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ABSTRACT

In this paper, a closed-form array response estimation
(CARE) technique for blind source separation in wireless
communication is developed. By exploiting the data
structure of second-order statistics of the array output in
the presence of multipath, we construct a signature matrix
in such away that its eigenvectors corresponding to none-
zero eigenvalues are just the array response vectors. Thus
a closed-form solution of array response can be obtained
by eigen-decomposition. The theoretical analysis and the
simulations show that the proposed method achieves array
response estimation with little constraint on signal
property and propagation environment such as scatters or
angular spread. Moreover, the array considered here can
be of arbitrary geometry and even uncalibrated.

1. INTRODUCTION

Currently, the use of antenna arrays as a tool for canceling
co-channel interference, increasing system capacity and
improving cell coverage in wireless communications has
been suggested [1][2]. Based on the different array
response to each of the signals, the mobile users occupying
the same frequency, same code and same time, but in
different locations, will be separated via spatial filtering
[3][4], even in the presence of multipath. In Time-
Division-Duplex systems, since the receiving and
transmitting channels are reversible, the array responses
obtained from uplink can also be utilized to form sensor
weights for downlink selective transmission [5][6], i.e.,
sending message towards one user and not at another in
the same channel. Bearing the rich information about
multi-users’ position, the array response reveals the feature
of the channel between the user and the array in the short-
delay multipath scenarios and is often referred to as spatial
signature or spatial channel as well. Obviously, the
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estimation of array response plays an important role in the
exploitation of spatial diversity.

The traditional algorithms combine high resolution
direction-finding techniques such as MUSIC and ESPRIT
with the estimation of array responses [3][7], relying on
the fact the array response is a known function of DOA. In
a coherent multipath environment, however, these
algorithms either require that the number of signals
including multipath reflections be less than the number of
sensors, or involve a point source model for approximation,
which restricts their applicability in real wireless settings.
Talwar et al. [4] attacked this problem and introduced a
theoretically simple and efficient approach which
estimates the users’ array response vectors by exploiting
the finite-alphabet property of a digital communication
signal, but with the limitation that signals from all users
must be perfectly synchronized at the bit-level. Recently,
under the assumption of local scattering, which means the
angular spread of coherent signals is confined to a
relatively small region, a generalized array manifold
model was proposed [8] approximating the array response
to some vector from the conventional planewave manifold.
Unfortunately, the drawback of the method is that the array
needs to be well calibrated. Besides, it is pointed out [10]
that, in the presence of distant scatters and base-station
scatters, the local scattering model is not so preferable,
especially for micro-cell and indoor wireless telephony.

In this work we focus on the uplink signal separation
based on array response and propose a novel Closed-form
Array Response Estimation (CARE) method by
constructing and eigen-decomposing a signature matrix.
The method imposes little constraint on signal property or
propagation environment such as scatters or angular
spread. Furthermore, the array considered here can be of
arbitrary geometry and even uncalibrated, thus the method
is particularly useful in practical wireless communications.
Using M sensors, the array responses to M users can be
estimated, which means M uplink signals can be blindly
separated.



2. PROBLEM FORMULATION
Consider d  narrowband signals together with their
respect multipath impinging at an array of M sensors with
arbitrary characteristics. The scenario is assumed to be
time-invariant during the observation period. The output of
ith sensor is given by
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where kL  is the number of multipath for kth signal )(tsk ;

kl�  and kl�  are, respectively, the attenuation and time

delay corresponding to lth multipath; ig  is a complex

scalar standing for the gain of ith sensor, which is assumed
to be unknown herein; )( klia �  is the element of steering

vector T
kldklkl aa )](),...,([)( 1 ��� �a  corresponding to the

DOA kl� ,  )(tni  represents additive Gaussian noise

with covariance 2
� , which is assumed to be temporally

and spatially white and independent of signals, i.e.,
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where )(�� is Dirac function.
 We assume that delay spread caused by multipath

propagation is much smaller than the inverse bandwidth of
the signals, i.e.,
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Then the narrowband assumption applies and the data

model becomes
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where ika  is ith element of spatial signature vector ka

for )(tsk ,
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and c�  is carrier frequency. Collect the signals at the

array outputs, we have a vector form of (3),
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where ka~  is referred to as array response vector

corresponding to )(tsk ,
T
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and T
d tstst )](),...,([)( 1�s , T

M tntnt )](),...,([)( 1�n ,

]~,...,~[ 1 daaA � . Given the observation of )(tx , the array

response matrix A  is what we intend to estimate in the
following section.

