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Interference Suppression Capability of Array Antenna
Using Cyclic Prefix in Block Transmission
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SUMMARY  In block transmission systems, performance degrades due
to inter-block interference (IBI) when there are multipaths with delays ex-
ceeding cyclic prefix (CP) length. An interesting technique to overcome
this problem is an array antenna proposed by Hori et al., which restores the
CP property by minimizing a cost function. However, its performance has
not been theoretically cleared. In this letter, the performance of a method
which minimizes the cost function under a unit norm constraint is analyzed.
It is shown that the method can suppress IBI and its interference suppres-
sion capability depends on a certain parameter. The analytical result is
verified through computer simulation.
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1. Introduction

Block transmission systems such as orthogonal frequency
division multiplexing (OFDM) is a popular method for high-
rate data transmission and has been successfully applied to
wide variety of wireless systems such as digital broadcast-
ing and wireless LAN. In block transmission systems, cyclic
prefix (CP) is inserted between transmitted blocks to prevent
inter-block interference (IBI), so that the beginning part of
a block is equal to the ending of the block. However, when
there are multipaths with delays exceeding CP length, resid-
ual IBI severely degrades the system performance.

To overcome the disadvantage, there are several ap-
proaches such as interference cancellation [1], time-domain
equalization [2], and adaptive array antenna [3], [4]. As for
adaptive array antenna, there is a recent interesting work by
Hori et al. [5]. They focused on the fact that the CP prop-
erty observed in the transmitted signal is destroyed in the
received signal due to IBI. To restore the CP property at
the array output, they employed a cost function which is the
mean squared difference between an array output and its de-
layed version. A remarkable feature of the method is that,
unlike training-based methods [4], it can be implemented by
blind algorithms. In [5], the sample matrix inversion (SMI)
technique was used to obtain an array weight vector which
hopefully minimizes the cost function. Although the effec-
tiveness of the method was verified by simulation, its in-
terference suppression capability has not been analyzed yet.
The performance analysis of the SMI based method is diffi-
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cult because of the nonstationarity of the transmitted OFDM
signals.

Imposing a unit norm constraint on the weight vector
to avoid a trivial solution makes the minimization problem
tractable. In this letter, thus, the performance of a method
which minimizes the cost function proposed in [5] under the
unit norm constraint is theoretically analyzed. It is shown
that its interference suppression characteristics can be con-
trolled by a certain parameter.

2. Analysis of Array Antenna Using CP
2.1 Communication Model

In block transmission system using CP of length P, the base-
band transmitted signal can be represented as

0-1
u(t) = Z Z Ujn+isN-PC(t — jTo —iTy) (1)
j =0

where {u_,»N+k}kN=‘0‘ is the jth (transformed) symbol sequence
of length N and has a variance 02, c(t) is the pulse wave-
form of width 7., Q = P + N is the block length, T is
the sampling period, Ty = QT is the block duration, and
(7)w 1is the residue of i modulo N. Due to the CP property,
u(t) =u(t+Ty)for jTg <t < jTo+Tp, where Tp = PT is
the CP duration.

Let us consider a communication system where there
are M + 1 paths, i.e., a direct wave and M delayed waves.
The signal vector received by a uniform linear array com-
posed of K antennae with half wavelength element spacing
is described by the following model

x(1) = Au(?) + n(r) 2)
where A = [hoag --- hyay], h; is the ith path gain,
2 [0 ... pink-Dsing T g impineine direc-
a = [e e ] , 6; is the impinging direc

tion of the arriving wave from the ith path, u(r) =
[u(t —70) -~ ut — )", 19 < -+ < Ty is the delay of
each arriving wave, n(¢) = [n,(t) --- ng(#)]” is a noise vec-
tor, and (-) represents the transpose of a matrix. The chan-
nel noise n(f) is assumed to be spatially and temporally
white Gaussian with zero mean and variance equal to o2 and
uncorrelated with the transmitted signal. The array antenna
output is given by

y(1) = wx(1) 3)

where w is the array weight vector and (-)" represents the
Hermitian transpose of a matrix.
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2.2 Cost Function

If IBI component at the array output does not exist, there
exists ¢ such that y(¢) is equal to y(t + Ty) due to the CP
property. Based on the fact, a cost function was introduced

(5]
J(w) = Elly(6) = y(& + Tw)'] “)

where 6 € [0,Tp] is the delay parameter. In [5], the SMI
technique was used to avoid a trivial solution w = 0. It is not
clear, however, the solution obtained by the SMI technique
minimizes the cost function. Here, we impose a unit norm
constraint on w. The cost function can be rewritten as

J(w) = E[|[W#%s[0]] = wRw, s.t.|w] =1 5)

where X5[k] = x(kTg + ) — x(kTp + 6 + Tn), R, =
E[ig[O]igl[O]], and || - || is b norm. Thus, J can be min-
imized by the eigenvector corresponding to the minimum
eigenvalue of R,.

