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Enhancement of Performance of Cognitive Radio Network
with Incorporation of MRC Scheme at Secondary Receiver
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Abstract— The faithful detection of presence of a primary
user (PU) isthe most essential requirement of a cognitive radio
network. Otherwise the PU will experience jamming from a
secondary user (SU) which will eventually lead to reduction in
throughput of the PU. Similarly, the false detection of a PU will
abstain a SU from its transmission opportunity hence reduce
the throughput of the SU. Under this situation we propose a
cognitivereceiver equipped with multiple antenna and maximal
ratio combining scheme (MRC) to detect the presence of a PU.
Therest of the communication linkslike PU to PU or SU to PU
uses single antenna. In thispaper the concept of test statistics of
fusion center from a previous literature is applied in the
derivation of the probability of false alarm, probability of
detection, channel capacity and symbol error rate of the
network. The performance of a cognitive radio network under
MRC scheme at receiving mode of SU is found better than the
case of a single antenna.

Index Terms—MRC diversity, probability of detection,
probability of falsealarm, primary user, secondary user.

I. INTRODUCTION

The ubiquitous and diversified use of wireless technology
has made the electromagnetic spectrum an invaluable
resource for wireless communication and there exists no
alternative to its proper utilization and management.
However, recent studies show that licensed spectrum remains
grossly inactive or is rarely utilized continuously across time
and space thereby resulting in spectrum wastage. This
problem of inefficient use of spectrum has been addressed by
the FCC through the introduction of cognitive radio (CR). To
utilize licensed spectrum effectively, CR user must perform
spectrum sensing to extract inactive licensed band [1].
Spectrum sensing plays a critical role in CR network and is
challenged by uncertainties like channel randomness,
channel fading or shadowing, aggregate interference, noise
uncertainties etc.
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In [1], fundamental issues specific to CR have been
investigated while primary focus of [2] was on signal
processing in context of spectrum sensing implementation in
CR networks. A survey of various spectrum sensing
techniques and the associated challenges has been studied in
[3] and [4]. In [5] a statistical model for interference
aggregation has been developed while the probabilities of
detection and false alarm over fading channel have been
addressed in [6]. Beacon transmitter placement effects on
aggregate interference and capacity outage performance were
examined in [7] and [8]. In [9], the concept of fusion centre
and global test statistics has been used to derive probabilities
of false alarm on detection and then these have been deployed
to investigate the spectrum sensing and throughput trade off
in CR under outage constraints. Collaborative sensing to
handle problems of deep shadowing and fading effects for
opportunistic access were investigated in [10].

Application of the maximum ratio combining (MRC)
diversity i.e. equipping the receiver with multiple antennas is
known to improve system performance significantly. It has
been shown that capacity performance can be improved
considerably through MRC diversity by mitigating severe
fading [11] and channel estimation error [12] in interference
channel. However, a major short coming in [11] and [12] is
that the effect of transmit power constraint has not been taken
into consideration.

In this paper we have made an effort to deploy MRC
diversity for sensing spectrum by a secondary user (SU) and
accordingly make decision on the presence or absence of the
primary user (PU). The derived cumulative distribution
function (cdf) of the received signal-to-noise ratio (SNR) has
been utilized to evaluate the spectrum sensing system
performance with MRC diversity scheme in Nakagami
channel and the probability of false alarm and the detection
probability are then derived. Probability of outage is
calculated taking into consideration the interference power
constraint and the transmit power constraints on the transmit
power of the cognitive user.

The paper is organized as follows: section II outlines the
system model and spectrum sensing scheme. Results and
analysis are presented in section III. Finally, section IV
concludes the paper.

II. SYSTEM MODEL

Let us consider a system comprised of a primary
transmitter- receiver pair and a secondary/cognitive
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transmitter-receiver pair. The cognitive users use K number
of antennas only during receiving operation and utilizes
MRC scheme for decision making. All the other conditions
(PU to PU and SU transmitter to PU) at both ends single
antenna is used. The goal of the spectrum sensing scheme at
any antenna of the cognitive user is to test two hypotheses
where hypothesis #(, and #| denote respectively the

absence and presence of the PU and is defined as follow:
In the case of absence of the PU,

Ho: Xnl=w[n], n=0,1,---,N-1; (la)
while in the case of presence of the PU,
Hy X[n]=hkej¢s[n]+w[n], n=0,L---,N-1; (1b)

where W[n] is the circularly symmetric noise signal at the
wireless channel and considered to be a complex Gaussian

random variable, with zero-mean and variance o? ; 9n]is
the n™ sample of the PU signal and hy is the channel gain

experienced by the ™ antenna of the SU during the receiving
mode; N is the total number of samples.

