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Antenna Selection and Detection Performance
on Correlation Based Detection Systems

F. YAVUZ ILGIN

Abstract— The increase data size transmitted in digital
communication systems necessitates the use of high-capacity
communication channels for the transmission of these data. To
increase the channel capacity, MIMO systems are widely used.
Antenna selection in MIMO systems is very important for
efficient use of communication sources. Cognitive Radio systems
generally aim to increase spectrum efficiency by using MIMO
systems. Therefore, Cognitive Radio must find empty spectrum
regions with spectrum detection methods. Spectrum detection
performance is related to the antenna numbers in MIMO
systems. Therefore, this study examines the effect of antenna
numbers on detection performance in correlation-based detection
method. Thanks to this study, the relationship between channel
capacity, detection performance and antenna number for MIMO
systems was investigated.

Index Terms—Antenna Selection, Cognitive Radio, Correlation
based Spectrum Sensing, MIMO systems, Spectrum Sensing .

. INTRODUCTION

It is known that the amount of data transmitted in wireless
communication systems is gradually increasing[1]. To
transmit large amounts of data (for example DTV, 5G
communication signal), more channel capacity is required[2].
Multiple  Input  Multiple  Output (MIMO)  wireless
communication systems provide a significant improvement in
system efficiency as they have multiple receiver-transceiver
antennas[3]. One of the biggest advantages of MIMO systems
is that their channel capacities are much higher than Single
Input Single Output (SISO) systems[4]. However, MIMO
systems contain amplifiers, analog-to-digital converters,
mixers that are very expensive and complex. Despite these
known disadvantages, MIMO systems are widely preferred
due to their advantages. In MIMO systems, it is important to
use the least antenna (both transmitter and receiver) to meet
the system requirements[5].

In some communication applications, the use of multiple
antennas is a necessity, not just because of the contribution
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that MIMO systems can provide[6]. One of these applications
is Cognitive Radio (CR) applications. The use of multiple
antennas in multi-antenna CR systems is indispensable for
some spectrum sensing models. For example, in eigenvalue
and covariance based detection models, it is necessary to use
multi-antenna in both transmitter and receiver[7]. However,
there is no such requirement in the energy based sensing
model. Basically, spectrum detection applications in CR
systems are divided into classes such as single user-single
antenna, single user-multi antenna or multi-user single
antenna. Which method will be chosen to detect spectrum
should be selected depending on some hardware requirements
(number of users, antenna numbers) and communication
environment. The main aim in spectrum sensing applications
is to realize the most successful detection in the presence of
the highest noise. Nevertheless , this process is not easy due to
noise, fading and other disruptive effects in the wireless
communication environment[8]. For this reason, various
methods are proposed to ensure the most successful detection
with the least user or antenna by using collaboration detection
or some grouping algorithms[9]. The correlation-based
detection method is very advantageous in terms of both
computational cost and detection performance. In addition, the
detection method used in this study detects as blind. That is, it
does not need any prior knowledge for detection(for example:
noise variance, modulation scheme).

Increasing the antenna numbers in spectrum sensing
applications may increase detection performance, but
increasing the antenna numbers is difficult in spectrum
sensing applications. Because the antennas must be far enough
from each other to not correlate with each other. On the other
hand, the increase in the antenna numbers both increases the
channel capacity and positively affects the detection
performance.

Therefore, in this study, channel capacity-sensing
performances are evaluated for correlation-based spectrum
sensing in MIMO-OFDM systems. Thus firstly, theoretical
information is given by channel capacity and correlation based
spectrum sensing method for MIMO systems. Following, the
relationship  between antenna number and sensing
performance in MIMO -OFDM based spectrum sensing
method was investigated.

The organization of the study is as follows. Section 2
describes the antenna selection and channel capacity for
MIMO systems. Cognitive radio and correlation-based
spectrum detection is explained in chapter 3 and necessary

http://dergipark.gov.tr/bajece

48


http://dergipark.gov.tr/bajece
https://orcid.org/0000-0002-7449-4811
https://tureng.com/tr/ingilizce-esanlam/nevertheless

BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING, Vol. 9, No. 1, January 2021

theoretical information is given. The results of the simulation
studies made in section 4 are given. Chapter 5 is reserved for
discussion and conclusion.

Some of the notation we use is as follows: superscript
()Tand I, stands for transpose and the identity matrix of
order L respectively. And E(.) denotes expectation operation.

Il. CHANNEL CAPACITY MIMO SYSTEMS

Suppose there is N.x N, MIMO communication system,
where N, and N, indicate the number of transmit and receive
antennas, respectively. With this communication system, the
maximum throughput achieved by transmitting min(N.x N,)
number of parallel data stream, is given by[10]

S
B = log, det (INT + N HHT) bps/Hz @)
t

where, Iy € C"*Nr and He CN**Nr are the identity matrix
and channel coefficient matrix, respectively. 7 and is the
power spectral density of additive Gaussian noise with
;7~N(0,a,f). In addition S denotes the transmitted signal power.

