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ABSTRACT

Article history:

Due to the rapid increase in wireless applications and the number of users,
spectrum scarcity, energy consumption and latency issues will emerge,
notably in the fifth generation (5G) system. Cognitive radio (CR) has
emerged as the primary technology to address these challenges, allowing
opportunist spectrum access as well as the ability to analyze, observe, and
learn how to respond to environmental 5G conditions. The CR has the ability
to sense the spectrum and detect empty bands in order to use underutilized
frequency bands without causing unwanted interference with legacy networks.
In this paper, we presented a spectrum sensing algorithm based on energy
detection that allows secondary user SU to transmit asynchronously with
primary user PU without causing harmful interference. This algorithm
reduced the sensing time required to scan the whole frequency band by
dividing it into n sub-bands that are all scanned at the same time. Also, this
algorithm allows cognitive radio networks (CRN) nodes to select their
operating band without requiring cooperation with licensed users. According
to the BER, secondary users have better performance compared with primary
users.
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1.

INTRODUCTION
The exponential rise of mobile smartphones that are rich in media has caused users to opt for
ubiquitous mobile broadband networks similar to fixed broadband Internet providers [1]. Many studies have
discovered that not all licensed bands are used the majority of the time, implying that the bands are only
partially used, as only a few bands are used competitively by many users [2], [3]. With developments in
wireless communication, there are pressing issues such as high data rates with higher end-to-end performance
requirements and user experience. New challenges arise with the introduction of new applications, such as
very low power, low latency and low cost, with a huge number of devices connecting to the network. The
dramatic growth of mobile data traffic has prompted the mobile network to move to fifth generation (5G) [4],
[5]. The development of 5G mobile networks is becoming one of the main drivers of the information and
communications technology industry [6]. 5G networks will provide high data rates and permit
communication within a wide bandwidth between the largest number of devices for the longest possible
period [7]. In order to provide high-quality services, it is necessary for 5G wireless networks to incorporate
more candidate technologies and to integrate multiple types of functional networks [8]. These technologies
include, for example, device-to-device, cognitive radio (CR), software defined networking, massive multi-
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input multi-output and so on [9], [10]. With all these new technologies, the obstacles to the 5G network
remain multifaceted, such as the rapid growth of mobile data, traffic and the scarcity of spectrum.
CR has quickly attracted the interest of industry and academia as one of the promising 5G
technologies that can address or partially solve the above challenges. Cognitive radio networks (CRN) are
being introduced as a future technology to solve spectrum scarcity with a fast growth of wireless
applications, notably in 5G and beyond [11]. In CRN, primary users share their authorized spectrum with
secondary users in CRNs provided that the interference caused to the PUs does not exceed an unacceptable
level. In order to detect the active PUs, different spectrum sensing methods have been developed to provide
more spectrum utilization for SUs without any interference with PUs [12], [13]. In 5G, there are wide
frequency bands available for use because there is a wide range of these bands that are not used continuously
[14], [15]. The throughput of CRNs can be dramatically improved by providing access to bands unused or
exploited by authorized users [16], [17]. CR is known as an intelligent technology capable of tracking,
interpreting and making decisions for complex resource distribution and spectrum management [18].
There are parameters to be considered in order to optimize CRN operation in different networking
environments. The time available to sense transmission channel and the power of the PUs signal are among
these essential parameters affecting the efficiency of spectrum sensing. In addition to this, the parameters
affecting signaling and sensing quality are sensing time, energy consumption and throughput of a
CRNsSensing time has an effect on energy usage, where increasing the time spent on sensing a single
channel will increase energy consumption and reduce the transmitting time of the SUs. Taking into account,
noise and channel disruptions such as fading and shadowing lead to decision errors which are measured in
terms of false alarms and misdetection probabilities. In this paper, a new spectrum sensing algorithm is
proposed based on the energy detection method to improve the throughput of spectrum sensing at different
SNR levels. This work focuses on throughput optimization by reducing the required sensing time and
increasing the accuracy of SUs allocation without interference with PUs. The contributions of this paper is to
provide a general framework for 5G CR that encompasses:
−
Can choose and operate on any frequency band, since this proposed algorithm is not limited to a
particular range.
−
The proposed CR algorithm does not need any information about PUs, such as the nature of
employment and time of operation.
−
The proposed algorithm enabled us to reduce the sensing time required to scan the entire working
frequency band and increase the CRNs throughput.
−
Less time to assign a secondary user with more accuracy in locating the primary user.
−
The proposed algorithm has successfully utilized the idle licensed spectrum of PUs without interference
between users.
−
Based on the above, this algorithm has made it possible to use large frequency bands that could reach
GHz.
The remaining sections of the paper are arranged as shown in: section 2 reviews the related work. In
section. In section 3, the proposed system model (OFDM system and spectrum sensing) is discussed.
Section 4 displays the results of the simulation and discussion. Finally, in section 5, the conclusion of the
paper is presented.