Energy detection spectrum sensing technique with MRC
diversity has been used because of its relatively low
computational complexity and the fact that prior knowledge
of the PU signal is not required.

If each antenna of the SU uses N samples for sensing,
then the average energy detected by the i™ antenna is
1 N1 2
E =— x[n]”, 2
b n§0| [n] 2
where x[n] is the cognitive user’s received samples used for
sensing and let this be denoted by

X[n] = [x[0], x{1],-, x[N =1]]". A3)

Therefore, the final average energy of a receiver of the SU is:

E . _E' 5 4
av K lg(:) 1 ( )
where E,, is a random variable which follows normal
2

Hq =0y
0';‘, /(KN) in the case of absence of PU. Here 0',% is

the variance of noise voltage of zero average. It can be easily
shown that the probability of false alarm is

distribution ~ with and  variance

2

l’l:

mean

o

Pry = Q{[G—Tz—l

where 7 is the threshold of detection. If it is found that
E,, > 7, then the SU decides that hypothesis % is true and
the channel is being used by the PU. Consequently, if the
opposite is true that is if E,, <7, then the SU decides that

}/ﬁ } , (5)

n

the frequency band of interest is not in use by the PU, and
therefore, the SU can take this opportunity to transmit data.
In the case of presence of the PU:
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_ 2
Up=0,+S,,

Q)

where S, is the primary signal power received by the SU

which can be shown to be S, =(c2/K)Yhi . After
h

substituting this value of S, , the expression for

v oo
becomes
2 05 <2
Hp =0y +—=2 b , ™
K %
where 0'S2 is the variance of the PU’s signal S[n] and 7y is

the channel gain of the " received antenna. The expression
for the variance in the case of presence of the PU is

2 1 2
GPZE(S,.'FO',,)Z
S2 +ot +28,02
KN
4 2 2 4 2 8)
_0Oy 20,05 h,f+ oy Zh]%
KN K2N KN\
4 2 2
~ Oy +20-no-s zh2.
KN kv 5 F

Under this condition, the probability of detection is shown to
be

(€))

where ¥ =(O'S2 /Gf)Zh/f is a random variable which
k

represents the instantaneous SNR.

Probability of detecting or sensing signal on the carrier
frequency f;, where a PU is truly present, is called the
probability of detection, Pp, as given by Eq. (9). If the SU

detects the presence of a PU on its test statistics at the carrier
frequency f. of a PU but actually there is no PU in the
transmission mode - this is known as the probability of false
alarm or misdetection.

In MRC, the instantaneous SNR is given by the following
expression

K K
YMrC =2 Yi =P—> hi,

: (10)
= No 5

where P is the transmit power constraint and N is the noise

power spectral density.
For the case of the Nakagami (m, Q) fading channel, the
pdf of the instantaneous SNR y,,pc is expressed as [9]

mij me—l
Q) T(km)

mx

Frme @ =( e Qux), (11
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where x is a random variable which represents the SNR of the
received signal and u(x) is the unit step function. The cdf of
Vurc 1s given by the following expression

R
=Pr <—0
{7MRC No }

of the SU [13]. Here R

is the power constraint of interference. By using the
expression for yyrc from Eq. (10), Eq. (12) becomes

F7MR C

(12)

which is the outage probability, P,

out »

Pr{PN—ZhZ <i}

0 i=1 Ny
RNy
PNy
After simplification, the above expression for P, becomes

K INR
P =PriSh? <"\
out {IE 1 SNR}

where /NR represents the interference-to-noise ratio.
Equation (14) can be further simplified, and finally becomes

P,

out

=Fyyre

(13)
—Pr{th

(14)

r( Km, m (INR g/z SNR)]

F(Km)

Py, =1~ , (15)

where Q is the mean value of random variable hl-2 .

The normalized channel capacity of the wireless link can
be written as

Tl F;MRC(Z)
1+z

I Km, mi dz,
(Km)(1+z) Q

(16)

e
[t

where Fyype(2) is the cdf of the Nakagami (m, ) fading

channel. The variable z in (16) is the instantaneous SNR of
the received signal. According to Eq. (14) z may be replaced
by INR/SNR as well.

After obtaining the expression for F. yure = Pout

(15), the probability of symbol error rate (SER) in the
generalized form can be calculated by the following standard

formula [13]:

where the parameters ¢ and b depend on the particular
modulation schemes used. It is to be noted here that Eq. (17)
will have to be evaluated numerically to calculate the SER for
the model presented in this paper.

from Eq.

