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Device-to-Device Communication with Network Coding and Relay 
Tian Gaohui, Zhang Zhongpei, Wei Ning, Cui Ling, Ran Xiaogang
University of Electronic Science and Technology of China 

ABSTRACT
Device-to-device(D2D), as one key technology of next wireless communication, is studied by many organization and colleges. So is the network coding technology. D2D with network coding and relay is studied by some articles. However, those articles mainly study the traditional D2D with network coding and relay, as showed in Fig.1. They ignore the benefit of relay node. This article gives a solution to this problem. Aimed at being compatible with existing LTE system, D2D communication range is limited with low communication power. To enlarge communication range of D2D, network coding and relay is applied. What’s more, the proposed mechanism can enhance the relay user’s communication quality, as well as enlarge the range of D2D communication and the communication quality.

[image: ]
Fig.1 Traditional D2D communication with network coding and relay

IMPLEMENTATION PROCESS
The proposed mechanism is mainly for the following scene: D2D users’ distance is larger than the normal D2D communication range, which is to protect the normal cellular communication. As illustrated by the Fig.2, one normal cellular user is in the range of normal D2D communication of two D2D users. That is >（ means the distance of normal D2D communication, while ， is less than . To fulfill the proposed mechanism, following steps are required for one successful communication of three users, assuming user 1 is communicating with user 2 in D2D model, while user 3 is normal cellular user communicating with BS in TDD:
1) : User3 sends , which is the user3’s data to BS; 
2) : User1 sends , which is the user1’s data to user2;
3) : User3 sends , which is the data of above two users. Here + means GF(2), that is xor. 
4) : User3 sends , which is the user3’s next data to BS; 
5) : User2 sends , which is the user2’s data to user1; 
6) : User3 sends , which is the data of above two users. Here + means GF(2), that is xor. 
Notes: User3 is relay cellular user.


Fig.2 Scene of proposed D2D communication with network coding and relay
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Fig.3 Flow path of proposed D2D communication with network coding and relay

Simulation, Analysis and Proposals
· Simulation Scenario
To test the proposed mechanism, we make one simple scenario. Here use the single carrier, in fact, result is same with multi carriers, too. Assuming in TDD communication, time-division-multiple-access(TDMA) is accepted. Here use the Rayleigh channel model with white Gaussian noise and path loss: 
								(1)
Where  is user’s data to be sent, while  is the Rayleigh channel parameter and  is the white Gaussian noise. Path loss  comes from WINNER 2’s city community environment parameters, as showed below:
                         (2)    
Where  is the distance of two terminals, in meters.  is carrier frequencey, in GHz, here we use typical value of 2GHz. Parameters of A, B, C and X is environment parameters, considering aforementioned environment, they are:  
A=22.7 	B=41	C=20	X=0 					      (3)
Then, we change the path loss formula into linear model from logarithmic form (2):
                                          (4)
Where,  is the linear model of path loss, and:
                                                           (5)
· Structure of transmitter and receiver
In the proposed communication model, users and BS’s receiver should be changed in some aspects. Meanwhile, user3’s transmitter should be changed in some aspects, too, to implement the proposed communication.
The structure of transmitter: in the proposed communication, user1 and user2 cache their data after send their data, for the new data to receive. This change is easy to deal with. But, user3’s transmitter should wait for user1 (or user2)’s data, then code the data with user3’s data, and send the coded data after channel coding and modulation. User3’s transmitter structure is given:
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Fig.4 Structure of User3 for the proposed D2D communication
The structure of receiver: in the proposed communication, user1, user2 and BS should cache their last data for right network decoding, then operate channel decoding after demodulation. Besides, best decision device adopt the signal to minimize Euclidean distance, considering channel coding. That is  satisfying formula (6):
           (6)
Where,  and  is received data, while  is another data according  and network coding. Receiver’s structure is given:
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Fig.5 Structure of receiver for the proposed D2D communication

