BLIND CLOSED-FORM ARRAY RESPONSE ESTIMATION
IN WIRELESS COMMUNICATION

Liang Jin, Min-li Yao and Qin-ye Yin
Information Engineering Institute, School of Electronics and Information Engineering,

Xi'an Jiaotong University,
Xi'an, Shaanxi 710049, P. R. China

ABSTRACT estimation of array response plays an important role in the
exploitation of spatial diversity.

In this paper, a closed-form array response estimation The traditional algorithms combine high resolution
(CARE) technique for blind source separation in wireless direction-finding techniques such as MUSIC and ESPRIT
communication is developed. By exploiting the data with the estimation of array responses [3][7], relying on
structure of second-order statistics of the array output inthe fact the array response is a known function of DOA. In
the presence of multipath, we construsignature matrix a coherent multipath environment, however, these
in such away that its eigenvectors corresponding to none-algorithms either require that the number of signals
zero eigenvalues are just the array response vectors. Thugcluding multipath reflections be less than the number of
a closed-form solution of array response can be obtainedsensors, or involve a point source model for approximation,
by eigen-decomposition. The theoretical analysis and thewhich restricts their applicability in real wireless settings.
simulations show that the proposed method achieves arrayralwar et al. [4] attacked this problem and introduced a
response estimation with litttle constraint on signal theoretically simple and efficient approach which
property and propagation environment such as scatters oestimates the users’ array response vectors by exploiting
angular spread. Moreover, the array considered here camhe finite-alphabet property of a digital communication

be of arbitrary geometry and even uncalibrated. signal, but with the limitation that signals from all users
must be perfectly synchronized at the bit-level. Recently,
1. INTRODUCTION under the assumption of local scattering, which means the

angular spread of coherent signals is confined to a
Currently, the use of antenna arrays as a tool for cancelingelatively small region, a generalized array manifold
co-channel interference, increasing system capacity andnodel was proposed [8] approximating the array response
improving cell coverage in wireless communications has to some vector from the conventional planewave manifold.
been suggested [1][2]. Based on the different array Unfortunately, the drawback of the method is that the array
response to each of the signals, the mobile users occupyingeeds to be well calibrated. Besides, it is pointed out [10]
the same frequency, same code and same time, but ithat, in the presence of distant scatters and base-station
different locations, will be separated via spatial filtering scatters, the local scattering model is not so preferable,
[3][4], even in the presence of multipath. In Time- especially for micro-cell and indoor wireless telephony.
Division-Duplex systems, since the receiving and In this work we focus on the uplink signal separation
transmitting channels are reversible, the array responsedased on array response and propose a novel Closed-form
obtained from uplink can also be utilized to form sensor Array Response Estimation (CARE) method by
weights for downlink selective transmission [5][6], i.e., constructing and eigen-decomposingsignature matrix.
sending message towards one user and not at another ifthe method imposes little constraint on signal property or
the same channel. Bearing the rich information about propagation environment such as scatters or angular
multi-users’ position, the array response reveals the featurespread. Furthermore, the array considered here can be of
of the channel between the user and the array in the shortarbitrary geometry and even uncalibrated, thus the method
delay multipath scenarios and is often referred to as spatials particularly useful in practical wireless communications.
signature or spatial channel as well. Obviously, the Using M sensors, the array responses to M users can be
estimated, which means M uplink signals can be blindly
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2. PROBLEM FORMULATION and  s(t) =[s/(t),..sg(O]",  Nn(t) =[m(t),...ny O,
Consider d narrowband signals together with their A =[a,....a4] . Given the observation ok(t ,)the array

respect multipath impinging at an arrayMfsensors with  response matrixA is what we intend to estimate in the
arbitrary characteristics. The scenario is assumed to b&ollowing section.

time-invariant during the observation period. The output of
ith sensor is given by
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3. THE CARE METHOD

We select arbitrary two sensors in the array, namely, #1
and #2 sensor, as “guiding sensors”. Sincg({ } aje
mutually not correlated with each other or with(t) and

n, (t) is the additive Gauss white noise, according to (2) (3)
and (6), we have the cross-correlation function between
the normal sensor outpux(t and the guiding sensor
output x(t ) as follows,

