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Abstract

In this paper, an adaptive near-far resistant detector using
a multiple antennas for acquiring synchronization of an
asynchronous DS-CDMA system is presented. The only
requirement is the prior knowledge of the user-spreading
sequence of interest. Also, there is no need of a training
sequence and a training period. Synchronization acquisition
of asynchronous DS-CDMA signals is treated as a binary-
hypothesis test. Under the binary hypotheses, an adaptive
generalized maximum likelihood ratio test (GLRT) isdevel oped
to acquire the multipath code timings of a single desired user
in both a fading and a near-far interference environment. The
synchronization is obtained by dliding a search window in a
sampl e-by-sample manner to perform the adaptive GLRT with
the non-constrained maximum likelihood estimator (MLE) of
Direction-Of-Arrival (DOA) during the symbol interval. The
acquisition performance of the proposed detector is illustrated
by computer simulations of an asynchronousBPSK DS-CDMA
system and is shown to be potential to against multipath fading
and the problems of near-far interference.

|. Introduction

In recent years, direct-sequence CDMA has become one of
the most popular multiple-access techniques for cellular mobile
radio. In DS-CDMA communications, users are multiplexed by
distinct code waveforms, rather than by orthogonal frequency
bands in frequency-divison multiple access (FDMA), or
by orthogonal time dots in time-divison multiple access
(TDMA). All system users are allowed to transmit information
simultaneously and occupy the entire broad-band frequency
spectrum.  However, DS-CDMA systems often suffer from
multiple-access interference (MAI) and near-far interference
problems. In addition, there is an important issue of code
synchronization of asynchronous DS-CDMA signals using an
antennaarray has been receiving much attention.

It is wel known that the standard method of code
acquisition, i.e., code cross-correlator and its modifications
[3-4], performs well under situations of a limited number of
users and strict transmit power control, but degrades drastically
in the presence of strong MAI or the near-far interference. In
[5-7], the subspace-based approaches with only asingle antenna
areemployed to estimate the different users' propagation delays
over fading channels. Recently, there has been considerable
effort to take advantage of the spatial diversity of a “smart”
antenna (a receiver antenna array) to reduce the effects of
channd fading due to multipath propagation. Hence, better
acquisition performance of asynchronous DS-CDMA signas
can be expected in comparison to the single antenna case.

In [8-9], multiple antennas are based on the large sample
maximum likelihood (LSML) and the subspace-based multiple
signa classification (MUSIC) timing estimators, to perform the
code timing acquisition over atime-varying fading channd.

In this paper, acquiring synchronization by the use of an
antenna array is formulated as a binary-hypothesis test. An
adaptive GLRT is developed to acquire the multipath code
timings of a desired user in fading and near-far environment.
The non-constrained MLE of DOA is obtained without
assumption on the array geometry. Due to its simplicity, the
adaptive GLRT with the non-constrained MLE of DOA can be
utilized to achieve code synchronization. By dliding a search
window on a sample-by-sample basis and performing the
GLRT on the datain each search window, the multipath arrival
times of the wanted user-spreading code pattern can be found.

Il. AsynchronousDS-CDMA Signal For mat

Consider an asynchronous DS-CDMA mobile radio
network with M users that employ the spreading waveforms
5,(t),55(t), ..., sa(t) and transmitting sequences of binary
phase-shift keying (BPSK) symbols. The transmitted baseband
signal of the!*" user can bewritten in the form,

r(t) =Y Adlfils(t—il,), [=1,...,M.

Here, s,(t) isthe spreading waveform of the!** user, given by

si(t) =Y compr(t—ml.), 0< t <7,

where
4 te0,T)]
t — \/TC b b ey
pr.(t) { 0 , otherwise

The parameters and other quantities are defined as follows:

A, Amplitude of the!*" user.

d,[i] € {£1} Thei*» symbol of the!*" user.

T, Information symbol interval.

{e 3020 The spreading code of +1 of thel*" user.
T, The chipinterval.

