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I. INTRODUCTION 
 

A number of different radio access technologies are 

currently in operation such as cellular and wireless 

networks, broadcast television, radio, and so forth. A 

fixed spectrum allocation policy is implemented now, 

where fixed frequency bands are assigned to various 

services. This policy ensures that one licensed service 

does not interfere with the operation of another. 

However, it leads to severe underutilization of the 

available radio spectrum. This fixed spectrum 

allocation policy has served well in the past, but with 

the drastic increase of demand for frequency 

allotment in recent years, a new paradigm is needed 

to make use of the existing wireless spectrum 

opportunistically.1 Cognitive radio (CR) is a novel 

technology that enables such opportunistic access to 

under used 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Frequency bands. Unlicensed users (secondary users 

[SUs] or cognitive users) search for available 

frequency gaps (white spaces)2 and then access 

these spectrum holes if licensed user (primary user 

[PU]) activity is not detected. Cognitive radio is a 

promising technique for the next generation of 

wireless networks, ie, 5G cellular networks and 

beyond.3 Cognitive radio systems can mainly be 

divided into 2 categories: underlay and interweave. In 

underlay scheme, the SUs, ie, cognitive users access 

the spectrum while keeping the interference at the 

PU, ie, licensed user below a certain limit. On the 

other hand, in interweave scheme, the SUs access the 

spectrum while PU is inactive and the SUs use 

spectrum sensing technique to determine the 

inactivity of the PUs. The interweave scheme is the 

most suitable for the current spectrum management 

policies and legacy wireless systems.4 Spectrum 

sensing is one of the key functions in interweave CR 

network (CRN). For accurate detection of activity on a 
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spectrum, accurate spectrum sensing techniques are 

required. Various techniques have been proposed for 

effective and accurate spectrum sensing; they can 

broadly be divided into 3 categories4,5: energy 

detection (ED), matched filter detection, and 

cyclostationary feature detection. 

 

 Energy detection is a no coherent detection method 

that detects the primary signal based on the sensed 

energy.6 Because of its simplicity, ED is the most 

popular sensing technique for spectrum sensing. In 

ED-based spectrum sensing, the ED threshold and 

the minimum number of required samples for ED are 

2 design parameters on which the performance of 

spectrum sensing depends mostly.6 By interference 

analysis, an analytical model of received signal-to-

noise ratio (SNR) at a CR is developed to determine 

these 2 parameters in Hoven and Sahai7 and Dhillon 

and Brown8 for a traditional CRN. When channels are 

found to be usable by a CR, effective channel 

allocation and user scheduling algorithms are 

necessary to make the optimal use of the available 

spectrum.9 In the traditional cellular networks, 

available spectrum is distributed equally among the 

users.  

 

A number of scheduling algorithms are available for 

the traditional cellular networks as well as CRNs, such 

as round robin, max throughput, max-min 

throughput, max utility, min delay, and so forth.10-15 

In round robin–based scheduling, users obtain equal 

number of time slots for transmissions in round robin 

fashion and the throughput of the users vary 

according to their rates. Max throughput–based 

scheduler maximizes the total throughput of the 

users. However, the throughput fairness among the 

users is very poor under this scheduling technique. 

On the other hand, max-min throughput–based 

scheduling scheme provides the maximum 

throughput fairness among the users by maximizing 

the minimum throughput of the users. While the 

concept of CR puts emphasis on better use of 

wireless spectrum and increasing total throughput, 

there is still growing need for improvement in the 

coverage of high data rates and an increase in 

user/system throughput.16 Cooperation among the 

base stations (BSs) in a network of small cells is one 

viable solution for this problem.17 Increasing the 

data rate of cell-edge users is also a concern in 

cellular networks. Coordinated multipoint (CoMP) 

transmission is currently being considered as an 

effective solution to both these concerns.18,19 In 

CoMP operation, multiple BSs coordinate with each 

other in such a way that the transmission signals 

from/to other points do not incur serious 

interference and exploit the benefits of distributed 

multiple antenna systems.20 Coordinated multipoint 

transmission is generally divided into 3 categories: 

joint processing/joint transmission (JP/JT), 

coordinated scheduling or coordinated beam 

forming (CS/CB), and dynamic cell selection.21 In 

JP/JT, data of a user is available to the coordinating 

BSs and these BSs transmit the same packet 

simultaneously to the user.22 This technique is 

incorporated in the LTE-Advanced standard. 

