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Adaptive Interference Cancellation Method in Wireless Repeater System

Yong-Sik Han'

o oF
I 5

= o7 7144 i/\]’\ ﬂ:!é &3k /\Hi—"r Signed CMA &S Aokl Aoty Slgned
CMAY LSS 2A4E 2~gAato]= ghol 93 Aseo] Hddrnt 2= Slgned CMAY HFatso g2 A4
gy M EfS A¥Adel 9 Aetd dudEsd val #Aste] AREgTE RS 10009 W AgAtel]
igned CMAY 12|59 Haxsdy Adeo] 7]1& CMA ¢audFxro ¢k 5dB 9

o
i
N
X
N
2
)
w2

vtk

ABSTRACT

The mobile communication service is widely used and the repeaters is rapidly increasing because of the extending service areas.
we propose a new Signed CMA(: Constant Modulus Algorithm) algorithm for ICS(: Interference Cancellation System) as a larger
service area of mobile communication service. The proposed Signed CMA algorithm improved performances by adjusting step size
values. We showed that the proposed algorithm could improve the Mean Square Error(: MSE) performance of Signed CMA.
MATLAB(: Matrix Laboratory) is employed to analyze the proposed algorithm and to compare it with the experimental results .At the
convergence of 1000 iteration state, the MSE(: Mean Square Error) performance of the proposed Signed CMA algorithm with step
size of 0.0065 is about 5 dB better than the conventional CMA algorithm.
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| . Introduction receive antenna. we propose a new sign-CMA

algorithm for Interference Cancellation System(:

In this paper, The mobile communication service ICS) as a larger service area of mobile

is  widely used and the repeaters is rapidly  .onnunication service[1-2]. This algorithm has to

increasing because of the extending service areas. adjust the step size for fast convergence rate and

But a wireless repeater has a problem that the low Mean Square FError. The step size The
output of the transmit antenna is fed back to the
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sign—-CMA algorithm has to minimize the mean
error, it is a non-convex cost function of the
weight vector. Therefore, is proposed which can
repeater by canceling interference noises in mobile
communication systems for Wideband Code Division
Multiple Access[3-5].

These works have proposed and investigated
several modified CMA algorithms successfully while
imposing various constraints to avoid unstability
and local minima problems but little effort has been
contributed to the problems of phase rotation or
spinning and the ways to switch between the mode
and decision-directed operations.

In this paper a minimum-disturbance technique
is proposed, which not only leads to simultaneous
algorithm and phase but takes the
advantage of the principle of minimum disturbance

recovery,

to achieve better stability and improved robustness
with respect to various noise characteristics and
time-varying channels. Also, higher convergence
speed and lower steady-state error can be obtained
by means of very simple algorithm without
increasing the computation complexity[6-11].

We have the conventional CMA algorithm and
proposed sign—CMA algorithm in chapter 2, 3. In
chapter 4, we show the results of the simulation that
compares the proposed algorithm with other algorithms
from the viewpoint of the Mean Square Error(: MSE)
and iteration number, the Bit Error Rate(: BER).

Finally, our conclusions are given in chapter 5.

II. Conventional CMA

The CMA adjusts the equalizer weights by
minimizing the non-convex cost function.

J(n) = El(I(y(n)P — R)?] (1)

Where E[ ] is the expectation operator, e (n)
is the output error given by Eq.(2).
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e(n) =yn)(lyn)P—R @)
Where filter output y(n)
wln+1)=wn)—pu e« e(n)z(n) 3)

A cost function is needed by the algorithm for
the recovery of the phase, because of constant
function to the phase of filter output y(n)

Where w(n) is the weight vector, w is the step
size, z(n) is the input signal.

We show the ICS(Interference
Cancellation System) using the adaptive control

structure  of

system in the Fig. 1.
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Fig. 1 The structure of ICS(Interference Cancellation
System) using the adaptive control system.

Ill. Proposed Sign Constant Modulus
algorithm

w(n)= [w(1)7w(2),...w(n)]T is the adaptive
weight vector.

an FIR adaptive filter with N taps
channel impulse response. We use the Widrow-Hoff
algorithm to minimize Fle(n)]. The gradient

vector is defined as follows.

Here,

v,(e(n))=-e(n)z(n) 4
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We propose a Signed Constant Modulus
Algorithm.

In the proposed performance criteria, it is
necessary to include the transmitted signal with
constant modulus /. The sign-CMA has the cost
function shown in Eq.(5). The least squares value
of the cost function is used to update the weight
vector, and is given by Eq.(6).

