
(12)

+ %‘f—;‘]“ f: pR(yIHo)[fny pe(z|H)) dz]

Mid+ k-2

[ [ eetziryaz] ay

Substituting (6) and (7) into the first integral term
and the second integral term in (12), and adapting an
approach similar to that in [9, p. 398], yields, re-
spectively

]M/A+I: 3

[ e [ outarnaz | | [ oo dy
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:M/“i:'a(_l)n(M/A+k—3) 2
i n (n+1){n+2)

e

x[1 - QW2a.V2h) + 71;37 exp{~(a+ b))Io(zfa_b)]
(13)

and

]M/A+ k=2

[ oeoitio)] [ putaimp e[ [) putaH az

I R I e (T )
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dy

(14)

n+2 1
n+3 (n+2)(n+3)

and € -, -) is the Marcum’s @ function {10, p. 585].

The function of the verification mode is described

where g = ( )M}’(, , b= My,

earlier. When the verification mode is initiated by a cor-

rect phase, the probability of accepting it, is given by

Pa=3, (4) Pra-pyt as

while the verification mode is initiated by a false

phase, the probability of accepting it, is given by

Py = ,2:,; (A) P (1= P)A " (16)

n

where P, and P, are the probabilities that an H,
and H, cells exceed Ryyc decided in the search

mode by the proposed scheme, respectively, which

are given by

Py= fo pr(y|H) fa Prul21H)) dzdy an

and
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o0 ¥
Py= [ p(3IHy) | Dro2IHy) dady. (s)

In (17) and (18), pg, (21H;) is the pdf of Ry
detected by the correct detection window, which is

given by

PrulAHD) Sﬂ%[ll—exp(—%)}md 1 ]

R )

ool 230

M/A 2)—# 19)

and pg,(2|Hy) is the pdf of Ry in the false

detection window, which is given by

ool -eol- 23]
M) Bl - L) )

Substituting (19) and (20) into (17) and (18), one can
get

P 5 o271 ) S o] (] @D

_oMgse iAo ]
p="2 U (" o

(22

o] -( 234 1]

We can clearly see that at low SNR/chip, P, re-

aches a maximum value. From (22), this maximum is

M2 A M/A—2 1 _ 1
f:h oM ey = a @

3.2 Rician Fading Channel

In our analysis we consider a nonselective Rician
fading channel described in [9], where the bandwidth
of both the direct path and the reflected diffused
path is assumed wide enough to neglect the frequ-
ency selectivity, the fading process is regarded as a
constant over k& successive chips, &<{{M, and these
successive groups of % chips are correlated. From [9},
under hypothesis H,:i=0,1, e, and g follow
the zero-mean gaussian distribution with variances
00'=FSMT.dt+ 7, and o)°=FSWILS, + b,
respectively, where W is the conditional variance of
a correct cell normalized by in-phase (or quadrature)
signal variance as defined in [5]. For the case of a
considered channel, the pdf of R, follows (6) and (7)
with ¢ replaced by gt and o, respectively.
PrufYIH) and  pg,. (v|Hy) for the considered

nonselective Rician fading channel can be written as

Pl = (M1a-1) "S53 (1) (M14-2) %

=
(24)

and

prataty === 335 ) ol 35
i
ol -zl ¥
(%)

]ﬁ( M/A 3

25

Substituting these pdfs into (18) and (19), one can
get P :
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R N ,

nMy.
e~ T AT |

and

R SE n(MfA—2 [
P= (M e D

[_ (n+ 1My, ]
P TTAEDCH G+ D)

where [I' is the power ratio of the fading component
to the specular component, C=y.[/(1+I)+1, and
D=y WI/M(1+ )+ 1. Similarly, the mathematical
expressions for Pp and Pp, in the considered fad-

ing channel can be obtained.
IV. Detection Performance Results

As an application for the proposed acquisition sys-
tem, we used the following parameters, namely: 1)
PN code of length (M) of 63, 127, and 255 are
considered, 2) A4=1/2, 3) the parameters A and B
for the verification mode are set to be 4 and 2,

respectively [3], 4) the correlation coefficients p; are

taken as p' (5], 5) the penalty factor due to faise
alarm is set to 1000 MT ., and 6) only full code cor-
relation is considered.

Table 1 exhibits the upper values of false alarm
probability Pp,, for the proposed scheme. To obtain
large Ppp, the false alarm probability approaches unit
for the conventional acquisition scheme, whereas the
false alarm probability approaches a constant value for
the proposed acquisition scheme as shown in (23).
From this result, it is clear that as SNR decreases,
the false alarm probability for the proposed scheme
does not exceed the calculated upper value in Table
1 at low SNR. Fig. 2 shows the overall false alarm

and detection probabilities for the proposed scheme
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with parameter M equal to 63, 127, and 255 in the

nonfading channel.

Table 1. Upper values of Pj4, for M= 63, 127, and 255

(4=1/2)

M 63 127 255
Pray 0.000368 0.000092 0.000023
1.0€+00 ——— —3 1.0E-04

e - —
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/'/
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Fig. 2 Overall probabilitics of falsc alarm and detection

The performance comparison between the convent-
ional acquisition scheme (based upon the Neyman-
Pearson criterion) and the proposed acquisition scheme
is given for the nonfading channel. Fig. 3 presents
the probabilities of detection and false alarm for the
proposed and conventional schemes. It is shown from
Fig. 3 that when the upper values of Pj,, is set to
an acceptable false alarm rate for the conventional
scheme, the proposed scheme gives comparable
performance with the conventional scheme in terms
of P, for a wide range of SNR. Moreover, the
conventional scheme maintains Py, at a constant
value, 0.000092, even at high SNR, respectively,
whereas the proposed scheme allows Py to be
decreased well below the constant value.

Fig. 4 shows the probabilities of detection and
false alarm for both the nonfading and nonselective

Rician channels with " as a parameter. A severe
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Fig. 3 Probabilities of detection and false alarm for the
conventional scheme and the proposed scheme in
verification mode (M = 127)
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Fig. 4 Probabilities of detection and false alarm for both
nonfading and Rician fading channcls in verificat-
ion mode (M= 255)

degradation in the probabilities of detection and false
alarm due to the fading channel can be observed. As
expected, for lower values of I, the probabilities of
detection and false alarm approach those of the
nonfading channel.

Fig. 5 shows the mean acquisition time versus
SNR/chip for both the nonfading and Rician fading
channels. It is shown that in the nonfading channel,
for SNR<-9 [dB], it is advantageous to increase the
MF' length M as big as practically possible. A

severe degradation in the mean acquisition times due

to fading conditions can be observed, which raises
some doubts about the ability of the proposed system
to work in such channels when frequency selectivity
and code Doppler are taken into considerations.
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nonfading - —
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-25 -20 -5 -10 -5 [+]
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Fig. 5 Mean acquisition time for nonfading and Rician
fading channels

V. Concluding remarks

A threshold decision technique using a maximum
mismatched correlation value for PN code acquisition
is proposed and analyzed for such key system par-
ameters as probabilities of false alarrn and detection
for both nonfading and nonselective Rician fading
channels. A severe degradation in the probabilities of
detection and false alarm due to the fading channel
can be observed.

By means of the detection window operation the
proposed scheme guarantees the desired threshold set-
ting for verification, which enables us not to deter-
mine a threshold for verification by applying the
Neyman-Pearson criterion. It is also shown that this
scheme achieves lower probability of false alarm than
the conventional acquisition scheme, giving comparable
performance in terms of the detection probability.
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