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Abstract— In [1], a novel approach using smart antenna with
adaptive thresholding constant false alarm rate (CFAR) in
pseudo-noise (PN) code acquisition for direct sequence code
division multiple access (DS/CDMA) communication systems
in Rayleigh slowly fading multipath channel was proposed. In
this paper, we consider the use of the censored mean level
detector constant false alarm rate (CMLD-CFAR) algorithm
as an adaptive threshold processor for DS/CDMA in multiuser
signals situations. Under mobile communication environments,
multipath signals and other wusers' signals affect the
performance of the PN code acquisition. Fixed threshold
techniques are unable to adapt to these varying environments.
Accordingly, a high false alarm rate and/or a low detection
probability may result, and thus, adaptive thresholding
techniques are essential. A smart antenna is an array of
antenna elements that can modify the array pattern adaptively
to minimize the effect of noise, multiple access interference
(MALI) of other users, and multipath. The proposed system still
considers PN code serial acquisition by using the smart
antenna, but an adaptive threshold value based on a reference
window of CMLD-CFAR processing. We derive an exact
expression for the probability of false alarm for the proposed
system, while the detection performance of the system is
studied in terms of computer simulations under various
parameters. The simulation results show that the system
proposed is robust in a MAI environment.

Keywords: Code Acquisition;, CDMA; Adaptive CFAR;
CMLD; Smart Antenna

L.

The pseudo-noise (PN) codes synchronization between
the received code and the locally generated one is an
essential step for the receiver to be able to demodulate
properly the received signal in the direct sequence code
division multiple access (DS/CDMA) communication
system. The goal of this process is to align the locally
generated dispreading PN code sequence with the incoming
spreading PN code sequence. This process is performed in
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two stages; the PN acquisition stage, which coarsely aligns
the two PN code sequences within a fraction of the chip
duration, and then the PN tracking stage, which is a finer
alignment that aims to reducing synchronization errors to an
acceptable limit. In the acquisition stage, the receiver
searches in an uncertainty region of phases. According to
the search mechanism, the acquisition stage can be classified
as: the serial search acquisition in which a one uncertainty
code phase is tested at a time [2,3], the parallel search
acquisition in which all possible code phases are tested
simultaneously [4,5], and the hybrid search acquisition
which combine the serial search with the parallel search
[6,7].

In searching for synchronization, the correlation between
the incoming and the locally generated PN codes is
computed and compared to a threshold value to make the
synchronization decision. In the mobile communications, the
received signal levels are unknown and location varying [8].
Therefore, using a fixed threshold may cause too many false
alarms and/or low detection probability according to the
selected threshold value [9]. If the threshold value is too low,
the false alarm probability will be increase seriously. On the
other hand, if it is too high the probability of miss is
increased. To overcome these problems, the threshold value
should be set adaptively according to the surrounding
environment. Using constant false alarm rate (CFAR)
processing, which is well developed in automatic and
adaptive radar signal detection [10], to set an adaptive
threshold for the PN acquisition has been used in literature
[8-11]. The main idea is to use the correlator outputs to
estimate the background noise variance, which is not known,
to set the threshold adaptively.