Where J(n) is the cost function, w(n) is the
weight vector, p is the step size, e(n) is the

error signal, and x(n) is the input signal.

J(n) = El(e)] (5)
= Flly(n)?- R]

pand ¢ are positive
limited to 1 and 2. Then the
corresponding algorithm has yielded useful adaptive
CMA,

P—q
algorithm. To minimize the cost function over the

For practical reasons,
integers and

form and they are referred to as

space of weight vectors, a  stochastic
approximation to the steepest descent algorithm is

used Weight vectors are updated as Eq.(6).
w(nJrl):w(n)—quq(n) (6)

Where g is a small real scalar named step size
and V.J,(n) is an unbiased estimate of the
gradient of the cost function with respect to w.

Using a stochastic gradient algorithm to define the
update to the rule, the coefficient vector is adapted by

w(n+1) =wn)—pJ(n) 7
=w(n)—pu(sgn)e(n)z(n)
and
sgn(z)=(1, ifz>0
. ®)
0, ifz=0
-1, ifz<0

What this means is that given the new input data
(at time n) represented by the input vector z(n), the
proposed technique in the mode updates the tap-weight
vector in such a way that the value w(n+1)
computed at time n+1 exhibits a minimum change with
respect to the known value w(n) at time n.

Usually,
step—size parameter which can be used in the CMA

due to stability considerations, the
algorithms are much smaller than the corresponding
values used in the LMS algorithms.

Since the step-size parameter determines the
convergence speed, this leads to the fact that CMA
in general exhibit very slow convergence speed.

From another viewpoint, for the same steady-state
the chosen values of the
CMA are usually
considerably smaller than the permissible values for
the LMS algorithms.

This is one of the few major reasons for the slow

mean squared error,

step-size  parameters  for

convergence of CMA algorithms. To speed up the
convergence process it has been proposed that the
CMA algorithm can be switched to a decision
directed algorithm scheme once the error level is
reasonably low to form a 'dual-mode’ operation.
The step size is given optimum conditions for fast
convergence and low MSE of the adaptive algorithm.

IV. Simulation Results

We show the simulation conditions in table 1.

Table 1. Simulation conditions

Multiple access WCDMA, LTE
System bandwidth 10 MHz
Sampling frequency 10 MHz
Fast fading Jake's 1 path fading
Feedback signal 5 dB
System time delay 8 uS o]3t
Signal to noise ratio 10~15 dB
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Fig. 2 Input signal of adaptive filter in the repeater.

Figure 2 show that the input signal with noise
of the adaptive filter in the repeater.

Figure 3 show that the output signal with cancel
to the noise of the adaptive filter.
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Fig. 3 Output signal of adaptive filter in the repeater.

Figure 4 show that the MSE of the proposed
algorithm with a step size value of 0.0015 have
about 3500 less iterations than LMS and NLMS
and gives 15 dB better MSE than CMA.

Figure 5 show that the MSE of the proposed
algorithm with a step size value of 0.0035 have
about 1000 ~ 1200 less iterations than LMS and
NLMS and gives 2.5 dB better MSE than CMA.
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Fig. 4 Comparison of the MSE for various
adaptive algorithms(p = 15X 10" 4).

P ——cna

: LUS
TV ——nws

i\ | ——Propose

MSE (Mean S quam E morfdB)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time Indexif aralion numben)

Fig. 5 Comparison of the MSE for various adaptive
algorithms(p = 35 < 10~ %).

Figure 6 show that the MSE of the adaptive
algorithm is about 5 dB better than that of the
conventional CMA algorithm, and requires about
500 7 1000 iterations less than the LMS and NLMS
algorithms.
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Fig. 6 Comparison of the MSE for various adaptive
algorithms(p = 65 <10~ 4,

In the result, the proposed algorithm with a step

size value of 0.0065(x=65>x10""*) has better
about 500 less iterations than proposed algorithm

with a step size value of 0.0015 (p = 15 X 107,

V. Conclusion

In this paper, sign-CMA
algorithm improved performances by adjusting step

we proposed a

size values for mobile communication systems. The
simulation results show that when a value of
0.0065(p = 65 10~ 1)
proposed algorithm has the best

were chosen for the step
size, the
performance when the number of iterations has to
1200 from 500, as compared to the LMS and
NLMS algorithms. At the convergence of 1000
state, the MSE(Mean Square Error)
performance of the proposed Signed CMA algorithm
with step size of 0.0065 is about 5 dB better than
the conventional CMA algorithm.
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