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ABSTRACT

In this paper we have analyzed and simulated Frequency
Division Spectrum Sensing (FDSS) in Cognitive Radio
Network (CRN) for Nakagami fading channel. The simulation
results shows that for different values of Nakagami
Parameters (m) the performance of the FDSS is different. As
the value of Nakagami parameter (m) increases probability of
false alarm decreases, probability of detection increases and
secondary user’s throughput also increases. The simulation
results show that for the optimum spectrum sensing
bandwidth (W) 0.5 MHz, the false alarm probability
decreases by 49.6% and 96.6% for m=2 and m=5 respectively
as compare to m=1, the probability of detection increases by
6% and 17.7% for m=2 and m=5 respectively as compare to
m=1, the secondary user throughput increases by 14% and
29.1% for m=2 and m=5 respectively as compare to m=1.
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1. INTRODUCTION

Cognitive Radio Network allows opportunistic access of
licensed spectrum to unlicensed users (Secondary user) in
such a way that it must not cause any interference to the
licensee (Primary user) [1-2]. The different types of spectrum
sensing methods like energy detector, Cyclostationary
detector, matched filter based detector etc. [3-5] are used to
detect absence of the primary signal. In absence of the
primary signal the Secondary User (SU) is allowed to access
the licensed spectrum. As soon as the SU detects the primary
signal it needs to stop its data transmission or switch to other
available frequency spectrum. For spectrum sensing different
types of spectrum sensing frameworks are used like time
division based, frequency based, external spectrum sensing
etc. [6-11]. In time division based spectrum sensing the SU
senses the spectrum periodically and transmits its data when
the primary signal is detected absent. The periodic sensing
interrupts data transmission therefore the SU’s throughput
remains low. To address the periodic interruption in data
transmission using time division based spectrum sensing
framework, a frequency division based continuous spectrum
sensing framework may be used. In Frequency Division
Spectrum Sensing Framework (FDSSF) the SU senses a part
of the spectrum continuously while in remaining part of the
spectrum it transmits its own data in absence of primary signal
[12-16]. The SU’s throughput [17] remains low due to the
partial use of the available spectrum. To ensure full utilization
of the available spectrum by the SU, an external spectrum
sensing framework may be used. In the external spectrum
sensing separate modules are required for spectrum sensing
and data transmission.

The performance of wireless communication systems is
affected by fading. The fading effect is analyzed using some
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fading channel models like Recian, Rayleigh and Nakagami
etc. The Rayleigh fading is most applicable and suitable when
there is no dominant propagation along a line of sight between
transmitter and receiver. If there is a dominant line of sight
signal, Rician fading model is more applicable. The
Nakagami model behaves as Rayleigh fading channel for
Nakagami parameter m =1 and Recian model for their
equivalent mean values. The Nakagami fading model is more
suitable for multipath scattering with relatively large time-
delay spread.

In this paper we have analyzed fading effect on FDSSF for
Nakagami channel [18-20]. The simulation results show that
for different values of Nakagami Parameters (m) the
performance of the FDSSF is different. As the Nakagami
parameter (m) increases probability of false alarm decreases,
probability of detection increases and secondary user’s
throughput also increases. The simulation results show that
for the optimum spectrum sensing bandwidth (W) 0.5 MHz
[7], the false alarm probability decreases by 49.6% and 96.6%
for m=2 and m=5 respectively as compare to m=1, the
probability of detection increases by 6% and 17.7% for m=2
and m=5 respectively as compare to m=1, the secondary user
throughput increases by 14% and 29.1% for m=2 and m=5
respectively as compare to m=1.

2. MATHEMATICAL MODEL OF
SPECTRUM SENSING

In CRN the SUs can access the licensed band using two main
approaches: (i) the SUs are allowed to access a frequency
band only when it is detected idle, and (ii) the SUs coexist
with the PUs under the condition of protecting the latter from
harmful interference. We assume that energy-detection-based
spectrum sensing is used by the CR user and noise is
independent, identically distributed (i.i.d.) and the transmitted
signal is a complex valued Phase shift Keying (PSK) signal.