 

18 The major issues in JT technique are 

synchronization of distant sites, multicell channel 

estimation, feedback of the channel state 

information (CSI), synchronous exchange of user 

data, and JP.23,24 In Abdelkefi et al,25 the 

performance of CoMP technique is studied with CSI 

error and it is shown that error in estimating CSI can 

significantly influence the performance. The limited 

capacity of backhaul connection of the coordinating 

the BSs is also another vital issue in implementing 

CoMP technique. However, all these issues can be 

solved with some extra efforts.26 Moreover, JT can 

provide significantly higher throughput than the 

CS/CB transmission23 and has less overhead than 

dynamic cell selection. 

 

21 In this research, we consider CoMP JT technique, 

which has received significant attention from the 

wireless communication research community.27-31 

Both CR and CoMP transmission are highly 

promising paradigms for future cellular networks. 

Several researches have been conducted on CoMP 

transmission–based CRNs. These researches can be 

divided into 2 categories: underlay and interweave. 

Underlay CRN with CoMP transmission has been 

studied in the literature32-37 under various aspects 

by limiting the interference to the PUs below a 

threshold. In Scutari and Palomar,32 the authors 

consider multiple multiple-input multiple-output 

CoMP transceivers and maximize the rates of the SU 

users by game theory. In 1 study,33 the authors 

propose a resource allocation and beam forming 

algorithm to accommodate maximum possible 

number of secondary 

receivers while satisfying quality of service 

requirement for each admitted secondary receivers 

and transmit power limitation at the secondary 

transmitters. In another study,34 the authors 
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presents a joint beam forming and power allocation 

technique to maximize the multiuser sum rate in a 

microcellular CR system by controlling the 

interference between the macro cell and the 

microcell with a satisfaction level.  

 

In another study,35 the authors propose a 

cooperative scheme to jointly optimize the clustering 

and the beam forming to minimize the overall power 

consumption while satisfying the SUs’ quality of 

service. In the work of Pennanen,36 the authors 

propose a decentralized CoMP coordinated beam 

forming for multiple-input multiple-output–based 

cellular networks to minimize the summation of the 

total power at the BSs while providing the 

guaranteed minimum rate for each SU. In Dadallage 

et al,37 the authors consider joint beam forming, 

power, and channel allocation in a multiuser and 

multichannel multiple-input single-output CRN to 

maximize spectrum utilization with minimum intra 

user interference. The major limitation of the 

underlay scheme is that the secondary transmitters 

must know the channel gains of the PUs, which is not 

practically realizable. 

 

There is a very limited study on interweave CRN with 

CoMP transmission. In Kaleva et al,38 the authors 

design a low-complexity zero-forcing throughput 

maximizing beam former for a spatial interweave 

CRN. It does not use spectrum sensing to determine 

the activity of the PUs. It uses the exploitation of the 

primary system demodulation pilots to nullify the 

interference to the PUs based on an assumption that 

the primary system transmitter and receiver design 

are reciprocal. However, the system is very complex 

to realize practically.  

 

To the best of our knowledge, research has not yet 

been performed to incorporate CoMP JT in a CRN 

with spectrum sensing. It should be noted that 

spectrum sensing–based CR system is the most 

suitable and practical.4 Effective design of an 

interweave CRN with CoMP JT technique is very 

challenging since the spectrum sensing, channel 

allocation, and scheduling of this type of CRN are 

completely different from a traditional CRN, and 

hence, the spectrum sensing based on the model 

inHoven and Sahai7 and Dhillon and Brown8 and the 

existing channel allocation and scheduling 

algorithms may not work. For us to use CoMP JT 

technique in a CRN, the spectrum sensing method 

has to be redesigned. Because of JT, interference 

from SU transmitters travel further. As a result, SU 

transmitters have to perform JT while keeping a 

greater distance to PU system, while ensuring a 

satisfactory level of PU detection capability. Which 

would mean that the received SNR from PU is weaker 

and the energy detector has be to more sensitive.  

 

Therefore, analytical model of received SNRat a CR 

needs to be developed by interference analysis for a 

CRN with CoMP JT to determine the 2 design 

parameters of ED-based spectrum sensing. 

Additionally, the existing channel allocation and 

scheduling will not give the best result in this system, 

as there are different types of idle channel (some 

suitable for JT while others are not) compared to the 

traditional CR. Therefore, for the CRN with CoMP JT, 

an optimal channel allocation and scheduling 

algorithm have to be developed.   

We propose a CR system with CoMP JT technique. 

1. We develop analytical model of received SNR at a 

CR to determine the ED threshold and the minimum 

number of required samples for spectrum sensing in 

a CRN with CoMP JT technique. 

