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ABSTARCT 

 In this paper we discuss about the D2D 

communication which is used to improve the 

communication rapidly. To maximize the EE, we use D2D 

in 5g networks which is key in D2D. It also reduces the 

throughput latency. We use D2D in overlay or underlay, in 

this we choose underlaid over overlaid because of high 

spectral efficiency. However, we give much attention to 

single cell scenario to which are existing technologies and 

we give less attention to maximize the EE of whole cellular 

network underlaid with D2D communication. By using 

successful transmission probability and AVSR reduces the 

interference problem which is introduced by D2D and 

cellular. The optimization problem is formulated with 

algorithms they are Branch and Bound and proposed 

derivative algorithm. To solve non-convex problem, we 

proposed a derivative algorithm, compare both algorithms 

which shows the propose derivative is lower than the BB. 

Finally, we perform simulation results by using MATLAB 

software which demonstrated that the EE with much better 

performance. 

1 INTRODUCTION 

 In present scenario we are finding a better 

communication through wireless smart devices and the 

demand grows at an un known speed ever [1]. In this we use 

the method that is device to device communication to 

increase the energy efficiency to consume less power while 

transmitting the information without loss[2].Thedevice to 

device communication is a key for future 5G 

networks[3].The device to device communication which 

connects the devices directly and it also improves the 

quality of network through put and reduces the latency and 

it is good at improving the spectral efficiency and energy 

efficiency[4]. The D2D communication it again uses 

frequencies in cellular networks [6]. The D2D 

communication is divided into two types they are in band 

and out band, in this we use in band and again the in band 

is divided into two types they are underlaid and overlaid [7]. 

In underlaid cellular and D2D share same resources. In 

overlaid the cellular and D2D they use separate resources. 

In this we choose underlaid over overlaid because it has 

high spectral efficiency. 

 At present we mainly focusing on energy 

efficiency maximization and mostly based on better 

performance we choose this technique which is device to 

device communication underlaying cellular networks. The 

existing technologies only works on single cell scenario. In 

this we use uplink or downlink to transmit and receive the 

information [8]. At present We give more attention to single 

cell scenario, we do not give much attention to multiple 

bands because in multiple bands it takes lot of power so they 

were still trying to increase the energy efficiency to 

consume less power than only we get the desired output. 

 In this paper, we Also discussed about algorithms. 

If we want the maximum energy efficiency firstly, we have 

to use the energy efficiency optimization [9]. The energy 

efficiency optimization problem is the best solution for 

getting maximum EE (energyefficiency) [10]-[12].The 

optimization means finding the best solution for a problem 

[10]. In this we use branch and bound algorithm and we also 

use successful transmission probabilities and average sum 

rate [11]. The transmission probability is used because after 

getting maximum energy efficiency the interference will be 

occurred due to this we may loss information we can’t send 

the packets through transmitter to overcome this we use 

transmission probability and average sum rate is going to 

find theaverage sum of values to get the maximum 

value[12]. 

 The optimization is based on two types they are 

convex and non-convex. The convex is better than non-

convex but we used non convex because in the process 

finding maximum energy efficiency, we proposed a 

derivative algorithm to solve non-convex problem. After 

performing we compare both algorithm and we choose 

better algorithm which shows less computational 

complexity. We done this process by using simulation, we 

generate the graph by using MATLAB software after 

generating the graphs we compare the graphs and choose 

the best one. 
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II SYSTEM MODEL 

 

Figure 1: system model of whole cellular network 

underlaid with D2d communication 

In this paper the figure shows the whole cellular network 

underlaid with D2D communication [13]. The D2D users 

are distributed on a 2-dimensional plane R2 and cellular 

users share the same bandwidth in uplink direction. In this 

the Base station is used to allocate the resources to the whole 

cellular network underlaid with D2D communication. 

 At present we are seen that the existing works only 

on single cell scenario, but at present we are trying to get 

work on multiple bands that means at a time it transfers the 

data to multiple devices. The C and D denotes the cellular 

and device to device to communication and the total 

bandwidth of ith band is Wi and it is divided in to M sub 

bands. The bandwidth of each sub band is Wi i=1,2,3…M, 

having these parameters the channel fading may vary ad the 

power transmission is adjustable and it also improves the 

energy efficiency [14]. The both cellular and D2D is divided 

in to sub bands so they can use these subs and with density 

lambda Ci and lambda Di. For each there is a different 

density and if we use more bandwidth for both users, the 

multiple users are allowed to transmit and the density is also 

increased. 

 The transmission power allocation for ith band for 

cellular users 𝑃c,𝑖and the total transmission power Pc. 

∑ 𝑃c,𝑖 = 𝑃c

𝑘

𝑖=1

 

 Similarly, the transmission power for ith band for 

D2D users𝑃d,𝑖and total transmission power for D2D Pd. 