For mathematical analysis of the energy detector [3], let us
assume that the received signal has the following form

y(n) = s(n) + w(n) @

Where y(n) is the received signal, s(n) is the signal to be
detected, w(n) is the noise sample and n is sample index. The
decision metric for energy detector can be written as

D= 3"yl @

By comparing the decision metric D with a threshold A the
spectrum occupancy decision is made. The decision is made
by distinguishing between following hypothesizes:

Ho : y(n)= w(n) ©)
Hy o y(n) =s(n) + w(n). 4)

Probability of detection (pg) and probability of false alarm (p;)
are used to analyze performance of the spectrum detector. The
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pq is probability of detecting a primary user signal on
considered frequency spectrum when the signal is truly
present. Thus a large detection probability is desired. It can be
formulated as

Pa = Pr(D > A|H:) (5)
Pt = Pr(D > A|Hy) (6)

The ps is the false detection probability which indicates that
the test incorrectly decides that the primary user signal is
present in the considered frequency spectrum. The p; should
be kept as small as possible in order to prevent
underutilization of transmission opportunities. The decision
threshold / can be selected in such a way that gives optimum
values of pg and ps.

Assume that the CR users experience independent Nakagami
fading channel with the same average SNR () then the
power spectral density of the instantanecous SNR (y) is given
by

m,m—-1 _"MY

fam =2 20 Q

Here m is the Nakagami parameter. For m=1, the Nakagami
fading channel behaves like Rayleigh fading channel. The
Nakagami fading channel is more suitable for analysis of both
line of sight and non-line of sight communication.

3. FREQUENCY DIVISION SPECTRUM
SENSING FRAMEWORK

Since periodic spectrum sensing over the entire PU spectrum
interrupts the SU data transmission in time division based
spectrum sensing, which degrades throughput of the SU. The
continuous sensing of the PU’s spectrum improves spectrum
detection probability. Therefore, to alleviate the SU
interruption problem during data transmission and to improve
spectrum detection probability, the PU frequency band is
divided into two subbands, one for opportunistic SU data
transmission, and the other for continuous spectrum sensing
as shown in Fig. 1. Based on the PU band division, the
average SU transmission delay is removed by selecting the
proper bandwidth for spectrum sensing within each frame.
Since different SUs may have different requirements on their
quality of services, so the achievable average SU throughput
is maximized by choosing the optimal sensing bandwidth
within multiple adjacent frames.

Decision Decision Decision

Yy

Sensing Period Sensing Period

~
|
|
Data Data Data |
Transmission | Transmission | Transmission |~ \L

PU’s Frequency Band

0 T 2T 3T

Fig 1: Frequency division framework for data
transmission and spectrum sensing simultaneously

The SU carries on spectrum sensing in sensing subband W;
continuously and transmits its data over transmission subband
W-Ws The probabilities of false alarm and detection for the
system model given in equation (3), (4), (5) and (6) for
AWGN channel are formulated as function of sensing
bandwidth W, and frame duration T, as given below. For
throughput analysis assuming No and N, are noise power
spectral density of AWGN and power spectral density of
evenly distributed PU signal.
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Po(We, A1) Q (e — V2TWE) ®)
PHWs.,2,1)= @ (0 — V2T ©

[oe] re=31 2 . -
Here Q(X) = \/% S expifﬁi—u?)du The quantity y is the
received PU signal-to-noise ratio (SNR) at the CR, f is the

sampling frequency used at CR to detect the PU signal, and N,
noise power at sensing receiver of CR.

The probabilities of detection (Py) and false alarm (Ps) for
target probabilities of false alarm (Pf) and detection (P,) are
given respectively as:

Pa(Wy) = Q ((liy) (@) - y\/ZTw@)) (10)
Pr(Wo) = ((1+1)Q 7 (Pa) — /2T, ) (1)

Where y is the signal to noise ratio (SNR) of the PU signal
observed at the SU receiver and Q is error function given in
previous section.

The average detection probability under the Nakagami fading
channel can be obtained by following equation.

Pynaka W) = [} Pa(We, A,Y) . f, (v, m)dy 12)

Pr vaka W5) = f;” Pr(W;, 4,Y) . £, (y, m)dy (13)

Once a SU decides that the PU is absent, it tries to access the
PU band. Therefore the SU transmits data in two cases:
Correct Detection of Spectrum Opportunity and Incorrect
Detection of Spectrum Opportunity. In the case of correct
detection of the spectrum, only the SU transmits its data. The
achievable SU throughput is

Co W) = (W — W) log,(1+ p1) (14)
Where p; is the Signal to Noise Ratio (SNR) observed by the
SU receiver over its transmission band.

— | 2Ns(W-W5)
1= I (15)

Where, hy is the channel gain for SU.