2.3 Effect of Delay Parameter on Performance

In [6], to control which arriving waves are suppressed, a
window function was introduced. In the following, we show
that the control is readily possible by appropriately setting
the delay parameter 6.

Theorem 1: If A has full column rank, R, = 20'51, where
R, = E[i;af] and @i = u(6) — u(S + Ty), and 6 € [0, To]
is given, then the arriving waves whose delay 7; does not
satisfy 6 — Tp < 7; < ¢ can be suppressed by minimizing the
cost function J.

Proof: All the arriving waves are classified into two
sets: A = {il0 — Tp < 1; < 6} and its complement A. For the
i€ Athwave, (6 —1) =ul@d—1)—ul@d+Ty—1;) =0.
Then, the cost function can be rewritten as the summation
of the IBI and noise components

J(W)

2
E||lwH Z a;ii(0 — 11)| |+ 202
icA
w/AR, A" w + 2072 (6)

where A = [al(l) at(‘ﬁ‘)], t(k) is the kth smallest ele-
ment in A, |A| is the number of the elements of A, R, =
Efo;], and 0; = [a(6 — 7,1) -+ #(6 - 7,qz))|- Since
it is clear from a given condition that R, = 20'51, then
J(w) = 202w AA"#w + 202, Since A has full column rank,
A has full column rank. Thus, A”w = 0 has a nontrivial
solution wy. Then, the cost function is minimized and its
minimum becomes J(wq) = 2072, this implies that the arriv-
ing waves u(t — 7;) for i € A are nulled. m]

Let us mention about the conditions in the theorem.
Since A is a Vandermonde matrix, if 6; # 6; for i # j and
M +1 < K, A has full column rank. Furthermore, it is easily
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confirmed that R, = 20721, if w is white, 7,41 — 7; > T for
alli,and rpy — 179 < Ty — T%.

According to the theorem, we can suppress any arriv-
ing waves beyond a T'p interval, in other words IBI can be
always suppressed by minimizing J. Also, by appropri-
ately setting 9, we can control which arriving waves are sup-
pressed. Let us show two examples: (i) when 6 = Tp only
the arriving waves whose delay satisfies 0 < 7; < Tp are
extracted, (ii)) when 79 < ¢ < 7 all waves are suppressed
except the direct wave.

3. Simulation Results

To verify the above analytical results, we carried out
computer simulation. A batch processing was employed
to obtain an array weight vector.  First the correla-
tion matrix R, was estimated by time-averaging R, =
1/B Zf;ol X5l j]x? [/1, and then the eigenvector correspond-

ing to the minimum eigenvalue of R, was computed and
used as an array weight vector.

In the following simulation, we set B = 1000, N =
16,Tp = 4T, SNR=20[dB], and the path gains h; were
zero-mean complex Gaussian random variables. There were
four arriving waves, i.e. M = 3. Their delay and direc-
tion were 7 = 0, 7y = 2T,, 7 = 7T,, 73 = 8T, and
6y = =20, 6, = 60,6, = —60, 63 = 20, respectively.

In Fig. 1, beam patterns for § = Tp and T are shown
where K = 4. In the case of 6 = Tp, the first and sec-
ond waves are extracted. On the other hand, only the direct
wave is extracted in the case of § = T,. These results are
coincident with our analysis.

Figure 2 shows the magnitude of the array response to
the arrival waves defined by V; = |[w/a(6;)| when the delay
parameter ¢ varies.In this case,we set K = 5. It can be ob-
served that the array response depends on ¢ and the arriving
waves which does not satisfy the condition 6 — Tp < 7; < 6
are suppressed.
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Fig.1  Beam patterns for different 6.
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Fig.2  Array responses to arriving waves controlled by varying delay
parameter 0.

4. Conclusion

In this letter, the performance of the method based on the
cost function proposed in [5] has been analyzed. It was
shown that IBI can be suppressed by minimizing the cost
function and the delay parameter can control which arriving
waves are suppressed. The validity of the analytical result
was verified by the simulation results of the method imple-
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mented by the batch processing. An adaptive algorithm for
time-domain equalizers based on a similar cost function has
been proposed in [2] and its interference suppression capa-
bility has been analyzed in [7]. Though the approach in [7]
is a good reference, the result presented in this letter is not
directly derived from it.
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