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Abstract-D2D (Device-to-Device) communications is the 

hotspot of next generation of communications technology. 

There is a challenge that how to decrease the interference 

between cellular user and D2D user. Unlike resource allocation 

and power control, the paper proposes a new method that is 

network coding to reduce the interference between the cellular 

user and the D2D user. Adding a relay in a D2D pair and use 

network coding to received data stream, then broadcast to D2D 

pair to complete information exchange. Such programs 

procedures can improve the D2D communication system 

performance, which can be demonstrated through qualitative 

analysis and extensive simulation. 
Index Terms- D2D; Network coding; system capacity; 

outage probability 

1 Introduction 

With the development of era, the demand for 

communication quality is rising. Traditional cellular 

communication due to the problem of area coverage and 

system capacity unable to meet the needs and requirements of 

people communicate. So the next generation standard LTE-

Advance proposes to use D2D (Device-to-Device) 

communication to assist cellular communication. D2D 

communication is the terminal straight technology, which 

means that neighbouring terminals can exchange information 

directly without the help of base station. The papers [1-3] detail 

discussed the D2D communication application in the next LTE. 

Studies have shown that the D2D technology has huge 

advantages in save resources and improve system capacity. 

Because there is no need for the base station to transmission 

data, it doesn’t need to allocate resources individually and can 

reuse resource with cellular users, so D2D communication can 

enhance the utilization the resources of the cellular system. 

Unlike the conventional short-range communication 

technology such as Bluetooth and Wi-Fi are used in non-

authorized band, D2D technology specifically refers to the 

technology used in the license band resource. Although the 

structure of traditional peer-to-peer network such as Ad-Hoc 

network has a great deal of flexibility and scalability, but its 

architecture is sheer distributed, so the network is difficult to 

control interference and not suitable for the high speed 

communication. What’s more, the terminal can only get the 

desired resources through competition with others, which 

results the low usage of resources. Compared with the Ad-Hoc 

network, D2D communication can control by the base station, 

which can significantly improve the resource utilization and 

optimization interference. The characteristics of D2D 

technology is short-distance communication and direct 

communication and it make D2D communication has other 

advantages, short-distance communication mode can adjust 

high-rate and low latency communication, direct 

communication can provide local data sharing service. D2D 

communication also can use the large number of terminal to 

expand the coverage of the network. 

Even though D2D communication can enhance cellular 

system performance, it still exist many problems. Because D2D 

user shares the same resources with a cellular user, it will be 

make interference between cellular user and D2D user; it will 

cause degradation in communication quality. How to 

coordinate and control the interference has become a hot issue 

in the research of D2D communication. The paper [4] analysis 

the interference affect to D2D communication. The paper [5] 

introduces the situations that D2D multiplexes the UL and DL 

resource of user respectively to control interference. The paper 

[6] proposes reasonable resources allocation to control 

interference. The paper [7-8] focuses on power control strategy 

to reduce interference. In order to improve the D2D 

communication performance and reduce the cellular 

interference, this paper introduces the network coding in D2D 

communication. Network coding was first proposes in paper [9] 

and then become a research focal point. Network coding refers 

to the ability of a node in the network to appropriated encode 

the incoming data before sending these coded the data at the 

intermediate nodes results in a substantial bandwidth 

improvement over that of a traditional store and forward 

networks. Network coding is that the relay node not just acts as 

a transmit node but also encodes the received information and 

then forward the new information to the destination.   

The paper [10] first applied network coding into D2D 

communication. This paper introduces network coding to 

complete information exchange, like traditional two-way relay 

system in cellular network, but different in the D2D 
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communication environment. The paper [11] describes the 

ordinary two-way relay performance and papers [12-13] 

analyze the performance with consideration of the noise.  

  The organization of this article is as follows: We first 

discussed the D2D network coding model in section 2.We 

analysis different scheme with and without network coding in 

section 3. Section 4 presents the simulation results that confirm 

our theoretical and section 5 is conclusion. 

2.  System Model  

The paper consider the D2D communication performance 

with network coding, the system model is shown in figure 1.In 

a single cell, there is a D2D pair which consists of node A and 

B, this D2D pair shares resource with cellular user denoted by 

C-UE. All nodes are equipped with single antenna and work in 

half-duplex mode. In D2D mode node A and node B exchange 

information through relay node R and receive node will receive 

interference from C_UE. 