2. We evaluate the performance of spectrum sensing 

under the developed analytical model by simulation. 

We find that spectrum sensing is very accurate 

under the developed analytical model. However, 

spectrum sensing under the analytical model of a 

traditional CR is not feasible in a 

3. CRN with CoMP JT technique.  

4. We formulate an optimization problem to maximize 

the minimum throughput of the users by optimal 

channel allocation and user scheduling. The 

optimization problem turns out as a complex mixed 

integer linear programming (MILP). 

 

We solve the optimization problem by using an 

optimization tool for several CRN instances with 

CoMP JT technique by limiting the number of slots in 

time frames. Optimization tool–dependent channel 

allocation and user scheduling approach is practically 

not realizable. For practical implementation, we 

propose a heuristic-based simple channel allocation 

and user scheduling algorithm to solve the 

optimization problem. We evaluate the performance 

of the proposed channel allocation and user 

scheduling algorithm via simulation. The simulation 

results show that the simple algorithm can achieve 

the optimal max-min throughput of the users. The 

rest of the paper is organized as follows.  In Section 

2, the system model for a CoMP JT–based CRN is 

presented, the analytical formula to determine the 
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ED parameters for a CoMP JT–based CRN is derived, 

and the numerical results on spectrum sensing are 

presented. In Section 3, we use the spectrum sensing 

method described in Section 2 to detect the idle 

channels and formulate an optimization problem for 

the optimal channel allocation and user scheduling. 

In this section ,we also describe the proposed 

heuristic algorithm and evaluate its performance. The 

paper is concluded in Section 4. 

 

II. PROPOSED METHOLOGY 

 
Acceding to this flow chart, steps are following- 

1. Firstly assign primary users, secondary users and 

some system variables in script writing or code.  

2. Now apply proposed energy detection based 

spectrum sensing to optimize desired results.  

3. Run simulation in MATLAB 2018 environment and 

check whether it is simulated or not.  

4. After successfully simulation calculate throughput 

or transmission rate, energy and spectral efficiency.  

5. Calculate all other parameter values and compare 

to existing work. 

 

1. Algorithm 

Energy detection is the simplest sensing technique, 

which does not require any information about the PU 

signal to operate. It performs by comparing the 

received signal energy with a threshold. The 

threshold depends only on the noise power. The 

decision statistic of an energy detector can be 

calculated from the squared magnitude of the FFT 

averaged over N samples of the SU received signal as 

illustrated in Figure 4.2. 

 
Figure 1: Energy detection model. 

 

The detector output is the received signal energy as 

given by 

             

 

Where n=1….N N is the sample number, and y(n) is 

the SU received single, and TED is the test statistic. 

the decision-based energy detection can be 

expressed as: 

 
where λ denotes the sensing threshold and TED 

denotes the energy of the SU received signal. The 

received signal can be approximated as a Gaussian 

random signal. Based on the central limit theorem, 

when the number of samples exceeds 250 (N >250), 

the test statistic has a central chi-square distribution 

with N degrees of freedom for Ho hypothesis, while 

it has a non-central chi -square redistribution with N 

degrees of freedom for H1 hypothesis. Thus, the test 

statistic, TED , is approximated as Gaussian and given 

by 

 
where δ

2
S
denotes

 the PU signal variance, denotes the 

noise variance, and Ɲ denotes the normal 

distribution. For evaluation metrics, the probability of 

detection and the probability of false alarm for 

additive white Gaussian noise (AWGN) channel can 

be expressed respectively as: 
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where Q(.)denotes the Q-function and λ denotes the 

sensing threshold. The two metrics can be also 

formulated as a function of the signal to noise ratio 

(SNR) as: 

 
where λ denotes the SNR and λ denotes the average 

threshold λ/δ2ω , Thus, the sensing threshold 

depends on the noise power and it is expressed for a 

target. 

 

III. SIMULATION AND RESULT 
 

Consider cognitive radio network which consisting of 

10 PUs, 100 SUs, and 5 network. The PUs is randomly 

distributed over an area 1500×2500m2. The SUs are 

also randomly distributed in the coverage area of the 

2 BSs. The number of SUs associated to a BS 

depends on the positions of the SUs. The distance 

between the BSs (dbs) is considered to be 600 m. 

The cell radius is taken to be 400 m, and the 

maximum overlapping distance across the center of 

the cells is 200 m. Shows in figure.  

 
Figure 2: cognitive radio network model. 