∑ Pd,i = Pd

k

i=1

 

 We consider the channel model as a channel path 

loss and small-scale channel fading, which represents the 

Rayleigh fading. To observe the performance of cellular and 

D2D of whole network we focus on typical receiver without 

los, the typical receiver for D2D and typical base station for 

cellular [15]. Whatever the received power for both devices 

obtained by considering small and large scale fading it is 

expressed as  

𝑃𝑟 = 𝑃𝑡δ𝑅−𝛼 

 Where Pt is the power transmission,δ represents 

the Rayleigh fading, R represents the distance between 

transmitter and receiver,PR represents the power received 

for cellular and D2D users and α denotes the path loss 

exponent. 

IIIEEOPTIMIZATION PROBLEM 

 In this the optimization is used with other 

formulations they are successful transmission probability 

and average sum rate. By using those expressions, we 

remove interference problem, then we get the formulation 

for energy efficiency optimization. 

A. Successful transmission probability: 

 When we transfer the information the interference 

problem will be occur in receiver, the interference will be 

introduced by both cellular and D2D communication. By 

analysing the network performance is characterized by 

successful transmission probability which is the receiver 

receive the information successfully without loss [16].Thus, 

signal to interference plus noise ratio to base station for ith 

band. 

𝑆𝐼𝑁𝑅𝐶,𝐼 =
𝑃𝑐,𝑖δ𝑐,00 𝑅

−𝛼
𝑐,00,𝑖

∑ 𝑃𝑐,𝑖𝐽𝜀𝜙𝑐,𝑖
ծ𝑐,𝑗0𝑅𝑐,𝑗0,𝑖

−𝛼 + ∑ 𝑃𝑑,𝑖𝐽𝜀𝜙𝑑,𝑖
ծ𝑑,𝑗0𝑅𝑑,𝑗0,𝑖

−𝛼 + 𝑁0
 

  

 Where δ𝑐,00 and 𝑅−𝛼
𝑐,00,𝑖denote the Rayleigh 

fading coefficient and the distance between the typical BS 

and the corresponding cellular user in the ith band, 

respectively. Similarly, ծ𝑐,𝑗0and𝑅𝑐,𝑗0,𝑖
−𝛼

 stand for the 

Rayleigh fading coefficient and the distance between the jth 

cellular user and the typical BS in the ith band. 

ծ𝑑,𝑗0and𝑅𝑑,𝑗0,𝑖
−𝛼

 are the counterparts for D2D 

communication. Finally,𝑁0 is the thermal noise. 

B. Average sum rate: 

 The average sum rate is obtained by using energy 

efficiency,[17] the EE is defined by dividing the average 

sum rate by total power consumption the total power 

consumed in D2D communication for ith band which is 

expressed in  

EEd,i =
ASRd,i

λd,iPd,i
 

C.EE optimization problem 
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In this we formulate the EE optimization problem and we 

obtain the maximum energy  efficiency. 

To obtain the better quality of communication, the 

probabilities should be less than the threshold values. 

1 − Pr (SIRc,i ≥ Tc,i) ≤ θc,i, 

1 − Pr (SIRd,i ≥ Td,i) ≤ θd,i, 

Where θc,i and θd,i are the probabilities for cellular 

transmission and device to device to communication for ith 

band. But the power transmission for D2D it can’t hold 

interference much longer in that case the network is very 

difficult to coordinate [18]. In that situation the base station 

will reduce the D2D users to access until the probabilities 

become small. 

When the sum of power for D2D communication should be 

equal to total transmission power then only it should be 

satisfied. 

The power in the ith band should not be less than zero and 

it should not be greater than upper bound and it is 

represented as Pd,i,up. 

Then we get 

0 ≤ Pd,i ≤ Pd,i,up. 

The optimal resource allocation mainly is used for to 

maximize the energy efficiency, finally we obtain the 

maximum EE. 

IVBRANCH AND BOUND ALGORITHM 

  In this we used branch and bound 

algorithm on the purpose of how to maximize the energy 

efficiency for device to device to communication 

underlaying cellular networks [19]. 

Branching: 

 In this we initially check the device to device users 

nearby base station by determining the distance between the 

user and the user terminals, if the user in the line of the sight 

region then we considered as them as a device to device 

users [20]. After that we form the network with base station 

and we choose the node then we transmit those nodes. After 

finding the optimal solution it is formed as a tree with levels, 

each level comparable to one cellular link and each node 

form sub nodes and it distributes to cellular link [21]. After 

that we take away the underlaying sub nodes if the new node 

is smaller than the upper bound and it will be done in the 

non-decreasing order [22]. 

Bounding:   

 In this we calculate the lower bound of current 

node, if node is empty and upper bound larger than the 

lower bound, then we replace the upper bound with lower 

bound. All branching procedures are completed and upper 

bound is zero. 