@)

where L, is the number of multipath fdth signal s, (t );

ay and r,, are, respectively, the attenuation and time
delay corresponding téth multipath; g; is a complex
scalar standing for the gain ithh sensor, which is assumed
to be unknown hereing (6, )s the element of steering
vector a(fy) =[81(64),---aq (¢9k|)]T corresponding to the
DOA §4,,, n(t) represents additive Gaussian noise

with covariance o2, which is assumed to be temporally
and spatially white and independent of signals, i.e.,

Ryn, (1) = E{n(t+7/2n] (t-2/2)} = 0 - 5(2)5( - )

R,.,, (1) = E{X t+7/2)x (t-7/2} (i=12..,M)

—E{li* (t+5)+n-(t+1)][i~* S (t=2)+m(t—2)])
= k=la|ksk AL k’=1a1kSk’ 5 n 5

d * _~
2[R s, ()] - F + o?S(r)s(i -1)

k=1

R.s (7) = E(n(t+7/2)s (t-7/2} =0 (2)

where (e )is Dirac function. k

We assume that delay spread caused by multipath * -
h =E{s(t+7/2)s (t—7/2)}. Similarly,
propagation is much smaller than the inverse bandwidth ofW ere RSkSK () =Es(t+7/2)8 (t-7/2)} imrarty
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the signals, i.e.,
mIaX(TH) << 1/ BV\‘<

Then the narrowband assumption applies and the data

model becomes
d
% () = Elgi%k%(t) +n(t) (3

where a; is ith element of spatial signature vectey
for s (1),

L, .
= [alk""vaik 1""aMk]T = lz;-a(eld) -akle_chTkl (4)

and o, is carrier frequency. Collect the signals at the
array outputs, we have a vector form of (3),

x(t) = i a, S, (t) +n(t) = As(t) +n(t)
k=1

(®)

where a, is referred to asarray response vector
corresponding tos, (t )

g = [51ka--5ik:---’§Mk]T . 8y =8y -0 (6)

for the other guiding sensor we have

R, (1) = E{x(t+7/2)x, (t—7/2)}
d * -~
= I(Z_:l[Rsksk (7)ay] - &
d * -~ ~k ~%
= kz_:l[Rsksk(T)alk]'aik ‘(A /ak) (#0i=1..M) (8)

Alternative forms for (7)(8) are:
Ry(7) = AR(2)
R,(7) = ADR(7)

R1(7) = [Ryy, (7). R (1)1 Ry (D'
R2(7) = [Ryy, (1), R, (1), Ry, (O

Rs(7) =[Rys (7) @11, R g, (7)1, Ry, (7) -apg]”

and @ is a diagonal matrix,

9)
(10)

where

@ = diag(ay;/ 81,8,/ 81,84 / Byq]
By sampling R;(r ), R,(z) uniformly at N (N>M) lags
7, (7, =T, 2T,...,NT,), the

collected as follows,

“pseudo snapshots” are



X1 = [Ry(Te), R1(2Te),.. Ry (NTS)] (11) For any sca.larck, l?oth a, and a, are valid solutions.
However, this ambiguity hardly matters to array response

X2 =[R2(Ts),R2(2T¢),....R2(NTy)] (12)  based source separation or downlink beamforming.

and also we have

4. SIMULATION
X1=AS, X,=AdS (13)
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

where S=[R(T,),R.(2T,).....Rs(NT, )] It can be seen
that the pseudo snapshot matrk and X, are formally

similar to conventional matrix pencil in the ESPRIT [11] ] . .
or DOA-MATRIX [12] method, but the ESPRIT method that the array is uncalibrated, so the complex gain of each

