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Abstract—This paper proposes an antenna selective
constant modulus algorithm (AS-CMA) to stabilize CMA’s
prominent interference suppression performance. CMA
is well known blind adaptive array scheme, but it can-
not suppress the interference when signal-to-interference
power ratio (SIR) is smaller than O dB. It faces strong lim-
its on their applicable region over Rayleigh fading chan-
nels where instantaneous channel gain fluctuates over 10
dB range. Even if the expected desired signal strength is
larger than interference, CMA may still miscapture the in-
terference and incorrectly suppress the desired signal. Our
proposal is simplified approach to select the antenna ele-
ment whose reception power is maximal. Certain antenna
element can be expected to capture the desired signal pre-
cisely under the condition where SIR is statistically posi-
tive, so that the CMA processor can utilize it as an initial
input. This condition will be ensured by increasing an-
tenna element number, supported by the trends that base
station antenna elements are going massive. Computer sim-
ulations verifies improved interference suppression perfor-
mance provided by the proposed scheme.

1. Introduction

Array antenna signal processing is now widely imple-
mented to commercial wireless communication systems
such as LTE (-Advanced) and Wi-Fi. Most of these tech-
nologies requires a priori information such as channel state
information (CSI) since interference channel is determin-
istic by system design. However, estimating CSI is based
on known training signals which degrades resource utiliza-
tion. Blind algorithms are quite effective in suppressing
interference without any CSI estimation. Constant modu-
lus algorithm (CMA) [1] [2] is well known and does not
require any priori information such as a reference signal
or direction of arrival. Lots of variables and their conver-
gence characteristics have been widely investigated. Crit-
ical issues remain with CMA; it cannot suppress the in-
terference when signal-to-interference power ratio (SIR) is
smaller than 0 dB. It faces strong limits on their applicable
region when the desired signal and the interference signal
have around the same power. With Rayleigh fading channel
environment, instantaneous channel gain fluctuates in over
10 dB range. Even if the expected desired signal strength is
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Figure 1: Concept of the proposed scheme.

larger than interference signal, CMA may still miscapture
the interference and incorrectly suppress the desired signal.

Beam-space CMA (BSCMA) [3] is expected to com-
pensate this drawback by giving initial weight which en-
sures to capture the desired signal. BSCMA can be inter-
preted as two-stage adaptive beamforming and interference
suppression; fixed beam, eigenbeam [3] or maximal ratio
combining (MRC) [4], etc. are available for the 1st stage
beamforming and successive interference suppression is
performed by CMA. Meanwhile, BSCMA involves twice
adaptive array signal processing and it leads heavy compu-
tation complexity.

This paper proposes simplified approach to select the an-
tenna element whose reception power is maximal. As il-
lustrated in Fig. 1, certain antenna element can be expected
to capture the desired signal precisely under the condition
where SIR is statistically positive, so that the CMA proces-
sor can utilize it as an initial array input. This condition will
be ensured by increasing the number of antenna elements.
The trends in large-scale antennas being employed opens
up its significance [5]. The rest of the paper is organized
as follows. Sect. 2 and Sect. 3 describe the system model
and brief summary of CMA, respectively. Sect. 4 presents
the proposed scheme: antenna selective CMA (AS-CMA).
Sect. 5 shows computer simulation results and Sect. 6 then
concludes this paper.

2. System Model

In this paper, lowercase letters represent scalar quanti-
ties, bold letters indicate vectors or matrices, respectively.
I, ()T, ()Y, and E[.] represent absolute value, transpose,
conjugate transpose, and ensemble mean (expectation), re-
spectively. Array antenna with Nr elements receives Nt
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signals, one of which is a desired signal and the others are

interference. Channel matrix, H € CN™V_ is represented
as;
h]] /’l]2 tht
hai
H-= hij , (D
hnr N

where h;; denotes the channel coeflicient from the j-th
transmitting antenna to the i-th receiving antenna element.
It is given by an independent identically distributed (i.i.d)
Rayleigh fading channel modeled as zero-mean complex
Gaussian random variables with unit variance. In order to
simulate the more practical channel environment, the i.i.d
channel is converted into spatially correlated channel by
introducing Kronecker model. Correlation matrix is given
by R € C¥™N" and its component, r;;, is defined based on
simple exponential correlation matrix (ECM) model [6],

rij=p". @)