Flow chart for branch and bound 

 

 

Figure 2: Flowchart for Branch and Bound 

Flow chart description 

Step1 first we form a network transformation  

Step 2 after network transformation with base station we 

chose the node 

Step 3 in this we transmit the nodes directly 

Step 4 the nodes will be generated  

Step 5If resources are available then goes to the D2D 

communication 

Step 6If the solution is optimal then it goes to the next step 

otherwise it goes to termination state. 

Step 7In this the power transmission for cellular and D2D 

probabilities should be less than the threshold values  

Step 8If above condition is true then it goes to the next step 

in that it should not be less than zero and not more than 

upper bound. 

Step 9Then we obtain the maximum EE and finally in 

performance analysis the receiver will receive the 

information without loss and we obtain the graph by using 

MATLAB software. This is the end of the process. 
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PROPOSED DERIVATIVE ALGORITHM 

 To solve the non-convex problem, we proposed a 

derivative algorithm. Then we compare both algorithms to 

get the better solution.  

Flow chart for proposed derivative 

 

Figure 3: Flowchart for Proposed Derivative 

method 



ISSN: 2249-6661 

Vol-43, No.-04 (IV) July-September (2020) 

Sambodhi 

(UGC Care Journal)   

 

         40 

 

Flow chart description 

Step1 initialize the threshold value 

Step2 calculate the power transmission of D2D users for ith 

band.  

Step3 after calculating we get the maximum Pd,i. 

(Pd,i=Pdmax) 

Step4 in order to achieve the least reduction in EE we have 

to adjust the value of Pd,i to meet the equality constraint. 

Step 5 consider ‘n’ as a parameter which checks the balance 

between computational and performance. Hence according 

to the practical requirements, we can adjust the value. 

Step6 we consider deri variable to set a value to save. it is 

used to select appropriate value for Pd,j in further steps. 

Step 7 we set a threshold value instead of a counter to exit 

the loop. Because if Pd,j is selected in current iteration it 

may exceed the feasible region in such case we need to go 

for another Pd,j to adjust another iteration. This situation is 

unpredictable and iterations are not determined either. 

Step 9 and 10 after the all adjustment if Pd,j is overstepping 

the feasible region then we set derj to infinite such that j will 

not be chosen in step 8. Such that we prevent the occurrence 

of an endless loop. 

Step 13 in this we update derj variable instead of every deri 

variable because for i=1,2,3…k and not equal to j deri 

remains unchanged after adjusting Pd,j. 

V. SIMULATION RESULTS 

 In this we perform the simulation results using 

MATLAB software, we perform the EE of D2D 

communication with different network parameters. The 

parameters are bandwidth of ith band Wi and total 

transmission power Pd are included in table. 

 

 

 

 

 

 

 

 

TABLE: Simulation Parameters 

 

Fig 2 The EE of D2D communication against the reference 

density of D2D users. 

 This figure is achieved by proposed derivative 

algorithm. Which is EE of D2D communication against 

reference density of D2D users. The EE raises and then it 

slowly decreases and D2D users increases. The D2D users 

increases because, the interference is introduced while 

sharing the spectrum. In this Case the interference is not 

much effected and it results in higher EE. But when 

reference density of D2D users increases rapidly, the chance 

of interference becomes severe and EE is also decreasing 

due to more power consumption. We can also absorb that in 

graph if cellular users increase the EE decrease. This leads 

to more occurrence of interference. The EE decrease when 

more power is consumed. 
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Parameter  Value 

K 5 

Wi 20MHz 

Α 4 

θc,i 0.1 

θd,i 0.1 

Tc,i 0db 

Td,i 0db 

[Rc,00,1,Rc,00,2,….,Rc,00,5] [50,60,70,80,90]m 

[Rd,00,1,Rd,002,…Rd,00,5] [10,20,30,20,10]m 

[λc,1, λc,2, · · · , λc,5] [10,1,10,10,10]x 

10−5user/m2 

[λd,1, λd,2, · · · , λd,5] [10, 1, 10, 10, 

10]x10−4user/m2 

Pc,i 100mW 

Pd 60mW 

Pd,i,up 20mW 

Ε 1 × 10−3 
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Fig 3 EE against D2D power 

 This fig illustrates that the graph between D2D 

power and EE. at first the D2D power for ith band feasible 

region increases and it is considered as maximum point. 

This situation is divided in to 3 categories. In first, the 

feasible region is on the left of dash line. Then the feasible 

region of D2d power for ith band increases and it reaches 

maximum point. In second, the global maximum point is 

within the feasible region. In third the feasible region is on 

right side, and its starts decreasing on feasible region. hence, 

we get maximum D2D power.  
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