N The spreading gain (= 7, /7T.).

On the Assumption that each transmitter is equipped with a
single antenna, then the baseband multipath channel between
each user’s transmitter and the base station receiver can be
modeled as a single-input multiple-output channel with the
following vector impul se response [10]:

K
h(t) = by a,6(t —7.,),



where §(-) denotes the continuous-time unit-impulse (or Dirac
delta) function and K is the number of paths in each user’s
channel. a, ;, 7 ;,andb, ; = [b] ..., b/ ]" are, respectively,
the complex gain, the propagation delay, and the array response
vector of the j** path of the [*" user’'s signal. “,” denotes the
transpose operator.

Assuming that thereare M active system users, each with K
propagation paths, impinge on the receiving antenna array with
J sensorsin an additivewhite Gaussian noise (AWGN) channdl.
The total received signa at the receiver can be written in the

form,

X(t) =

> hy(t)xr(t) +n(t),

M K
= E AIE a, ;b ;
=1 j=1

where “x" indicates the convolution operator and
n(t) = [n.(¢),...,n,(t)]" represents a column J-vector of
complex white Gaussian noise processes.

t=—o00

[1l. Formulation of Problem

Here the detection of a single desired user’s spreading
code sequence that is embedded in MAI is treated as a
binary-hypothesis test. In order to distinguish the binary
hypotheses, a GLRT, that is described by a probability density
function (pdf), P, on the sample space, is derived next.

Consider a receiving array with J elements, the received
data x(¢) is first downconverted to baseband and then passed
through a chip matched filter (MF). The output of the chip MF
is sampled every T, seconds, where S, (= T./T.) isan integer
and > 1. The discrete-time output is then used as the input
of the adaptive NV-element tapped delay line (TDL) to form
N-element data vector. Assuming that the output signal of the
chip MF issampled at time T, during the i** symbol interval,
iT, < t < (i + 1)T,, so that the output of the adaptive TDL
for the p** antenna element can be expressed as the column
N-vector given by

xi}’)(t') = [x,('T, +iT,),z,t'T. — T. +iT,),
o, (T, — (N = D)T. 4+ iT)]",
0<t'< NS, —1,1<p<J.

For simplicity of notation, the superscript “ ,,” issuppressed for
the remainder of the paper. Then the output of the antennaarray
can be represented by aJ x N matrix given by

X, = [x(t'),x.(t'), ..., x,(t)]".
To search for the unknown locations of the desired spreading
code pattern, the detector is designed by dliding a “search
window” with the size N, sample-by-sample through al of the
received data. A binary hypotheses are defined as follows: the
null hypothesis H, is composed of an interference-plus-noise
only process, and the signal-interference-plus-noise hypothesis
H, are the processes given by

i d\[i]s,(t — T, — 7 ;) + n(t).

o, Xy =V,
. Xu=g ;8 +Vy,

whereg, ; = Ajq, ;db,; = o, ;b ;and o, ; = Aja, ;d,, 1 <
J<K.Lets, =[co. .., ~) denotethe!*" user-spreading
code sequence of length N. V,« (k) = [Vir . (k), ..., Vi (k)]7
represents the noise environment which is composed of the
directional interference sources and the spatialy white noise.
The noise process can be assumed to be Gaussian zero-mean
and independent from sample-to-sample [11]. Hence, the mean
value and the covariance matrix of X, under hypotheses H,
and H, are given by

E{X.|H,} =0, E{X,|H,} =g 8, and
A
R, = E[(X, — E[X/]) (X — E[X,/]T].

F [-] denotesthe expectation operator and the notation“,” isthe
conjugate transpose operation.