Let sj and x; denote the k-th (I < k < Ns) symbol of
the j-th (1 < j < Nt) transmission signal and the i-th
(1 € i < Nr) reception signal, the composed signal vec-
tors, S € CV™Ns and X € CV™N$, and their relationship can
be expressed as,

X = R!'?HS + N. 3)

N ¢ CN™Ns jndicates an additive white Gaussian noise
(AWGN) vector. Transmitters are assumed to have a sin-
gle antenna and be spatially decorrelated, hence, correla-
tion matrix is applied to only receiver side.

3. Constant Modulus Algorithm (CMA)

Wema(m) € CV™! defined as the CMA weight vector
at the m-th (m = 0, 1,2,...) iteration order. CMA adapts
the array output signal, yg, to yield a constant envelope by
minimizing the following cost function;

O(Wema(m) = E [|yil? — o?|]
= E[||WeyamX|” - o7|"]. )

o is a constant envelope value and generally takes the value
of one. p and q are positive integers, and take a value of one
or two, respectively. A number of algorithms were investi-
gated to minimize (4). We employ least square CMA (LS-
CMA) [2] which is known to exhibit superior convergence
performance. When p = 1 and ¢ = 2, LS-CMA weight,
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Figure 2: Configuration of the proposed scheme.

Wema(m), is updated in the following manner;

Weaalm + 1) = Wena(m) - [XX7] ' X (v - )"

= [xx] "' xa”, (5)

d=[di - di - dy, |, where d= Ly, (6
[l

y= WgMA(m)X, (7

Wana@=[1 0 - 0. ®)

With the CMA, the desired signal must be captured at the
initial array output. It indicates that the SIR of the initial
array output must be larger than 0 dB.

Interference suppression performance of CMA strongly
depends on initial weight in (8). One solution is to deter-
mine the initial weight by MRC [4];

1
Wwrce = meH, &)

y = WiipcX. (10)
MRC emphasizes the desired signal strength but it does
not perform interference suppression. Setting Wepma(0) =
Whre, iteration process in (5)—(7) can precisely suppress
the residual interference signal. This paper define above
scheme as MRC-CMA. It can be classified into one variants
of BSCMA. Although this approach is effective to fully
exploit CMA’s ability, such two-stage adaptive signal pro-
cessing enlarges the computation complexity.

4. Proposal: Antenna Selective CMA (AS-CMA)

Receiver configuration of the proposed scheme is de-
picted in Fig. 2. The major idea is to simply select the
antenna element whose reception power is maximal.

c=arg maxE [Ixiklz] . (11D
l T
WCMA(0)=[(51 00 Oj o Ony ]
where
|1 (=0
5"‘{0 (i #c) a2)
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Figure 3: Example of reception power for each antenna
element over Rayleigh fading channel (SIR = 6 dB).

It should be noted array input signal X includes desired and
interference signals. Instantaneous SIR of each antenna el-
ements fluctuates due to Rayleigh fading. AS-CMA ex-
ploits the expectation that largest receiving signal power is
due to the desired signal if statistical SIR is positive.

Fig. 3 shows an example of two respective reception
power for each antenna up to 10 elements. Channel co-
efficient is given by i.i.d Rayleigh fading and SIR is set to
6 dB. At the 7th antenna element shows the largest power
in total and the desired signal is dominant, whereas some
of other elements are dominated by interference signal.
Fixedly providing an initial weight as in (8) fails to capture
the desired signal and results in incorrect weight deriva-
tion. In this case, selecting the 7th antenna element, i.e.
07 = 1in (12), derives the optimal weight to extract the de-
sired signal. Our proposal exploits this principle obtained
in Rayleigh fading channel environment.