Antenna selection technique aims to reduce the number of
transmitting antennas without changing the system efficiency
by using the channel information on the receiver. Optimum
throughput is acquired through selection of best set of K
antennas out of C,, combinations. Where M defines the
number of transmit antennas to be used for transmission. Thus,
the relationship between optimum system efficiency and
antenna number is defined by Channel State Information (CSI)
as follows[11].

S
Opt = log, det (INr +—

N H;pt(Hf,pt)T) bpsHz 2)
¢

where, B"”t is the channel capacity for optimally selected

antenna number. The traditional MIMO system is given in Fig
1.
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Fig. 1 MIMO communication system

As it is known, in addition to increasing the channel
capacity, MIMO systems also reduce the negative effects of
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noise thanks to the spatial diversity of the antennas.

I11. COGNITIVE RADIO AND BASIC SPECTRUM SENSING

Suppose there is a Primary Base Station (PBS) with N,
antenna and CR users within this coverage area. The purpose
of CR users is to determine whether the PBS is active /
passive. Thus, if PBS is passive, this communication band is
used opportunistically by CR users. In this detection model, if
the PBS has N, antenna and M CR users, this system can be
defined as a MIMO system[12].

Primary Base Station
(PBS} Ntantenna

4
_.~" Primary Access Point
(PAP)

Fig. 2 Spectrum detection scenario for correlation based sensing

Basically the signal detection problem is to determine
whether there is a embedded communication signal in the
noise. In  detection theory, this decision mechanism is
explained by binary hypothesis testing. In binary hypothesis
test, H, indicates that there is only a noise signal, H, indicates
that it is a noise + communication signals. Mathematical
decision making process is given below[13]

yk)=nk)k=12,..3K (3)

H, :y(k)= h()sk) + nk) k=12,..3K 4

Where y(k) is the form of the signal received from CR users
(M numbers) stored in a matrix. For example, if M is the
number of CR users and the number of samples is K, the size
of the y(k) matrix will be MxK. In addition to this where n (k)
denotes the independent and identically distributed (i.i.d.)
circularly symmetric Gaussian (CSCG) white noise. h(k) and
s(k) represents channel coefficient vector and primary user
signal, respectively. In multi-antenna BR systems, spectrum
detection is given by comparing the test statistic that varies
according to the method with the threshold. The spectrum
detection model for CR systems is given below.
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Ym (k) =Y hp (k) s (k) + (k) m=12,...3,M (5)

Where ¢ =1 under H; and iy = 0 under H,, M represents
the number of CR user. In order to make a spectrum decision,
the threshold and test statistics are compared in  correlation-
based spectrum detection. This phenome can be expressed
mathematically as follows[12].

Hy
TSCOT 2 ]/COT‘
Hy

H, or H, (6)

Where TS, and y.,, define test statistics and threshold for
correlation based detector, respectively.

A. Correlation Based Spectrum Sensing

Let y,,(k) = s,(k)+ nn(k) be the continuous-time
received signal. Assume that we are interested in the
frequency band with central frequency W and bandwidth f,.
We sample the received signal at a sampling rate f;. Thus,
consecutive signal vectors for y,,(k), s, (k) and n,,(k) are
thus defined as follows.

ym(k) = [ym(k) ym(k -1.. ym(k -L+ 1)]T (7
sm(k) = [Sm(k) Smk—1) . sk — L + 1)]T (8)

M (k) = [Mm(K) Nl = 1) . Nk =L+ DI (9)

Where L is defined as the smoothing factor. Specifies how
many samples the spectrum detection process will be done
with. Thus, the statistical covariance matrices of the received
signal ( y(k)) are defined as follows.

Cy, = Eln(k) n" (k)] under H, (10)

Cu, = Ely(6) y" (k)] under H, (1)

Equation 10 can be written as a result of Equation 10 and
Equation 11.

CHO = CHl + O‘-,? IL

(12)

Where I, denotes LxL identity matrix. According to Equation
12, if  yn(k) =0, Cy, = 0. Therefore, all non-diagonal
components of Cy, are equal to 0. If there is a signal samples
and the signal are correlated, Cy, is not a diagonal matrix.
Hence, some of the off-diagonal elements of Cy, should be
nonzeros. Denote 7, as the element of matrix Cy, at the m.th
row and k.th column. Then the following test statistics can be
written.
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1

81 =1 =1 D=t ml (13)

8, =7 Tt |Tmml (14)

At that time, under the H, , 51/62 = 1. But under the H, ,

61/ 5, > 1. Consequently, ratio 51/ 5, can be used to detect the
presence of the signal.

B. Determination threshold for Correlation based Spectrum
Sensing

To obtain the threshold value (under asymptotic conditions)
the following equation can be written.

2
lim E(8) = of +02 + 55 TiTH(L —m)lec| (15)

Where 62 denotes variance of PBS. Under Hy ;

8., _ E(8,
Jo,= " e ()
=1+(L—1)\/% A7)

As L approaches infinity, this ratio approaches 1.
Thus, to obtain the threshold value, it should be continued
with the conditional equation given below.