The generalized likelihood ratio function, A,(X,), of the
" spreading code sequence, depending on the maximum
likelihood estimate ©, of the parameter vector @, which is
expressed as the pair [g; ;, R.,] under the binary hypotheses,
takes the following form [1, Appendix A], [2, Page 1762]:

maxRtl)l,gl,jP(Xt'|Hl’ R, gl,j)

A th fu—
(Xe) mazrr,, P(Xy[Hy Ry o)
P(X,;0,(X.))
P(X,:0,(X,))
Mol (1)
ming, |Rt/,,|N’
where
P(X.|H R _ ; —%Tr(Rt—ﬁRt,l)
( t/| 1) t/,l,gz,j) = 7TNJ|Rt/|N6 R
1 _NTHREIR,,
P(Xt’|HDaRt’ 0) = 5 o€ 3T (Rt’ R, )U),
’ 7TNJ|RtI|N
Ryy = —~X,X'
t',0 — N t D)
- 1
R,, = (Xy — g 80Xy — g 801,

N
where |R | denotes the determinant of R.,.. P (X, |H,, Ry o)
and P(X,|H,, Ry, g ) represent the joint probability
density functions of X, under hypotheses I/, and H, which
are in terms of the trace function, r,, respectively. R, , and
R, are the well-known MLEs of the unknown parameters
g, ; and R, under hypotheses /, and H,, respectively, see[12,
p.430, Theorem:10.1.1].
By an agebraic manipulation, Eq.(1) can be smplified as
7 T,
R @

ming, |ng,j| ’

where A
Fgl,j:(Xt’ - gl,jsl)(Xt’ - gl,jsl)T' 3

To find min,, _ [F,, | in Eq.(2), one may expand and make
some variables subgtitutionfor F,, . in Eq.(3).



F,, = Xt/XI, - gl,jngI/ - Xt’g;rg;r,j + gl,jg;r,j

81,7
= (&, — Xus))(&, — Xus]) + Gy, 4
where ~ -
8.5 o, ;b j,
G = XuX] - (Xu8)(Xe3])",

and the sampled spreading code sequence is normalized by
letting,

s, = (si8])7 sy,
whichyieldss,sf =1, and
bl,jgl = bl,jsla

whereb, ; isthe modified complex gain vector of the J-element
antennaarray, given by

b, ; = (s;s7)"*b, ;.

%

Evidently, thematrix G, has aquadraticform and can be proved
to be positivedefinitewith probability one, see[1, Appendix A],
[2, Appendix A]. Hence, after factoring G, out of Eq.(4), the
determinant of Eq.(4) can be expressed asfollows:

Fe | =[Gl + (8, — Xus!)' G (g — Xesl)] (9)

If no default form is assumed for the antenna pattern b, ;, the
maximum solution of Eq.(2) can be achieved when the second
termin Eq.(5) vanishes, i.e,

5 — at Lot at
8, = Xus| = by;=a7;Xus

so that
|Xt’XT/|
(X)) = . —
l( ) |Xt’XI’ — (Xt/s;r)(Xt/s;r)T|
1

= —. 6
XA XX O

Apparently, using Eq.(6) the test in Eq.(2) is equivalent to the
test statistic given by

(Xe) = (Xus!)T (X X)) 7 (Xes])

1
(XosD) (X X1) ™ (Xs])
(s:])

The test statistic ¢, is used to test at each time phase within
time period N7, for the existence of the signal of the [*" user.
The decision on which timing phase is most likely to occur in
asymbol interva is attained by finding the maximum over the

filter bank of testsin Q= {q,(X,/)| 0 <t < NS, — 1}.

V. COMPUTER SIMULATIONS

In this section, two simulation examples are conducted
to demonstrate the performance of the proposed detector for
timing acquisition of DS-CDMA signals. In both examples,
an asynchronous BPSK DS-CDMA system with the number
of users M = 8 isconsidered. User 1, 2, and 3 are assumed
to generate the multipath signals due to multipath reflections.
The spreading code sequence of each user in the active cell

is a Gold sequence of length N = 31 while the spreading
codes for intercell interferers are random codes. The detector
employs a uniformly linear antenna array with twelve sensors
and half-wavelength spacing. A single user of interest
with 3 multipath duplicates, say user 1, is acquired by the
proposed detector in the presence of strong MAI and near-far
environment. The level of MAI is designated in terms of the
ratio of the power of any interfering user to the 1** path of the
desired user. In Scenario |, al interfering users are assumed to
have the same power ratio with respect to the desired user while
it is selected randomly in Scenario I1. This power advantage is
denoted by aquantity called the near-far ratio (NFR), i.e.,