5. Computer Simulation

5.1. Simulation Parameters

Simulation parameters are listed in Table 1. Two in-
coming signals are assumed; one is the desired signal and
the other is interference. Average SIR is set to 6 dB. Sig-
nal to noise and interference power ratio (SINR) of array
output is used as evaluation metric. Since CMA is con-
firmed to work even in the multiple modulus signals, we
examine behavior of the proposed scheme with 16QAM
in addition to QPSK. Focusing on the performance of the
proposed scheme, CMA parameters and symbol number
are chosen to exhibit good convergence. Spatial correla-
tion coefficient, p, is set to 0.573 in reference to the mea-
surement result at 2.0 GHz with half wavelength antenna
spacing [7]. Here compares three schemes; Conventional
LS-CMA, MRC-CMA, and the proposed AS-CMA. We
conducted 150,000 simulation trials with different channel
origination.

Table 1: Simulation parameters

Parameter Value
Modulation QPSK 16 QAM
Number of symbol 100 300
CMA iteration 20 100
Number of interference 1
SNR 20 dB
SIR 6 dB
Channel model i.i.d Rayleigh flat fading
Spatial correlation ECM model [6],
p =0.573[7]
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Figure 4: CDFs of SINR (QPSK).

5.2. Simulation Results

Cumulative distribution functions (CDFs) of SINR for
QPSK case is plotted in Fig. 4 to observe an overall char-
acteristics. Figure also plots SINR distribution of the case
without interference suppression as a reference. Its me-
dian value corresponds to output SINR around 3 dB. For
each scheme, here plots the cases with Nr = 2, 4, 8, and
16. Conventional LS-CMA largely improve output SINR
when SIR > 0 dB whereas in the region SIR < 0 dB it sup-
presses the desired signal and the output is greatly dete-
riorated. The proposed AS-CMA can improve SINR per-
formance compared to the conventional scheme. Selecting
antenna can simply increases probability to capture the de-
sired signal. The floor level is gradually reduced accord-
ing to the increase of reception antenna elements, Nr. Al-
though MRC-CMA achieves the best SINR performance,
AS-CMA shows the approaching trend to that with simpli-
fied manner omitting calculation of (9) and (10).

Figs. 5 and 6 show SINR of CDF = 50% and CDF =
5% values with number of receiving antenna, respectively.
Worst case CDF = 5% value exhibits the result with incor-
rect capture of interference and is independent to Nr. It can
be improved at Nr > 7 by the proposed AS-CMA whereas
Nr > 5 by the MRC-CMA. In the region, array gain of the
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Figure 5: SINR versus number of Rx antenna (QPSK).
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Figure 6: SINR versus number of Rx antenna (16QAM).

QPSK case is also precisely obtained by the factor of Nr.
Improvement saturates and turns into diminution due to the
noise enhancement caused by size growth of autocorrela-
tion matrix, XX”. 16QAM case shows almost the same
tendency. The proposed scheme does also work for multi
modulus case although achievable SINR value is thought
to be insufficient for 16QAM signal transmission. It re-
quires increased symbol number and iteration to converge
the CMA process for multi modulus signal. For more prac-
tical use, some modification would be required. Effective-
ness of the proposed scheme should be further investigated
incorporating with modified CMA (MCMA) [8].

6. Conclusion

This paper proposed simple antenna selective CMA to
stably obtain the strong interference suppression ability of
CMA over Rayleigh fading channels. Selecting one receiv-

ing antenna which has the largest power as initial array in-
put increases the probability to capture the desired signal.
Computer simulation confirmed its effectiveness that can
improve worst-case SINR performance as increase of re-
ception antenna element. Our proposal is a good match for
the trend towards the large scale antenna systems.
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