In the case of incorrect detection of the spectrum, the SU and
PU transmit simultaneously. Thus, the SU receiver is
interfered by the PU signal and the achievable throughput
becomes

€ (W) = (W — W) logz(1 + p2) (16)
Where p; is the Signal to Noise and Interference Ratio (SINR)
observed by the SU receiver over its transmission band.

|hs IZNS(W_WS)

= IPN-W) 17
P2 =, I, PN W —W) (17

Where h,, is the block faded channel gain. The probabilities of
the correct and incorrect detection of the spectrum are
P(Ho)(1-P¢(W)) and P(H{)(1-P4(Ws)) respectively. The
combined achievable throughput under the hypothesis of Hg
and H; can be obtained as

CW) = P(Ho) (1= P (WD) Co(W5) +

P(H)(1 - Py(WY)) C1(Wy) (18)
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4. SIMULATION RESULT AND
DISCUSSION

In this section, computer simulation results of FDSSF
analyzed in previous section are presented. In Table 1 values
of the parameters required in the simulation are given.

Table 1: Simulation variables and values

Variable Value
Frame duration (T) 100 ms
Sampling rate (p) 1 KHz
Detection Probability (Py) 0.9
Band width 5 MHz
P(Hy) 0.3
P(Ho)=1- P(Hy) 0.7

To analyze fading effect on probability of false alarm of the
spectrum sensing frameworks analyzed in the previous
section, we first find out detection threshold for target
probability of detection P; = 0.9 and the detection threshold
is used to determine the false alarm probability. Fig. 2 shows
that probability of false alarm decreases rapidly and attains
the minimum value as the sensing bandwidth (W) increases.
As the value of Nakagami parameter (m) increases the false
alarm probability decreases. The simulation results show that
for the optimal spectrum sensing bandwidth (W;) 0.5 MHz,
the false alarm probability decreases by 49.6% and 96.6% for
m=2 and m=5 respectively as compare to m=1.

To analyze probability of detection of the spectrum sensing
frameworks, first we find out the detection threshold for target
false alarm probability Ff = 0.05 and detection threshold is
used to determine probability of detection. Fig. 3 shows that
probability of detection increases rapidly and attains the
maximum value as the sensing bandwidth (W) increases. As
the value of Nakagami parameter (m) increases the false alarm
probability also increases. The simulation results show that
for the optimum spectrum sensing bandwidth (W) 0.5 MHz,
the probability of detection increases by 6% and 17.7% for
m=2 and m=>5 respectively as compare to m=1.
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Fig 2: False alarm probability Vs. Sensing Bandwidth for
target P; = 0.9
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Fig 3: Detection Probability Vs. Sensing Bandwidth for
target Py = 0.05

As per the analysis of SU’s throughput for the FDSSF given
in previous section, we assume target probability of detection
P; =0.9 and corresponding false alarm probability is
determined. The throughput of the analyzed spectrum sensing
framework is calculated using the assumed and determined
data in previous section. Fig. 4 shows that SU throughput
increases as the sensing bandwidth (W;) increases for constant
PU SNR= -20dB and SU SNR= -4dB. The simulation results
show that for the optimum spectrum sensing bandwidth (W)
0.5 MHz, the secondary user throughput increases by 14%
and 29.1% for m=2 and m=5 respectively as compare to m=1.
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Fig 4: Throughput of SU for average SU’s SNR (y) = -4dB
5. CONCLUSION

In this paper we have analyzed and simulated Frequency
Division Spectrum Sensing (FDSS) in Cognitive Radio
Network (CRN) for Nakagami fading channel. The simulation
results show that as the value of Nakagami parameter (m)
increases probability of false alarm decreases, probability of
detection increases and secondary user’s throughput also
increases.

6. REFERENCES

[1] lan F. Akyildiz, Won-Yeol Lee, Mehmet C. Vuran
“NeXt generation/ dynamic spectrum access/ cognitive
radio wireless networks: A survey”, Computer Networks
50, 2006, pp.2127-2159.

31



[2] J. Mitola, “Cognitive radio: an integrated agent
architecture for software defined radio,” Doctor of
Technology, Royal Inst. Technol. (KTH), Stockholm,
Sweden, 2000.

[3] Tevfik Yucek, Huseyin Arslan “A survey of spectrum
sensing algorithms for cognitive radio Applications”,
IEEE communications survey & tutorials, vol. 11, no. 1,
2009, pp. 116-129.

[4] Erik Axell, greet leus, Erik G. Larsson, H. Vincent Poor,
“Spectrum Sensing for Cognitive Radio”, IEEE signal
Processing Magazine, 2012, pp. 101-116.