2.

LITERATURE REVIEW
The new frame structure has been proposed in [19] to predict spectrum scarcity as CR users can
estimate channel condition before sensing for accurate sensing outcomes. The simulation results indicate that
the performance of SUs is greatly improved by predicting spectrum scarcity. The effects of traffic density,
prediction errors and the number of users on performance are also discussed in this paper.
Alom et al. [20] an adaptive threshold model has been proposed to provide a more effective energy
detection approach to increase detection efficiency when the SNR is low. The simulation result shows that
the detection efficiency using the adaptive threshold was better than the use of the static threshold at the low
SNR level.
A new method is presented in [21] to enhance the selection of the sensing channel, which depends
on the probabilities of the channels being expected to be inactive. They also present a method for computing
prediction probabilities and a new framework structure tested by comparing the obtained results with the
standard method. The simulation results of the presented methods show a substantial increase in the
throughput.
Bharti et al. [22], optimal power allocation schemes for orthogonal precoded spectral configuration
for multi-user system was proposed. The goal of the proposed method is to optimize the total downlink data
rate for all users in an OFDM-based CR system, while keeping interference with PUs below predefined
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thresholds. The simulation showed that the proposed method has a much higher data rate for CR system
compared to a standard uncoded OFDM and the precoded OFDM power allocation method.
The impact of noise variability on the energy detection performance of signals transmitted by
OFDM is reviewed in [23]. In addition, extensive analysis was carried out using simulations of the energy
detection method for three different OFDM systems. The simulation results indicate that the trade-off
between the evaluated parameters will lead to enhanced the energy detection process of the various OFDM
system designs.
Chin [24] performed an estimate of the energy detection parameters in OFDM CR. The paper
focused on the detection of energy over undefined noise variances in multipath fading channels. The paper
analyzes two detection methods, along with a constant false alarm (CFAR) constant false alarm rate detection
probability (CFARDP). The CFARDP is required under different SNRs and functional impairments for a
stable sensing outcome in CRs. A not-data-aided (NDA) noise and signal measurement is also provided in
the paper. For CRs over multipath fading networks, the proposed NDA estimator utilizes the time-domain CP
of OFDM signals. Maximum likelihood (ML) technique and means values and cramer-rao lower bounds
(CRLBs) values for noise and signal power estimation were used. Compared to standard energy detection,
the approach using these approximate parameters produced a 40-50 percent improvement in the number of
sample detections.
Multiplexing orthogonal frequency division with index modulation cognitive radio (OFDM-IM-CR)
method was proposed in [25]. The OFDM-IM-CR system was used to check the potential for the use of
inactive subcarriers in CR networks for the SU. Three detection methods were proposed for cooperative
detection, non-cooperative detection and low-difficulty detection with near-maximum likelihood to enhance
detection of PU. In addition, revision of the BER performance assessment for the PU has been recommended.

3. SYSTEM MODEL
3.1. OFDM system model
A simple block diagram of the CP-OFDM transmitter and the CR spectrum sensing system can be
seen in Figure 1. In a discrete time, the equivalent OFDM baseband signals [26], [27] can be represented as
shown in:

Figure 1. Block diagram of an OFDM transmitter and CR spectrum sensing system
𝑖𝑛

𝑗2𝜋
𝑁
𝑥𝑙𝑚 (𝑛) = ∑𝑁−1
𝑖=0 X𝑙𝑚 (𝑖) 𝑒

(1)

As shown in (1) represents the equivalent OFDM discrete-time signal. Where the transmitter
converts the message bits to a series of QAM or PSK symbols that will be mapped into N parallel streams.
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Let X𝑙𝑚 (𝑖) represent the lmth transmit symbol of the ith sub-carrier, lm=0,1,…,∞, i=0,1,…,N-1 and n=0,1,…,
N-1. Note that (1) turns out to be the N-point IDFT of ∑𝑁−1
𝑖=0 X𝑙𝑚 (𝑖) data symbols and can be easily calculated
by using an inverse fast fourier transform algorithm. When the channel and the noise effects are not taken
into consideration, the OFDM received baseband signal can be represented in the discrete time as seen in (2).
𝑖𝑛

−𝑗2𝜋
𝑁 = X
𝑌𝑙𝑚 (𝑖) = ∑𝑁−1
𝑙𝑚 (𝑖)
𝑛=0 𝑦𝑙𝑚 (𝑛) 𝑒

(2)
𝑖𝑛

𝑗2𝜋
𝑁 from which the transmitted
Where the received OFDM baseband symbol 𝑦𝑙𝑚 (𝑛) = ∑𝑁−1
𝑖=0 X𝑙𝑚 (𝑖) 𝑒
symbol X𝑙𝑚 (𝑖). If the transmitted OFDM signals passing through the AWGN channel with zero mean white
noise e(n), the baseband signal shall be obtained as shown in (3):