2
v

NFR =

)
2
vy 4

where the subscript *, ; denotes the j** path of {** user and
‘,,, is assumed to be the 1** path of the desired user. The
multipath delays, the DOAs and the NFRs of all usersin both
simulated examples are tabulated in Fig.1. For convenience, it
is assumed in the experiments that the propagation delays are
set to multiplesof 7. All the simulation curves are derived by
performing 1000 Monte-Carlotrias.

# Delay Signature DOA NFR NFR
User (in Te) Sequence (in degree) | (Scenario l)| (Scenario II)
1 3 Gold Code 60 1 1
7 Gold Code (o) 1 1
14 Gold Code 15 1 1
2 (0] Gold Code 10 1 2
11 Gold Code -15 1 4
3 5 Gold Code 25 1 1
9 Gold Code -45 1 2
4 16 Gold Code -75 1 8
5 13 Gold Code -60 1 1
6 21 Gold Code 40 1 4
7 19 Random Code -20 1 2
8 25 Random Code 80 1 2

Fig. 1 Simulated multipath CDMA channel parameters for Scenario |
and|l.

A. Scenarioll

In Fig.2, the probability of correct synchronization is
presented as a function of the generalized signal-to-noiseratio

(GSNR) (i.e, GSNRZs,stb! R:'b,,) under the perfect
power control scenario, i.e, al users have the same signd
power (NFR = 0 dB). The “correct” in the phrase of correct
synchronization means that al the three versions generated by
user 1 must be identified correctly. Synchronization results
in Fig.2 show that the performance of the proposed detector
is substantialy improved by a larger antenna array. When
the antenna number is dightly over 7, the synchronization
performance approaches to that of 12 antenna sensors case.
The conventional detector using the sample cross-correlation
of the received signa and the user-spreading code sequence
of interest (a standard matched filter) fails to identify the
multipath timings as the results shown.

B. Scenarioll

In order to consider near-far situation, power ratios with
respect to the desired user are assumed random, i.e., no power
control is employed, in Scenario Il. The other parameters are
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Fig. 2 Synchronization results for COMA Scenario |, (Upper): odd
antenna sensors, (Lower): even antenna sensors.

set identically to Scenario |. Observe Fig.3, the performance of
acquiring synchronizationisdrastically degraded under near-far
situation except the larger antenna array case. In the absence
of power control, the antenna number must be increased to
achieve the same performance as the good power control case.
In Fig.4, the proposed algorithm compares and identifies the
codetimings of the desired spreading code sequence accurately,
while it is hard for the sample cross-correlation method to
make the right recognition.
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Fig. 3 Synchronization results for CDMA Scenario Il, (Upper): odd
antenna sensors, (Lower): even antenna sensors.

V. Conclusion

Code timing acquisition algorithm of an asynchronous
DS-CDMA system exploiting spatia-tempora diversity is
proposed for detecting the multipath timings of asingle desired
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Fig. 4 Synchronizationresults of the samplecross-correlation algorithm
(Upper) and the proposed algorithm (Lower). (M=8, SNR=6dB, and

MAI=~14dB in a Near-Far Interference Environment)

user under multipath fading and near-far environment. It should
be noted that the only requirement for the proposed detector is
the prior knowledge of the desired user’s spreading sequence.
No sideinformation of system usersis necessary whilefocusing
on a given user. Also the proposed agorithm can be easily
extended to multiuser detection by forming all the single-user
detectors in parale if al users spreading code seguences
are available. In other words, the proposed agorithm can be
used to identify the multipath timings for either multiuser or a
single-user case. The acquisition performance is aso shown
to be significantly improved as the number of antenna array
increases and to be near-far resistant detector.
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