[5] Lei Yang, Zhe Chen, Fuliang Yin “Cyclo-energy detector
for spectrum sensing in cognitive radio”, International
Journal of Electronics and Communications (AEU), 66
(2012), pp. 89-92.

[6] Ying-Chang Liang, Yonghong Zeng, Edward C.Y. Peh,
Anh Tuan Hoang, “Sensing-Throughput Tradeoff for
Cognitive Radio Networks”, IEEE Transaction on
wireless communications, Vol. 7, No.4, 2008, pp.1326-
1337.

[7]1 Wenshan Yin, Pinyi Ren, Qinghe Du, Yichen Wang,
“Delay and Throughput Oriented Continuous Spectrum
Sensing Schemes in Cognitive Radio Networks ”, IEEE
Transaction on wireless communications, Vol. 11, No.6,
2012, pp.2148-2159.

[8] Hang Hu, hang Zhang, Hong Hu, Yi Chen, “Spectrum-
Energy_efficient sensing with novel frame structure in
cognitive radio networks”, International Journal of
Electronics and Communications (AEU), 2014, pp. 1065-
1072.

[9] Sami M. Almalfouh, Gordon L. St'uber, < Joint
Spectrum-Sensing Design and Power Control in
Cognitive Radio Networks: A Stochastic Approach”,
IEEE Transaction on wireless communications, Vol. 11,
No.12, 2012,pp.4372-4380.

[10] Won-Yeol Lee, Ian. F. Akyildiz, “Optimal Spectrum
Sensing Framework for Cognitive Radio Networks”,
IEEE Transaction on wireless communications, Vol. 7,
No.10,2008, pp.3845-3857.

[11] Stergios Stotas, Arumugam Nallanathan, (2012). On the
Throughput and Spectrum Sensing Enhancement of
Oppoutunistic  Spectrum  Access Conmitive Radio

[JCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)
Volume 114 — No. 3, March 2015

Network, IEEE Transaction on wireless communications,
Vol. 11, No.1, pp.97-107.

[12] S. Senthuran, A. Anpalagan, O. Das, “Throughput
Analysis of Opportunistic Access Strategies in Hybrid
Underlay—Overlay Cognitive Radio Networks”, IEEE
Transaction on wireless communications, Vol. 11, No.6,
2012,pp.2024-2035.

[13] Husheng Li, Huaiyu Dai, Chengzhi Li “Collaborative
Quickest Spectrum Sensing via Random Broadcast in
Cognitive Radio Systems”, IEEE Transaction on wireless
communications, Vol. 9, No.7, 2010, pp.2338-2348.

[14] Wei Zhang, Ranjan K. Mallik, Khaled Ben Letaief, ”
Optimization of Cooperative Spectrum Sensing with
Energy Detection in Cognitive Radio Networks”, IEEE
Transaction on wireless communications, Vol. 8, No.12,
2009, pp.5761-5766.

[15] Weijia Han, Jiandong Li, zZhi Tian, and Yan Zhang
“Efficient Cooperative Spectrum Sensing with Minimum
Overhead in Cognitive Radio”, IEEE Transaction on
wireless communications, Vol. 9, No.10, 2010, pp.3006-
3011.

[16] Qihui Wu, Guoru Ding, Jinlong Wang,Yu-Dong Yao,
“Spatial-Temporal Opportunity Detection for Spectrum-
Heterogeneous Cognitive Radio Networks: Two-
Dimensional Sensing” IEEE Transaction on wireless
communications, Vol. 12, No.2, 2013, pp.516-526.

[17] F. Gomez-Cuba, R. Asorey-Cacheda, F. J. Gonzélez-
Castafio, H. Huang, “Application of Cooperative
Diversity to Cognitive Radio Leasing: Model and
Analytical Characterization of Resource Gains 7, IEEE
Transaction on wireless communications, Vol. 12, No.1,
2013, pp.40-49.

[18] Ezio Biglieri, John Proakis, Shlomo Shamai, “Fading
channel: Information- Theoretic and communication
aspects”, IEEE Transaction on Information Theory, Vol.
44, No.6, 1998, pp.2619-2692.

[19] Bernard Sklar, ‘Rayleigh fading channels in mobile
digital communicationsystem Part-1: Characterizatio’
July 1997, pp.90-100.

[20] Norman C. Beaulieu, Christine Cheng, “Efficient
Nakagami-m Fading Channel Simulation”, Vol. 54, No.
2, March 2005, IEEE Transaction on Vehicular
Technology , Vol. 54, No.2, 2005, pp.413-424.

32



