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Abstract:

A novel decorrelating DOA estimation algorithm of multipath signals for CDMA frequency-selective fading

channels based only on the principal eigenvector of its corresponding covariance matrix is proposed. The proposed algorithm

has the advantages that the DOAs of the multipath signals can be estimated independently and all the other resolved multipath

signal interference is eliminated. Simulation results show that this algorithm estimates the DOAs of multipath signals efficiently

and accurately.
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Code division multiple access (CDMA) is seen as
one of the generic next-generation signal access

CDMA

possesses many intrinsic advantages over the early

strategies for wireless communications.

access techniques such as time-division multiple access
(TDMA)
(FDMA). Furthermore, as in other multiple access

and frequency-division multiple access
system, the use of antenna array in CDMA is expected
to improve system capacity, quality and coverage
promisinglym. One of the key techniques in antenna
array CDMA system is the direction of arrival (DOA)
estimation of the objective multipath signals. A number
of DOA estimation algorithms were proposed during the
last decade>™' . Since in CDMA, the users operate in
the same frequency and time channel, and multiple
access interference (MAI) arises from other users. The
conventional DOA estimation algorithms such as
multiple signal classification (MUSIC) and estimation
of signal parameter via rotational invariance technique
(ESPRIT) algorithms need that the elements of antenna
array outnumber the signal source number. However,
generally there are several tens of users and several
sub-paths per user within a cell for a typical CDMA
system. The cross-correlation from the multipath
co-channel signals causes that the conventional DOA
estimation algorithms such as MUSIC and ESPRIT
algorithms cannot be used directly in CDMA system.
Unlike the general antenna array system, there is
abundant prior knowledge of effective signature
waveforms in CDMA system. The spread code is known
a priori. In CDMA system every user processes its

particular spread code, therefore in principle one can
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extract the desired signal one by one from each
direction. The decorrelating DOA estimation algorithm
proposed exploits knowledge of the desired user’s
decorrelating

spreading code and accomplishes

estimation without multiuser interference.
1 System Model

In this section, we consider the decorrelating

detector™®’

with antenna array. We only concern a
synchronous CDMA channel with slow frequency-
selective fading. In practice, the channels are
generally asynchronous and the detection problem in an
asynchronous channel is more complicated than in a
synchronous channel. However, once the detection
problem in a synchronous channel has been formulated,
the extension to the detection problem in an
asynchronous channel is straightforward. So we only
consider a synchronous channel. In practice, the
channel is subject to multipath fading, generally the
difference between delays of sub-path signals is longer
than the chip period, i.e., the channel is subject to
frequency-selective fading. For this reason we concern
this situation.

Assume that there are N users and each has L
resolvable multipath signals when impinging on the
antenna array. The base station receivers employ a
linear antenna array of M uniformly spaced receiving
elements, separated by a distance d, and, typically is
chosen to be A/2,
corresponding to the carrier frequency f as shown in

Fig. 1.

The received signals from the base station antenna

where A is the wavelength
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array can be written as
N L
l
x(t) = Z Z v Pb (i —m)
i=1 i=1

x (1= g )eia, + () (D)

where P, ,, ¢, ,,b.(t),¢;(t),Bw, a;, are the signal
power, carrier phase, information sequence, spreading
sequence, channel bandwidth, and array response
vector of the [-th sub-path signal of the i-th user’s,
respectively. n(t) denotes the zero mean spatially and
temporally white Gaussian noise vector of the antenna
array, 1.e., Eln(t)n"(t)] = 6*I5(t = 7), where
8(t) denotes the Dirac delta function. For synchro-
nous system only a symbol period T, needs to be
considered. From (1) the received signals from the
antenna array can be rewritten as matrix form

x(t) = ABP®C(t) + n(t) O0<t< T. (2)

where

A = [al,l7a],27“.7a1,ll7'“7ae\/,l,]
B = diag[bl,bl,"',bl,bQ,"',bN]
(R ——
L
P = diag[ PiioV Py Prpswy P/WJ
P - diag[ej‘fl,l ,ej9‘1,2 , ..’ej‘Pl,L ’...’ej“’w,LJ

L

C(1) = Ler(0)yen(t =)o (1= 7o),

ey (1= )"

G-1

Among C(t), ¢, (1) = qu(n)g(t - nT,),where

n=0
G is the spreading factor or processing gain, 7T.( =
T./G) is the chip period, {)’q(n) |0671} is the ¢-th
user’ s spreading code, and g(t) is the chip
waveform.

To extract every resolvable sub-path signals, in
conventional detector N x L correlators need to be
used. The performance of the conventional detector

depends on the correlation matrix that is defined by
r
R = [ CC (D
0

From the N x L correlators with each spreading
sequence, the outputs sampled at the bit epochs are

given by the matrix

T
Yy = j "x(1)C"(1)dt = ABPOR, + N (3)
JO

where N = JTSn(t)CH(t)dt.