  

3. THE CARE METHOD

We select arbitrary two sensors in the array, namely, #1

and #2 sensor, as “guiding sensors”. Since { )(tsk } are

mutually not correlated with each other or with � �tni  and

� �tni  is the additive Gauss white noise, according to (2) (3)

and (6), we have the cross-correlation function between

the normal sensor output )(txi  and the guiding sensor

output )(1 tx  as follows,
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where )}2/()2/({)( *
��� ��� tstsER kkss kk

. Similarly,

for the other guiding sensor we have
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Alternative forms for (7)(8) are:
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By sampling )(1 �R , )(2 �R  uniformly at N (N>M) lags

),...,2,( sssnn NTTT��� , the “pseudo snapshots” are

collected as follows,
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and also we have
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where )](),...,2(),([ ssssss NTTT RRRS � . It can be seen

that the pseudo snapshot matrix 1X  and 2X  are formally

similar to conventional matrix pencil in the ESPRIT [11]
or DOA-MATRIX [12] method, but the ESPRIT method
can only obtain matrix � , not A . To solve matrix A ,
we define the signature matrix as
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where [ ]� � denote the pseudo-inverse, i.e., IXX �
�][ 11  .

Lemma:  If the array response matrix A  is full-rank,

then the signature matrix R  has its d  non-zero

eigenvalues equal to the d  diagonal elements of �  and

corresponding eigenvectors equal to the d  column

vectors of matrix A , i.e.,
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Proof:  From (13) we obtain
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Substitute (16) back into (13)
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Thus, we can estimate the array response matrix A

from the eigenvectors of R  in a closed form. We call this

method the Closed-form Array Response Estimation

(CARE) method. Obviously, with M sensors, the proposed

CARE method is capable of estimating up to M array

responses corresponding to M users.

There is a scalar ambiguity in the array response

vector estimates, since
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For any scalar kc , both ka~  and '~
ka  are valid solutions.

However, this ambiguity hardly matters to array response

based source separation or downlink beamforming.

4. SIMULATION

In our simulations, we adopt a uniform linear array of

M=7 sensors for simplicity, though the CARE method is

applicable to any kind of arrays. Since we have assumed

that the array is uncalibrated, so the complex gain of each

sensor is randomly chosen. 100�tN  independent Monte-

Carlo trials are taken. In each trial 100 real snapshots and

30 pseudo snapshots are collected. The signals of each

user are co-channel ones, i.e., share the same carrier

frequency.

CASE 1: Consider 2�d  signals arriving along their

corresponding 4�kL  paths from [ 040 , 060 , 035 , 015 ] and

[ 050 , 075 , 00 12,30 ], respectively. Note that the angular

spread is very large here. To measure the accuracy of the

estimated array responses, define Root Mean Square Error

(RMSE) as
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where n
kâ  is the estimation of ka~  in the nth trial. Fig.1

illustrates the results of RMSE versus SNR, which shows

that CARE method performs quite well regardless of wide

angular spread and low SNR.

CASE 2: In this case we intend to evaluate the ability of

CARE to perform signal separation. With estimate of the

array response matrix Â , the estimated signals are given

as

)(ˆ)ˆˆ()(ˆ 1 tt HH xAAAs �

� .

Two independent signals with 20dB and 30 dB SNR are
present. Each signals has two paths at the DOA of

[ 00 10,30 ] and [ 00 10,30 ��� ], respectively. The
corresponding path attenuation and delays of two signals
are set to be identical, i.e., ll 21 �� � , ll 21 �� �  ( 2,1�l ).

Thus, the smaller �
  is, the closer two array response
vectors are, and the more difficult it may be to separate
two sources. The signal to interference and noise ratio
(SINR) is defined as follows to evaluate the performance.
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 is the estimation of the kth user’s

signal )(tsk �The average SINR of the estimated weaker



signal for different angular interval ��  is shown in Fig2.
Clearly, the Care method can separate two co-channel
signals successfully even if their array responses are very
close to each other.

5. CONCLUSION

We have constructed a signature matrix and proved that its
eigenvetors corresponds to the array response vectors,
which leads to the proposed CARE methods. Using M
sensors, the array responses for M users can be estimated,
which means M uplink signals can be blindly separated.
The method imposes little constraint on signal property
and propagation environment such as scatters or angular
spread. Furthermore, the array considered here can be of
arbitrary geometry and even uncalibrated, thus the method
is particularly useful in practical wireless communications.
The simulation results show the effectiveness of the
method.
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Fig.1 RMSE of two array responses versus SNR
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Fig.2 Performance of signal separation based on estimated array
response.