 

C-UE
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Figure 1.D2D network coding system  
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Figure 2.network coding transmission and traditional transmission 

As shown in figure 2, the process of information exchange 

between A and B using network coding transmission requires 

two time slots. In the first time slot, node A and B both sent 

information to the relay R, and then, the relay receives the data 

of two source terminals, the relay forms a new packet by XOR 

like 1 2rx x x  . In the second time slot, relay R sends the 

new packet to both A and B. The node A and B can decode the 

received information by self-information 

*

1 1 2 2( )Ax x x x x    . Because this D2D pair is reuse 

resource with cell user C-UE, information transmitted in the 

above slots will be interfered by C-UE. But in the traditional 

transmission mode exchange information need four slots, the 

first slots node A transmits to the relay node and the second 

slot relay R forward data to node B; the third slot node B 

transmits to the relay node and the fourth slot relay R forward 

data to the node A. 

There may be one or more D2D pair reuse the same 

cellular user resource, so D2D communication will interference 

by other D2D pairs, we omit the analysis for this case. 

3.  D2D network coding performance analyses 

We assume that there is no direct link between A and B, 

and all the channel state information (CSI) is known. The 

transmission signal of A and B is Ax  and Bx  respectively, 

transmitting power = =A B RP P P P  and cellular user 

transmitting power is cP . The paper wills comparison of the 

two different ways.  

3.1 Network coding forward mode 

In the first slot, node A and B simultaneously to the relay 

R, the relay R not only receive node A and B data but also 

inference from C_UE, so the signal received at relay R can be 

denoted by: 

r ar A br B cr c ry h x h x h x n                    (1) 

Where ijh is the channel state information between node i 

and j. rn is the Additive White Gaussian Noise (AWGN) at 

relay R with zero mean and  average power equal 0N . cx  is 

the interference from cellular user what D2D pair share 

resource. 

In the second slot, node A and B received the data can be 

denoted by:  

=h xA ra r ca c Ay h x n                                                 (2) 

=h xB rb r cb c By h x n                                                 (3) 

Where we assume that channel state information is 

symmetry and  ra arh h .  A Bn n  is also the Additive White 

Gaussian Noise with zero mean and average power equal 0N .  

The paper comparisons of the different forward way of 

relay both AF (amplify-and-forward) and DF (decode-and-

forward) mode to forward data. if we use AF scheme here, the 

signal rx is simply amplifies receiving signal ry and 

amplification gain is G. if we take DF mode, the transmitting 

signal rx  is a new signal which contains information of Ax  

and Bx . 

397



From figure 3, we can know that DF mode has a better 

performance than AF mode. As AF mode not only amplifies 

the signal but also the noise and interference between cellular 

user and D2D user that cause system performance degradation. 

Therefore we have adopted the DF mode to forward the 

signal .Then we can derive the received signal-to-noise (SNR) 

of A and B denoted by: 

2

2

0

ra R

A

ca c

h P
r

h P N



                                                        (4) 

Similarly we also can know that node B receives SNR is: 

2

2

0

rb R

B

cb c

h P
r

h P N



                                                        (5)              

3.2 Traditional forward mode 

We can conclude that the reception signal of the node A 

and B in the traditional forward mode： 

_A t ra b ca c Ay h x h x n                                               (6) 

_B t rb a cb c By h x h x n                                               (7)  

We can know that the SNR of node A and B in the 

traditional mode: 

2

_ 2

0

ra R

A t

ca C

h P
r

h P N



                                                    (8) 

2

_ 2

0

rb R

B t

cb C

h P
r

h P N



                                                    (9) 

We assume that the total power is the same, so the relay R 

in the second and the fourth slots in the traditional forward 

mode transmit power is
2

P
. 

We can conclude the system throughput as shown in 

figure 4, the throughput of the system using network coding 

mode is higher than traditional mode. This is because using 

network coding can reduce slots for exchange information 

between node A and node B, improve the efficiency of the 

system ,so that increase the system throughput.  