𝑟(𝑛) = 𝑦(𝑛) + 𝑒(𝑛)

(3)

CR users find and use the available spectrum opportunities to efficiently utilize the idle licensed spectrum.
Depending on the spectrum availability opportunities for CR users, spectrum availability can be represented
by a binary assumption model [28] as seen in (4).
𝑟(𝑛) = {

𝑒(𝑡), 𝐻𝑜
𝑦(𝑡) + 𝑒(𝑡), 𝐻1

(4)

Where 𝐻0 is a null assumption, that means the PU is inactive on the other side, 𝐻1 means the PU is active.
Neyman-Pearson (NP) detection can also be used to ensure that the probability of a false alarm (𝑃𝑓𝑎 ) will not
surpass specified levels. Thus, the objective function of the NP decision rule can be written in a simpler way.
𝑄 = 𝑃𝑑 + 𝑔(𝑃𝑓𝑎 − 𝑎)

(5)

To increase the probability of the detection 𝑃𝑑 , while limiting the 𝑃𝑓𝑎 at a certain level The variable g in the
(5) is the Lagrange multiplier. The NP detector with 𝑃𝑓𝑎 and 𝑃𝑑 can be represented as a likelihood ratio test as
shown in (6):
𝑃 (𝑟|H1 ) > 𝜆 𝐻1
{ 𝑟
𝑃𝑟 (𝑟|𝐻0 ) < 𝜆 𝐻o

(6)

Where r represents the signal received and 𝜆 the threshold [29].
3.2. Spectrum sensing model
In this model, as seen in Figure 2, the peak value Es of the received signal r(t) in the CR
communication range will be compared with the initial threshold 𝜆 (7). The threshold is calculated when only
the e(t) noise signal is present in the communication channel.
𝜆 = 𝑚𝑎𝑥(|FFT(𝑒(𝑡))|)

(7)

If the energy level of the received signal is below the threshold level, the spectrum shall be
considered to be available for use by the SUs otherwise it will be considered to be occupied. This model does
not require prior knowledge about the primary users and is less complex since it is based on the energy
detection method. The frequency band of the received signal B will be divided into sub-bands that will feed
the spectrum sensing block. The spectrum sensing block is composed of n sub-blocks, each of which is in
charge of scanning a specific sub-band of the receiving signal. The sub-blocks will make the decision at the
same time. By using this algorithm, we will get decisions from n sub-blocks at the same time, this means that
the time required to scan the whole band is 𝜏/𝑛 where 𝜏 represents the sensing time required to scan the
entire band without using the proposed algorithm. This algorithm will reduce the sensing time needed to
check the whole frequency band by 1/n vector and increase the detection accuracy, as all these sub-blocks
will make decision at one time.
The procedure of the CR algorithm scheme, can be arranged as shown in:
−
Begin
−
Divide the frequency band B of the received signal r(t) into n sub-bands (B1, B2,…,Bn).
−
Calculatting the initial threshold level 𝜆 when only a noise signal is present on the channel according to
(7).
5G cognitive radio system design with new algorithm asynchronous … (Mohammed Mehdi Saleh)

2050
−
−
−
−
−
−

ISSN: 2302-9285

Finding the peak value of the received signal Es within the sub-band by taking the FFT for this received
signal and comparing it to the initial threshold level 𝜆.
If all signal energy Es levels fall below the initial threshold 𝜆, the frequency band is marked as available
H 0.
Set this band for use by secondary users
Else, the frequency band is not available H1, another band will be chosen for the quest.
Processing group 2.
End.

Figure 2. Flow chart of the proposed algorithm

4.

