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Abstract

Because a large number of licensed users have occasionally used their allocated bandwidth in recent years, efficient use of frequency
band is a vital issue. While licensed users continue to use this bandwidth for publishing, unused bands can be allocated for reuse to
provide broadband network services. These empty bands are described as white space and cover a large part of the bandwidth. It is
possible to activate this great potential by cognitive radio technology. In this study, energy detection technique was used to detect
unused bands. With this technique, it is determined which frequency band is suitable and there will be done appropriately the
assignment of the second user.
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1. INTRODUCTION

Since wireless communication is used very intensely nowadays, the radio frequency band has been subjected to intensity. Traffic
in the narrow frequency band has steadily increased due to its widespread use of technologies such as Wi-Fi, Bluetooth and GPS.
According to the US Federal Communications Commission (FCC), the results has shown that the radio frequency band is not used
actively and appropriately (S. Haykin, D.J.Thompson, J.H.Reed, 2009). Since this band belonging to the licensed user has not been
used outside of a certain time, spectrum holes have appeared in the frequency band. If these bands that are not used much by the
licensed user are allowed for dynamic access, the use of these bands by other communication systems may preclude the problem
of spectrum inefficiency. The system to do this is called cognitive radio technology.

This technology was first found by Mitola. In his study, cognitive radio is defined that a system that alters the operating parameters
to allow broadcasting in this spectrum by finding the empty spectrum (J. Mitola G. Q. Maguire, 1999). In cognitive radio
technology, the primary user is called that the frequency band belongs to itself and user having priority to use spectrum. The
secondary user is called that user using the empty frequency band without interfering to the licensed user. The main purpose of
cognitive radio network is to enable unlicensed users to use these spectrum holes when licensed users are not active. In the
meantime, the purpose is to provide the use of the spectrum efficiently without damaging the licensed user.

2. COGNITIVE RADIO

The major factor that led to the emergence of cognitive radio technology is to be the inefficiency in terms of use of the spectrum.
According to a report issued by the Federal Communications Commission (FCC), spectrum hole ratio has changed from 15% to
85% at some time of day (Federal Communications Commission, 2002). Cognitive radio technology, which allows the spectrum
belonging to a licensed user to be used by unlicensed persons, detects the spectrum state thanks to spectrum detection techniques
and allows dynamic spectrum access.
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Fig. 1. Spectrum holes and dynamic spectrum access(Emrullah G, 2015)

Cognitive radio technology enables efficient use of bandwidth by different types of wireless network structure and different
spectrum sensing techniques. Cognitive radio confronts some difficulties while it presents this technology. There are things to do
to overcome them. Firstly, it is necessary to determine the parts that are not used in the frequency spectrum. After that the most
suitable for use is assigned to these parts. Other users must be contacted before assignment to prevent a possible interference.
Finally, if the licensed user logs into the channel, the unlicensed user must leave the spectrum without disturbing it. Overcoming
these challenges consists of the steps of cognitive radio technology. Spectrum sensing, spectrum management, spectrum sharing
and spectrum mobility constitute these steps (S. Ingdk, 2002).

Spectrum sensing involves mobility of the licensed user and the control of the spectrum by constantly analyzing the frequency.
It determines the access methods to the spectrum without interfering with primary users by detecting unused spectrum and spectrum
holes. It must examine the existence of licensed users while the spectrum is analyzed periodically (F.K. Jondral, 2005). One of the
difficulties is the noise occurred in the frequency area during the detection of the licensed user signals. There are many techniques
by performing spectrum sensing. The speed and accuracy of the results are the two most important factors in determining the
optimum spectrum sensing algorithm. Depending on data obtained from the spectrum sensing, spectrum management is a decision-
making process related to the time when the spectrum will be appropriate and variables related to frequency and spectrum to be
used. These variables are the parameters that constitute service quality such as interference level, error channel ratio, path loss,
link layer delay (E. Tuna, M.,Karag6z, 2012). One of important criterion in cognitive radio technology is to allow the frequency
to be used without exposing the licensed user to interference when the spectrum is empty (C. Pham, N.H. Tran, C.T. Do, C, S.
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Moon, C.S. Hong, 2014). Spectrum management is formed two sections. The first section is to collect information about spectrum
bands considering the statistical data of licensed networks. The second step is to determine which channel is empty and to assign
it according to this obtained result. One of the problems encountered is to be incorrect results in the calculation of the spectrum
capacity using SNR information.
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Fig. 2. Cognitive Radio Block Diagram

In spectrum sharing, coordination process to the appropriate channel with spectrum management during access of unlicensed users
is performed. Spectrum sharing can be approached from different angles. If we look at it as an architectural structure, it can change
according to the central or distributed. Another view may be according to the spectrum assignment attitude. This view occurs
according to the knowledge obtained from one node is related to other nodes. Finally, it is processed according to the access
technology. There are two techniques, overlay and underlay, in last part. In spectrum sharing, one of the disadvantages is that an
unlicensed user leaves spectrum when licensed user want to use the spectrum (L. Khalid, A. Anpalagan, 2010). Spectrum mobility
is to log in for licensed user's channel usage request or to leave from channel in bad channel conditions. Communication should
continue because the frequency bands will change constantly. Whenever the operating frequency changes, the operating variables
must also change. The most important success criterion is that the spectrum change is fast and without damaging the first user. It
is shown how the stages are done in cognitive radio technology in figure 2 (A. Lertsinsrubtavee, A., Malouch, S. Fdid, 2014).

