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Abstract:  In this paper, a heterogeneous network consists of 

Device to Device (D2D) communication users and Cognitive 

Radio (CR) network users are considered. D2D users can 

communicate through licensed band or unlicensed band. 

Unlicensed band accessing D2D users are called as D2D-U users. 

CR users are using the unlicensed band for data transmission 

and they have the capability to access the licensed band when it is 

not in use. This proposed system is considering D2D-U users and 

Wi-Fi users in a local geographical area and applying scheduling 

technique for both to access the licensed band without affecting 

the licensed user’s transmission. The proposed system evaluated 

the data sum rate against number of user. The simulation results 

are generated and discussed. 
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I. INTRODUCTION 

In today’s wireless world, the vast growth in innovation of 

wireless device and applications are the main reason for the 

spectrum scarcity. Two main technologies like CR and D2D 

are introduced to overcome this problem. These two are 

working in two different scenarios. We take a small look on 

these two technologies.  

D2D communication 

In LTA network data transmission will take through base 

station only in conventional model even for very short 

distance.D2D communication is wireless communication 

techniques makes communication between two end users 

without transmitting the data to the Base Station (BS)[1]. It 

is applicable for short range communication. Dual-hop 

communication process is avoided and single-hop 

communication has been used over here. It can be 

performed through licensed spectrum and unlicensed 

spectrum too[2]. It improves the system capacity, reliability 

and spectrum utilization. It is falls under four categories as 

follows[3] 

 

Operator control-based relay: Relay operation between 

nearby device to reach the far target device is performed 

under the control of base station. 

Device control-based relaying: Relay operation between 

nearby device to reach the far target device is performed 

under the control of base station. 

Operator control-based direct communication: Direct 

transmission between two Device is performed under the 

control of base station. 

Device control-based direct communication: Direct 

transmission between two Device is performed under the 

control of device itself. 
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Cognitive Radio Technology 

Cognitive radio technology is a powerful methodology to 

solve the spectrum scarcity problem for the unlicensed 

spectrum users[4]. Most of the electromagnetic radio 

spectrum has be allocated for the licensed users such as TV, 

Airtel, jio and etc. Every little bit portion of the 

electromagnetic radio spectrum has been left open for the 

unlicensed users such as Wi-Fi, Bluetooth, and etc. [5]. Now 

a day’s huge amount of unlicensed accessing devices is 

introduced. So, spectrum scarcity problem is becoming a 

major issue in this wireless network [8].  

To overcome this problem cognitive radio technology has 

been introduced. Most of the TV licensed spectrums are not 

used or underutilized [9]. The unused licensed spectrum is 

called as white space or spectrum hole. Dynamic spectrum 

allocation is a new technique in which the spectrum holes 

can be accessed by unlicensed users and it will move to the 

next spectrum hole when the licensed spectrum users need 

the service [10]. The licensed spectrum users are referred as 

primary users and unlicensed spectrum users are referred as 

secondary users or CR users. 

II. SYSTEM MODEL 

In this proposed system, we considered one base station 

(BS), N number of unlicensed access points (AP), X denotes 

number of unlicensed users and Y denotes number of D2D-

U pairs. Number of licensed white spaces channels are 

denoted by L and band width of each channel is denoted as 

Bl. The cognitive radio technology has been used for both 

CR users and D2D-U pairs. 

  

Characteristics of Wi-Fi Channel Width: 

The amount of data transmission is very much dependent to 

the band width. Data transmission speed can be improved by 

increasing the channel bandwidth. Based on the IEEE 

802.11n, 2.4GHzand 5GHz are unlicensed spectrum band 

that can be used by unlicensed users like Wi-Fi users and 

D2D-U users. We considered 2.4 GHz spectrum band with 

11 channels that each band width is 20Hz. When we 

increase the band width, then number of channels gets 

reduced and transmission speed can be improved. 
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Figure1. System Model 

 

The above statements clearly say that unlicensed spectrum 

users are in spectrum scarcity problem. To overcome this 

problem fragment Based spectrum allocation has been 

designed in cognitive radio technology. 

Fragment Based Dynamic Spectrum Allocation 

Algorithm: 

Case 1: Sufficient unlicensed spectrum available 

Step 1: Channel request from unlicensed user to the AP. 

Step 2: Allocate one channel from the available channels 

Step 3: Repeat Step 1 and 2. 

Case 2: Insufficient unlicensed spectrum available. 

Step 1: Determine the number of CR Users 

Step 2: Determine the number of D2D-U Users. 

Step 3: Determine the available white spaces. 

Step 4: Divide the available licensed spectrum white spaces 

into two portions such as χ for Wi-Fi Users and ψ D2D-U 

users. 

Step 5: Allocate the channels for CR users with in the range 

of χ. 

Step 6:Allocate the channels for D2D-U users with in the 

range of ψ. 

Step 7: stop 

Data rate  

Data rate for the D2D- U is denoted as    and the formula 

is 

               
    -----------------------1 

Here SINR value is calculated as given for D2D-U users 

  
  

    

        
 
 

------------------------------------2 

Data rate for the CR is denoted as    and the formula is 
               

  ---------------------------3 

Here SINR value is calculated as given for CR users  

  
  

    

       
 
 

--------------------------------------4 

 

 

 

 

 

 

 

III. PERFORMANCE ANALYSIS 

Here, the efficient of the proposed system has been analysed 

with the random spectrum allocation. In the proposed 

system D2D-U users will not create interference to the Cr 

users and CR users will not create interference to the D2D-

U. Because the available white space range bandwidth is 

divided in to two separate ranges. Each user from D2D-U 

are accessing the channel within the rage and avoids the 

white space spectrum for out of range. This is same for CR 

users also. So interference SINR value will be reduced for 

both D2D-U and CR user and it leads to improvement in 

system sum rate. 

Table1. Parameters used in simulation 

Parameters Values 

D2D-U Radius 20meter 

D2D-U transmit power    11dBm 

Wi-Fi user transmit power 20dBm 

Channel Bandwidth 180kHz 

Noise 5dB 
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The Table 1 shows that the parameter used in the proposed 

work. 

 

Figure2. Sum rate Vs Number of D2D-U users 

The figure2 shows that the simulations result of sum rate 

when the number of D2D-U users increased. The proposed 

system is compared with existing system (Random spectrum 

allocation).  Obviously, when the number of users increases 

the sum rate will get reduced but proposed system achieved 

better result than the random spectrum allocation method.  

IV. CONCLUSION AND FUTURE WORK 

In this paper, first described the complete system model 

consists of D2D-U users and CR users. The proposed 

algorithm differs from all other spectrum allocation 

technique. Here white spaces are not selected randomly for 

D2D-U users and CR users. Based on the number of user 

who needed white spaces, the available white space is 

divided into two ranges. One range is reserved for the D2D-

U users and another range for the CR users. For D2D-U 

users, channels are allocated within the reserved range and 

they can’t access   the channel from the CR user’s white 

space range. System sum rate are determined for the 

proposed system and the random allocation system also. The 

simulation result shows that the proposed system achieved 

better sum rate than the random selection method. In future 

work interference rage among the D2D-U will be considered 

to determine the sum rate. 
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