SIMULATION RESULTS AND DISCUSSION
Assume the working frequency band of the CR system is from 1 Hz to 10 MHz. The frequency band
has been divided into 5 sub-bands feeding 5 sub-blocks, where each sub-band is 2 MHz and the number of
primary users (PUs) is 20. Next, let's assume the number of idle PUs is 10 and the number of secondary users
(SUs) is 10 SUs that will be assigned in the place of the absent PUs. The flow chart in Figure 2 illustrates the
ongoing process of the proposed algorithm. It uses an energy detection technique for sensing the PUs to find
unused frequencies, and then assigns them to SUs.
The main factor used to assess and determine the overall detection rate of spectrum sensing
techniques is the receiver operating characteristics (ROC) curve. ROC has been used to ascertain the
proposed theoretical formulas of 𝑃𝑑 , 𝑃𝑓𝑎 and 𝜆 as the first validation scenario. Figure 3 shows the accuracy
of the relation between 𝑃𝑑 and 𝑃𝑓𝑎 that was tested by evaluating the theoretical ROC energy detection curve
for different SNR values. Based on [29] and using the same simulation parameters, the simulation results of
the proposed algorithm for 𝑃𝑑 , 𝑃𝑓𝑎 and 𝜆 shows high and accurate compatibility with false alarm conditions
and other system parameters. The detection is achieved by comparing the received signal r(t) to the threshold
𝜆. Since the transmitted signal, x(t), is presented within the r(t), a successful detection happens when the
received signal crossing the threshold, for example r(t) > 𝜆. The ability of the detector to detect the target user
is measured by the 𝑃𝑑 . The 𝑃𝑑 is estimated as the ratio between the number of times the r(t) crossing the
threshold 𝜆 and the number of total trials. But at the other hand, a false alarm happens when the detection
indicates that there is a user, but there is really no user. The received signal crosses the threshold when there
is only noise present and the error probability of the detector to detect a user when there isn't one is given by
𝑃𝑓𝑎 . The simulation result shows that at 𝑃𝑓𝑎 0.1 the 𝑃𝑑 is 0.88666 for -10 dB SNR, for -15 dB SNR the 𝑃𝑑 is
0.42349 and for -20dB SNR the 𝑃𝑑 is 0.24957 for the same 𝑃𝑓𝑎 which meets our requirement compared with
the result in [29].
The periodogram will be used to simulate the spectrum density of the signal. We create random PUs
signals in the specific frequency band in this simulation is from 1 Hz to 10 MHz. White gaussian noise has
been added to the received signals to simulate real channels. The sensing block measures the energy carried
by each symbol, then compares it with the threshold, deciding whether or not the PU is active at this moment.
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In the sensing block, each sub-block scans a specific sub-band to decide if the PU is active or inactive at this
time, if the PU inactive, permit the SU to use the vacant spectrum. The performances of the proposed
algorithm were checked by comparing the results obtained with the results recorded in [20] and enhanced
throughput in [30]. Reducing the sensing time will maximize spectrum utilization, dramatically reduce
interference between PUs and SUs, and enable the CRN to achieve the highest throughput. The results of the
simulation showed that the proposed algorithm significantly improved CR performance by reducing sensing
time and efficiently using licensed bands. As seen in Figures 6-9 secondary users have been effectively
allocated to idle PUs frequencies without interference between users. The model also achieved high accuracy
in the case of low SNR in the noisy channel at a different threshold level. The following figures are the PU
and SU signals for the proposed model simulation. Figure 4, represents the peak values of the primary users
signals and the noise signal present in the channel. Figure 5 shows that there are 10 inactive PUs at this
moment, then unused frequencies will be assigned to the SUs as seen in Figure 6. Figure 7 shows the PUs
signals with blue color and SUs signals with red color. Our model was simulated by using MATLAB 2019b.

Figure 3. 𝑃𝑑 compared with 𝑃𝑓𝑎 using ED ROC curves with various SNR values

Figure 4. The PUs signals for 20 users

Figure 5. The PUs signals with 10 idle users

5G cognitive radio system design with new algorithm asynchronous … (Mohammed Mehdi Saleh)

2052

Figure 6. The SUs signals assigned to the empty
frequencies
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Figure 7. The PUs signals with blue color and SUs
signals with red color

Figure 8 illustrates downlink throughput per user and Figure 9 is BER per user when using the
proposed CR algorithm. Where UE1 represents the primary user and UE2 represents the secondary user. The
secondary user UE2 used the primary user UE1 band in their absence and successfully achieved throughput
without interference. According to the BER the secondary user achieved better performance compared with
primary users, whereas the throughput for primary users is more achievable to use in the algorithm as shown
in figure 8 and 9. We simulate the 5G environment by using MATLAB and LabVIEW, then input the
simulation result from LabVIEW to AGW devices and display the output by using MATLAB.

Figure 8. Downlink throughput per user when used the
proposed algorithm for CR

Figure 9. BER per user when used the proposed
algorithm for CR

5.

CONCLUSION
The results of the simulations show that with different levels of SNR of the primary users
-10 dB,-15 dB, and 20 dB, the optimum time has been reached to achieve the highest throughput while
keeping the probability of detection within the required limit. The proposed algorithm successfully reduces
the sensing time needed to assign SUs in a 5G system by 1/n vector. According to the BER, the secondary
user achieved better performance compared with primary user, whereas the throughput for the primary user is
more achievable to use in the algorithm. Using this algorithm, we are able to detect the empty spectrum,
which is initialized and dynamically allocated to the unlicensed user, and once the licensed user looks for its
assigned band, the SU transfers its band to any other available band.
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