In the last few years there was a focus on utilizing a
smart antenna to improve the PN code acquisition process [1,
12-14]. The smart antenna is a combination of an antenna
array and a digital signal processing (DSP) unit. In [1], a
novel approach for the PN code acquisition has been
provided that combined the smart antenna with the adaptive
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thresholding trimmed-mean (TM) CFAR processing. In this
paper, we consider the system proposed in [1] where
adaptive thresholding CFAR processing is adopted and is
based on the censored mean level detector (CMLD) CFAR in
a Rayleigh slowly fading multipath communication channels.
In mobile communications it is known that the receiver
receives multiple copies of the transmitted signal from
several paths with different attenuations and time delays,
furthermore multiple access interference (MAI) signals are
common in DS/CDMA systems. All these interfering signals
have serious effects on the PN code acquisition performance.
Hence, one way to circumvent those problems is the use of
smart antenna since smart antenna has a good ability in
combating MAI signals, tracking mobile signals, reducing
multipath fading, and improving signal power gain. The
main idea is to receive the signals by all elements of the
smart antenna that use the least mean square (LMS) adaptive
algorithm to adjust its weight vector, then the adaptive
threshold value is computed and used to make the
synchronization decision. Under the presences of multipath
and MALI signals, setting the adaptive threshold based on the
cell averaging (CA) CFAR algorithm is not effective [1]. In
the CMLD-CFAR, the outputs from the reference cells are
rank- ordered according to their magnitude and the highest
cells which correspond to multipath replicas and
interferences from the other users are censored before to
estimate the background noise power level and use it as a
threshold value, as will be explained in the next section. The
CMLD proved to be robust under an environment with
multiple interfering signals [15, 16]. This paper is organized
as follows. In Section 2, we describe the proposed
acquisition system and derive a closed form expression for
the probability of false alarm. The simulated detection
performance of the proposed system and discussions are
presented in Section 3. The conclusion is given in Section 4.

II.  DESCRIPTION AND ANALYSIS OF THE PROPOSED

ACQUISITION SYSTEM

The block diagram of the proposed PN acquisition
system is shown in Fig. 1. The system consists of a smart
antenna with M antenna elements, each antenna element
followed by a correlator that correlates the received PN code
sequence with the locally generated PN code sequence. The
outputs of the M correlators serve as inputs to the LMS
beamformer to adjust the smart antenna's weight vector.
After getting the optimum beamforming weight vector, the
spatial correlation outputs from the LMS are fed into the
CMLD-CFAR processor, which is a tapped delay line, to set
the threshold adaptively in order to make a final decision
about whether there is acquisition or not.

In this communication system considered we assume that
there are D users from simultaneous transmitters. The first
user is the initial synchronization user, while the other
D —1users may be considered as interferers to the first user.

A.  The received signal model

The communication channel model considered consists
of L tapped delay lines that correspond to the number of
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Figure 1. Block diagram of the proposed system

resolvable multipath with a Rayleigh distributed amplitude
o andaphase §;,i=1,..,Dand [=0,..,L—1.

Taking into account the effect of channel fading, the
received signal consists of the signal from the first user,
multiple access interferences from the others, and an
AWGN n(z) . Thus, the received signal at the mth antenna
element of the array is [17]:

L1
T () =28 {Z“ucl (1=, 1T, ) exp (j(¢y —n(m —1)sin9))}+
0

=
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2P {Z D et —IT,) explj(oy —n(m—l)sine»}m(z) )
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where ¢; ,i =1,.., D is the spreading sequence, P, is the
received signal power of the first user during initial
synchronization, P, is the average received power of the
interfering signal, t; is the relative time delay associated
with the asynchronous communication channel model, ¢;,
[=0,..,L—1, are the phases in the demodulator of the

receiver, which are independent and identically distributed
random variables and uniformly distributed on the interval
[0,2n], and T is the chip duration.

B.  The Correlator

The received signal is first down-converted into in-phase
(1) and quadrature phase (Q) components. These components
are then multiplied by the locally generated PN code
c(t-jT./2),j=0,1,.,N, ( N, represent the reference
window size), and integrated over dwell time interval
T = RT,seconds, where R is the correlation length integer,

Y.

to yield respectively the / and QO branch components Y,

and Y,

S1°

which are squared to give the correlator output Y,
Y=Y, P +| Y, *. In case the received signal is aligned with
the local PN code ( H, hypothesis), the output ¥ will result in
a high correlation value. Otherwise, it will be a negligible
value due to the nonalignment case ( H, hypothesis). The

probability density function (pdf) of the output Y under the
aligned hypothesis is given by [18]:
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where v=907/(32/0;) . o} is the Rayleigh fading

channel power while the variance ¢¢ is given by [3]:
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[ represents the average received power of the interfering

signal to the signal power of the first user ratio and is defined
as B=PF, /Py, while S, represents the SNR/chip and is

given by S.=T,P,/N,, and w=20§». Under the non-

aligned hypothesis, the conditional pdf under the null
hypothesis  fy(y|H,) is obtained by replacing

63(1+v) with 6} in (2).