P, = E[aQ( 2b7MRC
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III. RESULTS

Fig. 1 shows the variation of the outage probability against
the SNR taking the number of received antennas as a
parameter. The parameters considered for the profile of the
outage probability are: m=2, Q=0.3, INR=1.5 and N=50. The
outage probability decreases with the increase in both the
SNR and the number of receiving antennas, K. The
separation between any two curves is found to be wider at
higher SNR. The variation of channel capacity/Hz against
SNR is shown in Fig. 2. It is seen that the channel capacity
increases with both the increase in SNR and K. Again the
separation between any two curves is found to be little wider
at higher SNR i.e. the impact of number of antennas is more
prominent at higher SNR. The profile of symbol error rate
(SER) is shown in Fig. 3 against the same parameters. Here
SER is determined for QPSK scheme (¢=2, b=0.5); changing
the parameters a and b of Eq. (16), the SER for other
modulation schemes like 8-PSK and 16-QAM can also be
determined; which are suitable for wireless link with proper
throughput and SER. It is visualized from Figs. 1-3 that the
performance of the network increases nonlinearly with the
increment of the number of antennas at the receiving end.

Pout

110~
0

SNR(dB)
Fig. 1. Variation of outage probability against SNR for different number of
receiving antenna cases.
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Fig. 2. Profile of channel capacity against SNR taking & as a parameter.
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Fig. 3. Variation of SER of QPSK against SNR.
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Fig. 4. Variation of probability of false alarm against the number of antenna
used in MRC scheme for different thresholds.
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Fig. 5. Variation of probability of detection against SNR for different
thresholds.

The profile of the probability of false alarm against the
number of received antennas is shown in Fig. 4 for three
different values of threshold of detection t. It is observed
from Fig. 4 that the probability of false alarm decreases
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rapidly with the increase in both K and t. Figure 5 Shows the
variation of the probability of detection, P against SNR for

three different values of t. It is easily visualized from Fig. 5
that Pp attains the value 1 for lower values of t which

apparently enhances the performance of the network.
However, by lowering the value of 1 the probability of false
alarm increases as is visualized from Fig. 4. Therefore, a
tradeoff is necessary between Fig. 4 and Fig. 5.

IV. CONCLUSION

This paper proposes a new design scheme in which MRC
diversity is deployed in the SU receiver to facilitate efficient
spectrum sensing and consequently lead to enhanced system
performance. It is observed that there is significant reduction
in the outage capacity and enhancement in the channel
capacity with increasing in the number of antennas in the SU
receiver. There is a nonlinear rise in system performance that
can be attributed to the deployment of the MRC diversity.
Moreover, it is observed that the value of the threshold of
detection T needs to be adjusted to optimize the probabilities
of detection and false alarm for maximum possible system
performance enhancement. Still there is a scope of using
matched filter, adaptive equalizer, zero-forcing equalizer and
other combining schemes to combat the sensing of false
alarm and the detection of PU precisely.

REFERENCES
[1]

S.  Haykin, “Cognitive radio: brain-empowered  wireless
communications,” IEEE Journal on Selected Areas in Communications,
vol. 23, pp. 201-220, Feb. 2005.

D. Cabric, S. Mishra, and R. W. Brodersen, “Implementation issues in
spectrum sensing for cognitive radios,” in Proc. 38" Asilomar
Conf Signals, Systems and Computers, Pacific Grove, CA, 2004, pp.
T772-776.

A. Ghasemi and E. S. Sousa, “Spectrum Sensing in Cognitive Radio
Networks: The Cooperation-Processing Trade-Off,” Wiley Wireless
Commun and Mobile Comp. Special Issue on Cognitive Radio,
Software-Defined Radio, and Adaptive Wireless Systems, vol. 7, no. 9,
pp. 1049-60, Nov. 2007

J. Ma, G. Y. Li, and B. H. Juang, “Signal Processing in Cognitive
Radio,” in Priceeding of the IEEE, May 2009, vol. 97, no. 5, pp.
805-823.

A. Ghasemi and E. Sousa, “Interference aggregation in
spectrum-sensing cognitive wireless networks,” IEEE J. Select Topics
Signal Process, vol. 2, no. 1, pp. 41-55, 2008.

F. F. Digham, M.S. Alouini, and M. Simon, “On the energy detection of
unknown signals over fading channels,” IEEE Trans Commun, vol. 55,
no. 1, pp. 3575-3579, Jan. 2007.

M. Derakhshani and T. Le-Ngoc, “Aggregate Interference and
capacity-Outage Analysis in a Cogitive Radio Network,” IEEE Trans.
Veh. Technol, vol. 61, no. 1, pp. 196-207, January 2012.

M. Derakhshani and T. Le-Ngoc, “Beacon transmitter placement on
aggregate interference and capacity-outage in a cognitive radio
network,” in 72" IEEE Vehicular Technology Conference, Ottawa,
Canada, Sep. 2010, pp. 1-5.