Next we comparison the two different mode impact of 

system outage probability, and in order to facilitate the 

calculation we assume that 

2

1

0

ra Rh P
X

N
   

2

1

0

ca ch P
Y

N
                            

And = =R CP P P , so we can write the received SNR of A 

denoted by: 

2

1

2

10

=
1

ra R

A

ca c

h P X
r

Yh P N



                                        (10)             

In order to analyze the system performance, we assume that the 

threshold is R and system interrupt if either node of A or B is 

lower than R. Due to the distribution of A and B are 

independent, the outage probability can be written as: 

, )

1 ( ) ( )

out A B

A B

A B

P P r Rorr R

P r R r R

P r R P r R

  

  

   

（ ）

1-（                                   （11） 

With the formula (11), we can know that the system 

outage probability can be simplified to calculate without 

interrupting the probability of A and B. 

.

1

1

1

1 1

1 1

( ) ( )
+1

( ( +1))

( ( 1)) ( )

A

y

X
P r R P R

Y

P X R Y

P X R R f y dy

  

 

  

　　　　　

　　　　　

                  (12)               

Because 1X  and 1Y  are independent and identically 

distributed, they are obey random variable 
2  distribution and 

their degree of freedom is 22M . So the probability density 

function (PDF) of X and Y can be written as: 

 
1

1
1

1 1

1
exp( )

2 2
x

x
f x

r r
                                         (13) 

 
1

1
1

1
exp( )

2 2
y

c c

y
f y

r r
                                         (14)

 

Which 1

0

r = RP

N
 , 

0

r = c
c

P

N
  and   is path loss. 

= vd   And =-4V . So we can conclude that: 
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Similarly the node B can be written as: 

  2

2 2

exp
2

B

c

r R
P r R

Rr r r

 
   

  
                                  (16) 

Take (15) and (16) into (11), we can derive the final 

system outage probability. 

4 Simulation result and analysis 

We use MATLAB simulation tool to demonstrate the 

correctness of our formula. Simulation environment is a single 

cell and the distance is normalized. The distance between node 

A (B) and the relay R is 1d  ( 2d ), and the distance between C-

UE and the D2D pair source is cd .System outage probability 

as the SNR curves as figure 5 shown. 

 

Figure 3.AF and DF mode performance simulation 

       

Figure 4.Network coding transmission throughput and traditional 

transmission throughput 

 

Figure 5. Performance comparison (with and without network coding) 

System SNR shown in figure 3 varies from -10 to 20dB. 

From the figure we can know that the theoretical performance 

of D2D communication under network coding techniques 

conforms to the practice, the correctness of the derived formula 

in this article is verified. Compare to the D2D communication 

without network coding, we can see that the proposed method 

greatly reduces the system outage probability and increase the 

stability of the system. 

Here we investigate the power allocation problem, how to 

ensure the normal communication at the same time to reduce 

the power consumption. We introduce the concept of allocation 

coefficients = R

C

P

P
 , from figure 6, we can see that with the 

increase of allocation coefficient   system outage probability 

decreases. 

 

Figure 6. Allocation coefficient  

As we can see from the figure 6, the system probability 

falls vigorously when the allocation coefficient lies between 0 

and 0.1. While in the 0.1 to 1 the performance is almost the 

same. Then we can infer that the system achieves its best 

performance when =0.1
c

P

P
  . From (12) we can know the 

outage probability can be simplified to 

 

1

1

1

A v

c

P r R K
dR

d


  

 
 

 

.           (17) 

399



From (17), we can see that when   lies between 0 and 

0.1,  AP r R  will be change with the different . However 

 AP r R  tend to a fixed value when   varies from 0.1 to 1, 

which conforms to figure 6 and verify the correctness of our 

conclusion. 

5 Conclusions 

As a research of hotspot of next generation 

communication, D2D technology as traditional cellular 

communication assists communication. The paper presented a 

transmission scheme exploiting network coding as a support 

for direct D2D communication. A detail describes the D2D 

communication system in the cellular network at the presence 

of cellular interference and analyzes the performance of the 

system after the introduction of network coding. The proposed 

scheme was demonstrate through MATLAB simulation; In 

these simulations two modes with or without network coding 

were compared. The result of those simulation show that D2D 

communication with network coding has a better performance 

than D2D without network coding. At the last, we propose a 

simple power allocation method. 
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