· Results and Analysis
In our simulation, we mainly focus on the performance of relay user.
· Simulation with no path loss
In this simulation, we compare the proposed communication with normal cellular communication. We regard the Bit Error Rate (BER) of relay user at BS as our index, with different Signal Noise Ratio (SNR). The channel model is aforementioned channel with path loss parameter 1, carrier frequency 2.0 GHz and BPSK modulation. As the resource utilization rate is same, we don’t consider channel coding. What’s more, we consider two simulation scenes: one is BS getting user1’s data through white Gaussian channel (with possible wrong bits of user1’s data), the other one is BS getting user1’s data error freely (with none wrong bit of user1’s data). Here is the result:
[image: E:\项目\D2D\提案（Myself）\基于网络编码和中继的D2D通信\仿真\基站通过接收了解用户1的数据.jpg]
Fig.6 Relay user’s BER at BS without path loss, and BS gets user1’s data through white Gaussian channel (with possible wrong bits of user1’s data).
[image: E:\项目\D2D\提案（Myself）\基于网络编码和中继的D2D通信\仿真\基站完全了解用户1的数据.jpg]
Fig.7 Relay user’s BER at BS without path loss, and BS gets user1’s data through error freely (with none wrong bits of user1’s data).
Through above results, we can see that the proposed D2D communication is worse than normal cellular communication when BS gets user1’s data through white Gaussian channel (with possible wrong bits of user1’s data). In fact, it is as we expected, since this simulation is under none path loss. Then we give the next simulation with path loss.
· Simulation with path loss
In this scene, parameters are same with above simulation, but path loss is considered here. And we assume BS is original point, making a normal two dimensional coordinate. Let user1 at (-/8,/8), user2 at (/8,/8), while user3’s position is changing at y positive coordinate. And with the different distance, the transmitting power is different as the fact, but both normal cellular communication and proposed network coding communication is same about SNR. Here is the result:
[image: E:\项目\D2D\提案（Myself）\基于网络编码和中继的D2D通信\仿真\用户3离基站的距离改变导致BER的改变.jpg]
 Fig.8 Relay user’s BER at BS with path loss, and BS gets user1’s data through mentioned channel model (with possible wrong bits of user1’s data).
As showed in the picture, BER difference between normal cellular communication and proposed D2D communication with network coding and relay is a convex function. At about /3 distance, the BER difference is max. In fact, this max point is different with the distance of user1 But, when relay user is too close to BS, BER of proposed D2D communication with network coding and relay is bigger than normal communication. This is because BS gets user1’s data with some bits wrong. We can find that relay user is the far away from BS, the better the proposed D2D communication with network coding and relay will be.

· Proposals
As showed in the results, the proposed D2D communication with network coding and relay can enlarge the range of D2D communication, as well as enhance the performance of relay user when relay user’s distance from BS suits some relationship between D2D users’ distance from BS. Here are the proposals:
Proposal 1: D2D communication with network coding and relay can enlarge the range of D2D communication.
Proposal 2: D2D communication with network coding and relay can enhance the performance of D2D users.
Proposal 3: When relay user’s distance from BS suits some relationship of D2D users’ distance from BS, the proposed D2D communication with network coding and relay can reach the max point of performance enhancement. When relay user’s distance from BS is smaller, traditional D2D communication with network coding and relay, as mentioned in ABSTRACT, is better.

CONCLUSIONS
This article discusses one different D2D communication with network coding and relay from traditional D2D communication with network coding and relay. Through simulations, we can conclude those proposals:
Proposal 1: D2D communication with network coding and relay can enlarge the range of D2D communication.
Proposal 2: D2D communication with network coding and relay can enhance the performance of D2D users.
Proposal 3: When relay user’s distance from BS suits some relationship of D2D users’ distance from BS, the proposed D2D communication with network coding and relay can reach the max point of performance enhancement. When relay user’s distance from BS is smaller, traditional D2D communication with network coding and relay, as mentioned in ABSTRACT, is better.

REFERENCES
【1】R. Alshwede, N. Cai, S.-Y. R. Li, and R. W. Yeung, “Network information flow”, IEEE Trans. Inform. Theory, pp. 1204–1216,July 2000.
【2】Marcin Rodziewicz ，“Network Coding Aided Device-to-Device Communication”


 (
7
)	  
image1.png
i~

: @f)





image2.emf
D

2

D

Relay

UE1

UE2

BS


oleObject1.bin
D2D



image3.emf
Phase Ⅰ

Relay

UE1

UE2

BS

Phase Ⅱ

Relay

UE1

UE2

BS

Phase Ⅲ

Relay

UE1

UE2

BS

Phase Ⅳ

Relay

UE1

UE2

BS

Phase Ⅴ

Relay

UE1

UE2

BS

Phase Ⅵ

Relay

UE1

UE2

BS


image4.jpeg
Relay User's BER at BS

Relay User's BER at BS without Path Loss

I

—*— BER of normal celiuiar communication

—*— BER of proposed D2D communication with network coding and relay





image5.jpeg
Relay User's BER at BS

Relay User's BER at BS without Path Loss

T T T T

—*— BER of normal celiuiar communication
—*— BER of proposed D2D communication with network coding and relay

152

SNR

25 ] &5 4

45




image6.jpeg
Relay User's BER at BS

Relay User's BER at BS with Pass Loss

L —*— BER difference between above two BER

T I T
—*— BER of normal celiuiar communication :

—*— BER of proposed D2D communication with network coding and relay

5 10 15
Relay User's distance from BS (in Ic/24, where r, is celf’'s radius)

20

25