M. Cardenus-Jaurez and M. Ghogho, “Spectrum Sensing and
Throughput Trade-off in Cognitive radio under Outage constraint over
Nakagami Fading,” |EEE Commun. Lett, vol. 15, no. 10, pp.
1110-1113, October 2011.

A. Ghasemi and E. S. Sousa, “Collaborative Spectrum Sensing for
Opportunistic Access in Fading Environments,” in Proc. IEEE 1st
Symp. Dynamic Spectrum Access Networks, Baltimore, MD, Nov. 2005,
pp. 131-36.

R. Duan , M. Elmusrati , R. Jantti, and R. Virrankoski, “Capacity for
spectrum sharing cognitive radios with MRC diversity at the secondary

[2

31

(41

[5]

(6]

[71

(8]

[9]

[10]

[11]



IACSIT International Journal of Engineering and Technology, Vol. 4, No. 4, August 2012

receiver under asymmetric fading,” in Proc. IEEE 2010 GLOBCOM
Conf., 2010, pp. 1-5.

[12] F. J. L&ez-Martmez, E.Martos-Naya, J. F. Paris, and J. T.

Entrambasaguas, “BER analysis of direct conversion OFDM systems
with MRC under channel estimation errors,” IEEE Commun. Lett., vol.
14, no. 5, pp. 423-425, May 2010.

[13] D. Li, “Performance Analysis of MRC Diversity for Cognitive Radio
Systems,” IEEE Trans. Veh. Technol., vol. 61, no. 2, pp. 849 — 853, Feb.
2012.

Risala Tasin Khan has completed her B.Sc. Hons.
in Computer Science and Engineering from
Jahangirnagar University, Savar, Dhaka in 2006 and
M.Sc. in Computer Science and Engineering from
the same University. She worked as a lecturer in the
department of Computer Science and Engineering,
Daffodil International University, Dhaka. She is
now working as a lecturer at Institute of Information

— Technology, Jahangirnagar University, Savar,
Dhaka, Bangladesh. Her research field is network traffic and network
security.

Tanzilah Noor Shabnam completed her B.S. Hons.
in Computer Engineering from North South
University, Dhaka Bangladesh in 2006 and M.S. in
Telecommunication Engineering from East West
University, Dhaka, Bangladesh in 2009. Currently
she is working as a Lecturer in the Department of
Electronics and Telecommunications Engineering at
South East University, Dhaka, Bangladesh. Her
field of research is wireless communications and
networks. In particular she is interested in the analytical works in cognitive
radio systems.

Md. Imdadul Islam has completed his B.Sc. and
M.Sc Engineering in Electrical and Electronic
Engineering from Bangladesh University of
Engineering and Technology, Dhaka, Bangladesh in
1993 and 1998 respectively and has completed his
Ph.D degree from the Department of Computer
Science and Engineering, Jahangirnagar University,
Dhaka, Bangladesh in the field of network traffic
engineering in 2010. He is now working as a
Professor at the Department of Computer Science and Engineering,
Jahangirnagar University, Savar, Dhaka, Bangladesh. Previously, he worked
as an Assistant Engineer in Sheba Telecom (Pvt.) LTD (A joint venture
company between Bangladesh and Malaysia, for Mobile cellular and WLL),
from Sept.1994 to July 1996. Dr Islam has a very good field experience in
installation of Radio Base Stations and Switching Centers for WLL. His
research field is network traffic, wireless communications, wavelet transform,
OFDMA, WCDMA, adaptive filter theory, ANFIS and array antenna
systems. He has more than hundred research papers in national and
international journals and conference proceedings.

M. R. Amin received his B.S. and M.S. degrees in
Physics from Jahangirnagar University, Dhaka,
Bangladesh in 1984 and 1986 respectively and his
Ph.D. degree in Plasma Physics from the University
of St. Andrews, U. K. in 1990. He is a Professor of
Electronics and Communications Engineering at East
West University, Dhaka, Bangladesh. He served as a
Post-Doctoral Research Associate in Electrical

il Engineering at the University of Alberta, Canada,
durmg 1991-1993. He was an Alexander von Humboldt Research Fellow at
the Max-Planck Institute for Extraterrestrial Physics at Garching/Munich,
Germany during 1997-1999. Dr. Amin was awarded the Commonwealth
Postdoctoral Fellowship in 1997. Besides these, he has also received several
awards for his research, including the Bangladesh Academy of Science
Young Scientist Award for the year 1996 and the University Grants
Commission Young Scientist Award. His current research fields are wireless
communications and networks and nonlinear plasma dynamics. He is a
member of the IEEE.

499