0

To eliminate the multipath signal interference and
decouple the information of the user’s data, the
decorrelating detector applies the inverse of correlation
matrix to the conventional detector output. The
decoupled output matrix from the decorrelator is given
by

Z = YR,' = ABP® + N, = [z,,,2,,,"",

zl,l‘,""zw,/,} (4>

where N, = [ n ].

Obviously, each column vector of the matrix Z

n e n e n
17 R 2T A

1.
contains a single resolved sub-path signal and has not
interference from all the other resolvable mutipath
signals. So every resolvable sub-path signal is detected
independently.

Therefore the decoupled vector of the [-th path

signal of the i-th user’s can be written as
Zip = Qi v Pi,zew"lbi +n, O0<i<L (5
where b; is the symbol of the i-th user’s signal and

n. is the corresponding noise vector. From (5) the

i,

covariance matrix of z; ; is given by

" " ~2
Rzil = El:zi,lzi,lJ = P, a a;, +0;,1

N T
where ¢35, = UZ[J ‘ C”(t)vi,lvf{ZC(t)dt] and v, ; is
0

the i x [-th column vector of the matrix R_'. The noise

vector . is also spatially white besides temporal

white>® .

2 Proposed DOA Estimation Algorithm

Now we concern the DOA estimation of a desired
sub-path signal. After a desired sub-path signal is
decoupled based on the decorrelating algorithm above
we can apply the conventional MUSIC algorithm to
estimate the DOA of the desired sub-path signal based
on the principal eigenvector of the covariance matrix

R. .
1

The proposed decorrelating DOA  estimation
algorithm based on the principal eigenvector can be
summarized as follows:

1) From finite observations of z;,, estimate its

covariance matrix R; ;

,\ 1
R, = NZZi,,(n)zﬁ,(n)
n=1

2) Perform an eigendecomposition of the sample
covariance matrix R; ;, to reveal the largest eigenvalue

A, and its corresponding principal eigenvector €, .
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3) Construct the spatial spectrum function as
Pmu<6i,l) = I:l - Ha;[l(ei,l>el “ZJ_I (6)

where for uniformly spaced antenna array

2nd .
agl<6i,l) = [l,exp( -] %sm(@i,,)) yTty
exp( —]%ﬂi(M - l)sin(@i,,))]/«/ M
4) Search the peak of the spatial spectrum
function P, that provides the DOA estimation of the

decoupled sub-path signal. The estimation of 0, is
given by
0., = arg rglax{[l— lal, (6. e |* 17" (7)
i1

Compared with the conventional MUSIC method,
the proposed decorrelating DOA estimation algorithm
processes several main advantages. First it requires
only the principal eigenvector to be solved, conse-
quently the corresponding computation is decreased.
Secondly, the proposed algorithm needs not to detect
the gemination number of minimum eigenvalue and the
number of signal sources because of the decorrelating
process. Thirdly the proposed algorithm needs only to
search the maximum spectrum peak, and the
corresponding search algorithm is simple and reliable.
Finally, also because of the decorrelating process the
cross-correlation interference caused by multipath
propagation is decreased greatly and make the proposed

algorithm accurate.

3 Simulation Results

We present a simulation result to illustrate the
performance of the proposed algorithm. In this
simulation, we employ an 8-element liner array for
reception of BPSK multipath signals. The sub-path
signal power and carrier phase of the desired user’s
signal are assumed to be 1 and 0, respectively. The
spreading sequence is 31 Gold codes. Suppose that
there are five users within a cell and each has two
resolvable sub-path signals. The directions of arrival,
20° and 30°, is from a user, and the directions of
arrival, 22° and 50°, is from another user. The average
performance of 100 Monte-Carlo simulations with the
proposed algorithm is shown in Fig.2. Though the DOA
of different sub-path signals are estimated respectively,
for simplification and comparison, they are shown in
the same figure. From Fig.2, it is easy to see that the
proposed algorithm estimates DOAs of the desired
sub-path signals accurately even though for signals

which may be superposition spatially.
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Fig.2 Directions of arrival through the proposed algorithm

4 Conclusion

In this paper, a novel decorrelating DOA estima-
tion algorithm for CDMA frequency-selective fading
channels is proposed. Making full use of the prior
knowledge and signature of the spreading sequence of
CDMA system,
advantages that need not detect the eigenvalues and
other than the

the proposed algorithm has the
their corresponding eigenvectors
principal eigenvector corresponding to the maximum
eigenvalue. Furthermore the proposed algorithm does
not require that the array elements outnumber the
required in

multipath numbers that is

conventional MUSIC like DOA estimation algorithm.

signal

The proposed algorithm has simple, accurate and

robust quality. All of these makes the proposed

algorithm quite suitable for the DOA estimation of
synchronous CDMA systems.
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