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Abatract: Blind source separation for mobile communications systems is consid-
ered in this paper. Adaptive blind souree sgparation algorithms are likely to diverge
when the available data are limited in length due to the rapid change of channel char-
acterigtica. We propoge to deal with this problem in a manner that leads to a nowel
iterative blind source separation alporithm based on least-acquares constant modu-
lus alporithm (LECMA) for instantaneous mmltiple-input multiple-output (MIMO)
gystems. The approach taken exploits the parallel interference cancellation to re-
duce blindly the effect of interference. The algorithm is robust and exhibits good
performance as verified by computer simulations.

1 Imtroduction

Blind source separation is a fundamental problem in signal processing, with applications in
many areas of comnmnications, such as array signal processing and blind channel equalisation.
Adaptive blind algorithms hased on some statistics of output signals can be used to separate
the received signals [1]. It is known that adaptive algorithms require data of sufficient length to
comverge. If the channels change rapidly, adaptive blind algorithms may diverge. Iterative blind
gource aeparation techniques ecould serve as a pogaible aolution to such problems. In this paper,
we congider iterative blind source separation alporithms for instantaneous mixtures such as the
BLAST system as proposed in [2] - [4].

A promiging approach to the iterative blind separation problem is the least-squares constant
modulus algorithm (LICMA) [5]. Based on this algorithm, in [§] we presented an extension
of LSCMA which included successive interference cancellation. Here we present an algorithm
that takes adwantape of parallel interference cancellation (PIC) to remove the degradation of
interference from other tranamit antennas, Simulation results show that our propoged al porithm
exhibita better performance and ia more robust to the lenpgih of data used.

2  System Model

In this paper, we congider a system with M transmitters and N receivera ag shown in figure 1.
The instantaneous multiple-input multiple-output observations collected owver Vg consecutive
aymhbol periods are
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Figure 1: Vertical-BLAST system.



X = HA+V, {1)

where

X N =x Ny received signal matrix,

H N x M channel matrix,

A M x Ny tranamitted #ipnal matrix,
v N = Ny iid Gaussian noise matrix,

obtained from an uncoded vertical-BLAST (V-BLAST) system [3], [4]. In a rich multipath
environment, the channe]l matrix H can be modelled by a matrix having independent identically
distributed (iid), complex, sero-mean, unit-variance entries. We assume that H is unitary. If
it is not unitary, the received signala can be prewhitened. Each component of A is drawn
from the same constellation, i.e. QAM, and thereby has the same statistical properties. This
problem is reparded as a problem of blind source separation (B33) where the poal is to recover
the transmitted signals A using only the received sipgnala X.

3 The Proposed Algorithm

The proposed algorithm is hased on LICMA, which has heen developed from a coat function
represented in a form of the sum of aquares error. The algorithm is derived by using (Gausa’s
method, and exhibita pood performance for a system consmisting of one transmitter and two
receivers [5]. Based on LICMA and PIC, the proposed algorithm is hence named the parallel
interference cancellation least-squares constant modulus algorithm (PIC-LECMA) and is devel-
oped as followa., Denoting w,, the mth column vector of the ¥ »x M equalizer matrix W, the
propoged algorithm is developed from the cost function

Fo(wm) = 3 _(lwdm(k)] - 1)7 = |B(wm) |, (2)
=1

where %, (k) is the Ath column vector of X, and ${wy,) = [wfiX,.|—1. The parallel interfarence
cancellation process is

Xm =X — Heg I, (3)

where Hyy is obtained by disearding the rath eolumn of the estimated channel matrix H. Let
[ - ]i,j denote the (i, §)th element of a matrix {and similarly for the ith element of a vector). The
{rn, k)th element of ¥ iz given by

[qr]'mJﬂ = [}Fm]hfrl[}rm]kli {-‘1:]

where the mith row of T is the estimated mth atream, and ym = wf,_im iz the output of the
ruth equalizer. Similarly, T is formed by discarding the mth row of .

Due to the limited mumber of data used in each data block, the sample average is used to
estimate the channel matrix, which is given by

F(i+1) = Niﬂxqsﬂ(i;, (5)

where {ia the iteration index. The proposed algorithm is then obtained by using Gauss's method.
This method updates w, by the offset A, which minimizes

T (W + Am) 55 [ B(wm) + Q% (W) Am|lZ, (6)



Initialization: B = XX, H{0) =T, W(0) = I, [€{0)],.. , = [X],ns /| K] |
Frm each iteration &

1. form =1,2,.., 0
» create He(i} by discarding mth cohumn of H{E)
s create T=(i) by discarding smth cohimn of T4}
» zet X, (i) = X — Ho({) O={8)
n set yli) = Wi (6) Ko (i)
» npdate ¥ as [W{E)] ., = [rwmlfl]y /| [Femlfi], ]

end fw

2. npdate H as H{i + 1) = I—HX'ITH i)

3. update W as Wi+ 1) = R XTH()

4. if Wi +15 - WE /|[W{H| = £, go to step 1.

Figure 2: Summary of the proposed algorithm,

and results in

Wi +1) = Wn(i) — Amli)
= wmli) — (Rgd)) ™ Qlwm(i)} @ (wmli)), {7)

where Q(Wrn(#)) = Vs, () H(Win (1)) and Ro(i) = Q(wim(i))@¥ (wr(i)}. By assuming that the
transmitted signals are lineady independent, the update equation is therefore obtained as

wali+1) = wall) — Ka@XA@O) * Xa@yml) - dml@)*
= (Xn(i) X5 ) Xnlilymii). {8)

The algorithm is summarised in fipure 2 where £ ia a amall stopping parameter. This al porithm
requires O{NAM (M — 1)Vg) Hops to perform the parallel interference cancellation and another
Q{NMNg) flops to update W,

4 Simulaton Results

Performance of the propoged algorithm is observed throupgh simulations and compared with the
succesgive interference LICMA (3IC-L3CMA) proposed in [§]. A V-BLAST system congisting of
N =M = 3 was congidered with a random instantaneous unitary channel H. The transmitted
gignal was drawn from a -QAM constellation. The block sive Ng used in sitmlationg was chogen
to be 50, 100 and 150. In addition, the stopping parameter £ was set to 1071,

Figure 3 shows the performance comparison of PIC-LECMA and SIC-LECMA for N5 =50, 100
and 150 respectively. In each case we see that PIC-LECMA gives better performance than
SIC-L3CMA. Comparing fipures 3{a), 3(b) and 3c), we note that PIC-LICMA is convergent
even for amall data block sise. The reason for these effecta is that estimated signala from other
transmit antennas are removed from the received signala before equalization is performed. As
the estimated signala converged to the tranamitted sipnals, the parallel interference cancellation
removes the true interference from the received signals, and thereby the algorithm exhibita
improved performance.

B Coneclusions

We have pregsented a nowel iterative blind separation algorithm based on the leasi-squares con-
gtant modulus algorithm (L3CMA) and parallel interference cancellation. Simulation results
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Figure & Bit error rate (BER) comparison for ¥ = Af =} with different data block sizes.

have shown that the propoged algorithm exhibita pood performance and is more reliable as
compared with the algorithm based on the succeasive interference cancellation,
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