C. Smart Antenna

As mentioned in the previous section, the receiving
antenna array consists of M identical elements for signal
reception and PN code acquisition. The space d between

two antenna elements is equal to half the wavelength of the
carrier transmitted signal A, (i.e.d =0.54,). In our case, the

smart antenna performs adaptive beamforming using the
LMS algorithm for directing the main array pattern towards
the first user signal and creating nulls in the directions of the
interfering signals. We chose the LMS algorithm because of
its simplicity, ease of implementation, and relatively good
convergence properties. The outputs ¥, ,m=1,2,.., M

from the M branches of the correlator are inputs to the LMS

processor as shown in Fig. 1. The LMS algorithm computes
iteratively the optimum beamforming weight vector based on
the minimum squares error (MSE) criterion between the
desired signal value and the LMS processor output. Once the
minimum MSE is attained, the weight vector is then used to
generate a spatial correlation outputZ . If the output Y, of

the considered correlator is under the aligned hypothesis, we
assume the DOA of the desired signal can be located
optimally by the smart antenna. The pdf of the decision
variable Z corresponding to the aligned hypothesis is then
given by [12]:

el —
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Y,

When the output Y,, of the correlator is under a non-

aligned hypothesis consideration, it is assumed that the
smart antenna tracks in a different angle than the desired
signal. Therefore, the pdf of the non-aligned hypothesis
f,(z|H,) is obtained by replacing (M + M?v) = o2 M
in (4).
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D. CMLD-CFAR Processor

The outputs of the LMS beamformer are serially fed
into a shift register of length N, +1 as shown in Fig. 2. The

first register, denoted as Z,, stores the current output of the
LMS beamformer. The following N, registers, denoted by
Z,,c=12,..,N_are called the reference cells. The contents
of these reference cells are sorted in ascending order

according to their magnitude to form the ordered

samples Z ;) , j=12,..,N,. Then k cells are censored

from the upper end (where £ is number of the assumed
interfering cells= (L —1)+ (D —1)L ), and the remaining ones
are combined to get an estimate of the background noise

level U :
N,k
U= Y7
=1

The adaptive threshold value U is scaled by the threshold
multiplier 7 to achieve the design false alarm probability. If
Z, is larger than the threshold 7U , a PN code acquisition is

declared, and the tracking loop is triggered. Otherwise, the
acquisition scheme shifts the locally generated PN code
phase and the search continue until a correct PN code phase
is found.

Next, we will derive an expression for the probability of
false alarm for the proposed system. The probability of false
alarm is the probability that a correlation of a non-alignment
tested phase is greater than the threshold value. It is given
by:

(©)
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where M|, is the moment generation function (MGF) of the
estimate U . As in [19], we will define independent random
variables W, = (NL, —k—i+1)Z’,» , i=1l,., N, -k )

1

where Z=Z; -Z;,, Z4p =0. Then the estimate

U can be written as:
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Figure 2. CMLD-CFAR processor



The MGF of U is simply the product of the individual MGF
of the I, 's. Therefore, the probability of false alarm is:

N~k T
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The g;’s, i=2,.., N,—kare givenby:
N,—i+1
=——c - 11
& N, —k-i+1 .
III.  RESULTS AND DISCUSSION

In this section, the detection performance of the
proposed system is evaluated in terms of the different
parameters of the system of communication considered. The
performance is studied using MATLAB simulations for a
Rayleigh fading channel with the power normalized to one

( 0'_/% =1). The design probability of false alarm is P, = 1073,
the number of reference cells is N, = 24, and the correlation

length integer of the dwell time interval is set at value
of R=128. The threshold multiplier value 7 is readily
obtained from the expression of the false alarm probability
given in (8). It has been shown in [1] that the performance of
the proposed system using CA-CFAR processing to set the
adaptive threshold with N, =241is comparable to the

performance of the system proposed in [12] by Wang and
Kwon . In Fig.3, we show again as in [1] that the detection
performance of the system using CA-CFAR processing,
where the adaptive threshold is the arithmetic mean of the
reference cells, is seriously degraded in the presence of the
interferences (multipath and the MAI signals). So the
exclusion of or excising the interfering signals from the
reference cells before estimating the noise power level of the
environment will be an effective solution. This is in essence
the CMLD-CFAR processing as explained earlier.