3. ENERGY DETECTION TECHNIQUE

This technique is the most common among spectrum sensing methods. It is preferred because it has few mathematical expressions
and its hardware structure is not complicated. It is possible to use this technique for the licensed user without extra information.
The output value of the energy detection is compare with a threshold value according to the variance of the noise signal. According
to the resulting value, licensed user signal is detected. Energy detection technique also has some weaknesses. The most important
disadvantage is to determine the threshold value. Another problem is interference with licensed user when unlicensed user is used
frequency and sometimes not to distinguish the noise.

In this technique, unlicensed users determine licensed users based on the power of the signal. Since the detection process is
based on the SNR value of the signal, the uncertainty of the noise signal will also affect the system performance (I.F. Akyildiz,
W.Y. Lee, K.R. Chowdhury, 2009). The energy detection technique is based on the Neyman-Pearson approach. The purpose of
this approach is to increase the probability of detection depending on false alarm probability. The probability of detection (Pq) is
that the output signal is greater than the threshold value when the primary user broadcasts. The probability of false alarm (Ps) is
that the output signal is greater than the threshold value when the primary user is not broadcasting. The incomplete detection
probability (Pmg = 1- Pq) is that the unlicensed user is unable to detect the licensed user. These probabilities, depending on the
threshold used by the algorithm to determine if the signal is present or not, are defined as the receiver operating characteristic.

4. MATHEMATICAL EQUATIONS

In this study, the results were obtained by considering the AWGN channel. There are two possible situations. While Ho shows
that there are no licensed users, H; shows that there are licensed users (S. Atapattu, C. Tellambura, H. Jiang, 2011).
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Where X[n]: an example of the signal coming to the cognitive radio user, W[n]: AWGN signal with zero mean and variance avz\,,

S[n] is the signal with zero mean and variance and also is a received signal assuming that it is an independent random process.
N: an example of the signal. The following equation 2 is used to find the signal to noise ratio (SNR) (S.Y. Lien, C.C. Tseng, K.C.
Chen, 2008).

SNR = 25 )

P4 is expressed as in the following equation 3.

]/—N(O'Vzv-i-O'sz)

(3)
2N(c7\,2\,+0'52)2

Pe =Q

Q(.) used in equations is general Q function. The number of samples to be found (N) is shown as the following equation (4) to
find the P4 and Ps variables corresponding to a given SNR (F.F. Digha, M.S. Alouini, M.K. Simon, 2007).

N = 25NR2[Q1(Py )— L+ SNR)Q (P )f 4)

5. RESULTS

AWGN channel was used for analysis in this study. it is shown how the magnitude of the SNR value affects the results.
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Fig. 3. Probability of detection compared to probability of false alarm for SNR =15 dB
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Fig. 4. Probability of detection compared to incomplete detection probability for SNR =15 dB
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Fig. 5. Probability of detection compared to probability of false alarm for SNR = 40 dB

Results to be obtained according to the Neyman-Pearson rule are evaluated according to detection probability Pg, false alarm
probability Ps , the incomplete detection probability Png and probability of false alarm graphics. In this approach, the goal is to
increase the probability of detection compared to false alarm probability. In figure 3 and figure 4, it is possible to see that increases
probability of detection compared to probability of false alarm while the SNR value is 15 dB.
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Fig. 6. Probability of detection compared to incomplete detection probability for SNR = 40 dB
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Fig. 7. Probability of detection compared to probability of false alarm for SNR =2 dB

In figure 5 and figure 6, it is possible to see that increases probability of detection compared to probability of false alarm while
the SNR value is 40 dB. In figure 7 and figure 8, it is possible to see probability of detection compared to probability of false alarm
while the SNR value is 2 dB. However, errors have observed when the system has performed energy detection at small SNR values.
The results corresponding to the different SNR values are shown in the figure 9 and figure 10.
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Fig. 8. Probability of detection compared to incomplete detection probability for SNR =2 dB
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Fig. 9. Probability of detection compared to probability of false alarm for various SNRs
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Fig.10. Probability of detection compared to incomplete detection probability for various SNRs.

Results show that the spectrum sensing performance is quite good according to the Neyman-Pearson approach. It is indicated that
the detection performance can be significantly reduced at lower SNR values. The main reason of this is the hidden primary user
problem. Since primary user is signal exposed to action such as damping, blocking, etc. because of secondary user's location, it is
shown that possibility of incorrect decision making increases at very low SNR values (usually less than 10 dB).

The limited availability of the frequency spectrum makes it difficult for unlicensed users to locate in the spectrum. Dynamic
frequency allocation to unlicensed users can be done through cognitive radio. In this study, energy based detection process is
proposed for the detection of empty frequency bands in the spectrum and the possibility of false detection is reduced. With this
method, effective spectral sensing can be performed especially for channels with high SNR value.
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