can only obtain matrixd , not A . To solve matrix A , sensor is randomly chosem; =100 independent Monte-
we define thesignature matrixas Carlo trials are taken. In each trial 100 real snapshots and
R = X,[X,] (14) 30 pseudo snapshots are collected. The signals of each
] ) B user are co-channel ones, i.e., share the same carrier
where [¢]” denote the pseudo-inverse, i.85,[X,]” =1 . f
requency.
Lemma If the array response matrid is full-rank, CASE 1: Consider d =2 signals arriving along their

then the signature matrixR has its d non-zero  correspondingLy =4 paths from B0° ,6¢°,35°,15°] and

eigenvalues equal to the diagonal elements ofp and  [50°,75°,30°12°], respectively. Note that the angular
spread is very large here. To measure the accuracy of the

estimated array responses, define Root Mean Square Error

corresponding eigenvectors equal to thk column
vectors of matrix A , i.e.,

(RMSE) as
RA=A®, (15) L N 1y 2 2
- Rus = - 21— [a¢ -] a] o

Proof. From (13) we obtain N{ no1

S=(AMA)TARX, (16) where &} is the estimation ofg, in thenth trial. Fig.1

_ _ illustrates the results of RMSE versus SNR, which shows
Substitute (16) back into (13) that CARE method performs quite well regardless of wide
X, = Aq;(AHA)’lAH)(l 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
= ACD(AHA)’lAHxl[Xl]’A array response matriA , the estimated signals are given
as

Then,  RA =X,[X,]°A

= AD(A"A) AR A o
D . 5t) = (A" A)TA X .
Two independent signals with 20dB and 30 dB SNR are

Thus,. we can est|maFe the array response matr.lx Apresent. Each signals has two paths at the DOA of
from the eigenvectors oR in a closed form. We call this 0 0 _
[300,100] and [30° +A#10°], respectively. The

method the Closed-form Array Response Estimation . . .
CARE hod. Obviouslv. with M h q corresponding path attenuation and delays of two signals
( ) method. Obviously, wit Sensors, the proposed ;6 set to be identical, i.eqy =ay, 7 =79 (1=12).

CARE method is capable of estimating up to M array Thus, the smallerAd is, the closer two array response

responses corresponding to M users. vectors are, and the more difficult it may be to separate
There is a scalar ambiguity in the array responsetwo sources. The signal to interference and noise ratio
vector estimates, since (SINR) is defined as follows to evaluate the performance.
0, _ 0, _ _ s
X0 = L38O 10 = X E/Gles 0]+ SINR =200g01 ) s 2
k=1 k=1 Sk *

where s (t) is the estimation of thekth user’s

=33 (1) +n(t) signals, (t). The average SINR of the estimated weaker
k=l



signal for different angular intervahé is shown in Fig2. cochannel signal copy and direction findindBEE
Clearly, the Care method can separate two co-channel Trans. Signal Processingsol. 44, no.3, pp. 652-660,
signals successfully even if their array responses are very 1996.

close to each other. [10] J. Fuhl, A. Molisch, E. Bonek, “ Unified channel
model for mobile radio systems with smart antennas,”
5. CONCLUSION IEE Proc. Radar, Sonar, Navigvpl. 145, no.1, pp. 32-
41, 1998.

We have constructed a signature matrix and proved that it§11] A. Paulraj, R. Roy, T. Kailath, “Estimation of signal
eigenvetors corresponds to the array response Vectors, parameters via rotational invariance techniques —
which leads to the proposed CARE methods. Using M ESPRIT,” in Proc. 19" Asilomar Conf. Circuits, Syst.,
sensors, the array responses for M users can be estimated,COmput_,Nov 1985.

which means M uplink signals can be blindly separated.[lg] Q. Yin, R. Newcomb, L. Zou, “Estimating 2-D
The method imposes little constraint on signal property  Angles of Arrival via two Parallel Linear Arrays,” in

and propagation environment such as scatters or angular proc. IEEE ICASSP'8%0l. 4, pp. 2803-2806, 1989
spread. Furthermore, the array considered here can be of

arbitrary geometry and even uncalibrated, thus the methoc
is particularly useful in practical wireless communications. 0.14
The simulation results show the effectiveness of the
method.
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