Fig. 3 shows the simulated detection probability P, of

the system against SNR/chip under different numbers of
censored cells. The number of antenna elements used is
M =3 and the number of interfering signals is Inter =4,
while the average received power of the interfering signal to
the signal power of the first user ratio is f=0.3. We
observe that as the number of interfering signals censored
increases, the detection performance improves as expected.
This is due to the fact that the adaptive threshold computed
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after censoring becomes lower which yields a better
detection probability. As we see, that all CMLDs
(k=1,2,3and 4 ) have much better performance than the
CA-CFAR (£ =0).

From Fig. 4, we observe that as the number of antenna
elements in also increased, the probability of detection also
increases. Three interfering signals are assumed present and
censored before the computation of the adaptive threshold.
The number of antenna elements is M =1,2,3,4,5and6 . We

also note that the detection performance improves
significantly and this is due to the nature of smart antenna
which has the capability of improving signal power gain,
combating MAI signals, and reducing multipath fading. As
the number of antenna is more than M = 4, we observe that
we start reaching saturation.
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Figure 3. Comparison of P; using CA-CFAR processing with CMLD-
CFAR system after censoring; P/a210'3, N=24, M=3, Inter=4, and =0.3
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Fig.5 shows the detection probabilities P, of the system
proposed with different number of antenna elements and for
different numbers of censored cells. The number of antenna
elements in the first system is M =2, while in the second

system is M =5 . The number of interfering signals
is Inter =3 with §=0.3. We observe that as the number of

antenna elements increases the probability of detection
improves as expected. It should be noted though that the
detection performance in the presence of two interfering
signals when M =5 and k =1, is better than the case with

M =2 and k =3 case, which is the case with no interfering
signals, for all SNR/chip values. We also observe a capture
effect on the detection probability as it cannot reach P, =1

without censoring and this for all interfering signals. This
emphasizes the robustness of the censoring algorithm which
allows the probability of detection to reach asymptotically
one as the SNR/ chip increases.

In Fig. 6, we plot the probability of detection P, against
the SNR/chip for different of
cells N, =16,24, and 32 with different number of antenna

elements M =3 and5. Three interfering signals are assumed
to be present and censored before the computation of the
adaptive threshold. As expected, increasing the window size
N, increases the detection probability as it gives estimate of

the noise power in the cell under test. On the other hand, we
observe that in the probability of detection for the same
number of reference cells is substantial increased when the
number of antenna elements is increased from 3 to 5. This
indicates that the effect of the number smart antennas
elements on the received signal power is much more
pronounced on the probability of detection than the number
of cells used in estimating the noise power. It also justifies
the idea of combining both adaptive thresholding based on
order statistics and censoring of interfering signals, and
smart antenna.
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Figure 5. Comparison of P; between two systems differ in the number of

antenna elements M ; Pﬁ,:IO'}, N=24, and Inter=3
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IV. CONCLUSION

In this paper, we considered the problem of PN
acquisition using smart antenna and adaptive threshold in
DS/CDMA communications. An adaptive serial search
acquisition system that employs all elements of the smart
antennas and the CMLD-CFAR processing in a Rayleigh
slowly fading multipath communication channels was
proposed. An exact expression for the probability of false
alarm for the proposed communication system was derived
while the detection performance of the system was studied
using MATLAB computer simulation. We observe that the
system using the CMLD-CFAR based on rank ordering the
reference cells and censoring the interferences samples was
really robust in presence of MAI. Further analysis of such
system will be considered in order to determine the mean
acquisition time under different parameters, and hopefully
obtain a closed form expression for the probability of
detection
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