 

The total number slot in a frame (Nslot) is taken to 

be 1000. Based on the activity of the PUs in each 

time frame, the channel allocation and scheduling 

algorithm is performed using the channel 

information and eventually, the channel allocations 

Ru,s’s of each user u ∈ N are determined. Based on 

the type of the user u and the type of the allocated 

channels, the rate for each allocated channel is 

calculated and then for a time frame t, the 

throughput of the user u is calculated. 

Let 𝜆u,t be the throughput of a user u in time frame 

t. At the end of simulation, the throughput of a user 

u ∈ N is calculated as 

𝛾𝑢
𝑇 =  

1

𝑁𝑓𝑟𝑎𝑚𝑒
 𝜆𝑢, 𝑡

𝑁𝑓𝑟𝑎𝑚𝑒

𝑡=1

 

 

where Nframe = 
𝑇

Tframe  
 is the total number of time 

frames during the simulation. 

Table -1: System Model Parameter. 

 

Sr No.  Parameter Name  Value  

1  No of primary users  15  

2  No of secondary  users  30  

3  No of  Network  5  

4  Modulation  PSK  

5  Modulation Order  4  

6  Path loss exponent 3  

7  Noise power  -100 dbm  

 

 
Figure 3:  User Throughput. 

 

The throughputs of the users of the CRN-1 with 

CoMP JT technique under the proposed channel 

allocation and scheduling algorithm are shown in 
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figure 5.4. The results show that throughputs of the 

users are very close and improved. 

 
Figure 4: Fairness Calculation. 

 

Figure 5.5 shows the comparison of fairness index 

(FI), For the 5 CRN instances, the throughput of each 

user is determined via simulation for the “proposed” 

heuristic and “baseline” algorithms. The throughputs 

of the users of the CRN-1 without CoMP JT 

technique under the baseline algorithm, i.e. under 

the traditional channel allocation and scheduling 

algorithm, are shown in Figure 8. The results show 

that throughputs of the users differ significantly. 

From the throughput of the users, the Jain FI is 

calculated as 

𝐹𝐼 =
  𝝀𝑢

𝑇
𝑢∈N  2

𝑁  𝝀𝑢
𝑇 2 ′𝑢∈N

 

 

and it is found to be 0.7275. Thus, there is significant 

throughput unfairness among the users of a CRN 

without CoMP JT technique under the traditional 

channel allocation and scheduling algorithm.  

We also perform simulation for the other network 

instances and then calculate the FI for each of the 

network instances. The FIs of the 2 instances with the 

proposed and baseline algorithms are depicted. The 

average FIs for the 2 CRN instances with baseline and 

proposed algorithms are found to be 0.7377 and 1, 

respectively. Thus, CoMP JT technique under the 

proposed algorithm solves the throughput unfairness 

problem in CRNs. 

 

Table -2:  Comparison of proposed and previous 

work. 

Sr. 

No 

Parameters  Previous Work  Proposed 

Work  

1  Model Cognitive Radio  Cognitive 

Radio with 

CoMP-JT  

2  Methodology  Energy-

harvesting and 

DNN  

Energy 

Detection  

3  Fairness index  0.6  1  

4  Network 

Throughput  

110 Mbps  150 Mbps  

5  Secondary user 

Throughput  

90 Mbps  120 Mbps  

 

 

III. CONCLUSION & FUTURE WORK 
 

Conclusion can be summarize by following points- 

1. Thus the Performance calculation of Cellular 

Network Using Cognitive Radio Network with 

Coordinated Multipoint Joint Transmission are 

proposed. 

2. Due to this algorithm the throughput or 

transmission rate is increased. 

3. Fairness of proposed algorithm is also measured. 

4. Power saving performance is measured in terms of 

false-alarm probability, since the larger the 

probability is, the more power is consumed for all 

the relevant users. 

5. Calculated throughput of network index, user 

throughput, signal-to-interference-plus-noise ratio. 

6. Check all parameter and compare from existing 

work. 

Proposed work can be further enhance as per 

following points- 

Applications of spectrum-sensing cognitive radio 

include emergency-network and WLAN higher 

throughput and transmission-distance extensions. 

The evolution of cognitive radio toward cognitive 

networks is underway; the concept of cognitive 

networks is to intelligently organize a network of 

cognitive radios. 

1. Resource allocation can be done using soft 

computing methods like GA, NN etc. 

2. secondary user quality of services can be more 

improved using some novel algorithm. 

3. More parameters can be calculated. 
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4. Practically model develops and test results. 
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