Pro = P(6,<Y,,, 62) (18)
—p (52 <t 51) (19)
YCOT‘
If 6, is written instead of Equation 19;
~ L _ 2 52
=~ P <52 < T 1+ (L 1)\/;011) (20)
1 2
= p| 2 <YC°T<1+(L o) (21)
2 5 2
\/;‘711 N
Equation 21 rearranged;
1+ m-1) |2 )-1
~1-Q e _ ) (22)
N
Where
o _u?
Q) = = J," e V2du (23)
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For a given Py, the associated threshold should be chosen
such that[12];

1+(1L-1) &
Yeor = &
1 (pra) 2

According to Equation 24 the threshold value depends on the
number of CR users, L and Pr,. Ps, is a value set by the
Federal Communication Committee (FCC). For CR systems,
this value is 0.1.

(24)

IV. SIMULATION STUDIES

In this section, we will give some simulation results for
spectrum sensing performance and channel capacity. The
simulation studies in this study were simulated in MATLAB
environment. During the simulation studies, P, is selected as
0,1. Because this value is the limit value determined by the
International Communication Committee. Additionally, noise
uncertainty factor was not included in simulation studies.
Because the Correlation Based Spectrum detection method is
not affected by noise uncertainty factor[14], [15]. Looking at
the threshold given with Equation 24, it is seen that there is no
noise variance component. The absence of noise power when
calculating the threshold indicates that this method is not
affected by noise uncertainty.

In Fig. 2, only channel capacity is given for MIMO systems
without detection performance. As can be seen, the highest
channel capacity is reached when the antenna numbers is
highest and the noise level is lowest. Although the increase in
the antenna numbers in MIMO systems affects the channel
capacity positively, it may not be easy to use more antennas.
As explained in the previous chapters, the increase in the
antenna numbers increases the spatial diversity, so the MIMO
system is more resistant to noise.

25
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Fig. 3. Antenna versus channel capacity for MIMO syst

The antenna correlation should be at a minimum level in order
to get maximum benefit from the spatial diversity. However,
in many communication applications except CR applications,
this may cause difficulties in practice, since the receiving
antennas are located on the same receiver. In multi-user-single
antenna CR applications, since each antenna is on a different
user, maximum efficiency can be obtained from the spatial
correlation.

One of the result graphics that constitute the main purpose
of this study is given in Fig. 4. Where, the channel capacity for
4x4 and 6x6 MIMO systems is given along with the detection
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detection performance). Where P,; = P( 1/52 > ym) .
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Fig. 4. Channel capacity versus P, for 4X4 and 6X6 MIMO systems

When calculating P;, Monte Carlo analysis was applied.
Thus, according to the detection scenario given in Figure 2,
spectrum detection is performed by creating 500 times random
PBS signal and channel coefficients. The average of 500
detection results is calculated for P,. First of all, it is seen that
the detection performance for the same noise levels in 4x4 and
6x6 MIMO systems is directly proportional to the antenna
numbers. For example, in the presence of 1 dB noise,
detection performances are measured as 0.95 and 1 for 4x4
and 6x6 MIMO. Moreover, at noise levels higher than 0 dB,
the 4x4 MIMO system has not made any accurate sensing at
all. However, in a 6x6 MIMO system, it is seen that under -
2db noise, 0.4 probability correct detection is made.

The antenna numbers and detection performance are given
in Figure 5 for 2x2 and 3x3 MIMO systems. Unlike Figure 4,
the most striking difference is that both channel capacity and
detection performance are significantly reduced. For example,
in the presence of 10 dB noise, the detection probability was 1
for 4x4 and 6x6 MIMO systems. However, in Figure 5, it is
observed that these values decrease to 0,7.
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Fig. 5. Channel capacity versus P, for 3X3 and 2X2 MIMO systems
See Table 1 P, versus SNR for different antenna numbers.
P; and channel capacity are given separately for 5x5 and 8x8
MIMO systems that are not included in the graphs in Table 1
and Table 2.

TABLE |
SNR VERSUS P; FOR DIFFERENT MIMO SYSTEMS
SNR ax4 5x5 6x6 8x8
10dB 1 1 1 1
5dB 0.55 0.7 0.8 0.93
0dB 0.6 0.65 0.8 0.91
-5 Db 0 0 0 0.2
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TABLE I
CHANNEL CAPACITY VERSUS SNR DIFFERENT MIMO SYSTEMS
SNR 4x4 5x5 6x6 8x8
10 dB 14 15 22 28
5dB 11 13 16 18
0dB 11 13 16 18
-5Db 11 13 16 18

As can be seen from the tables, the 8x8 MIMO system is the
most successful antenna combination in both channel capacity
and detection performance.

V. CONCLUSION

In this study, correlation based spectrum sensing and
channel capacity are investigated for MIMO systems. In the
simulation studies, the effects of the antenna numbers on
detection performance and channel capacity in MIMO systems
containing different antenna numbers are examined. Thus,
simulation studies were carried out by applying Monte Carlo
analysis according to the given detection scenario. As a result
of these simulation studies, the increase in the antenna
numbers has positive effects on both detection performance
and channel capacity.
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