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Abstract— In a conventional cellular system, device are 

allowed to communicate directly with each other through 

base station. Device to Device communication has been an 

effective technique in cellular network, which allow two 

physically adjacent cellular user equipment to communicate 

directly by the control of base station. D2D communication 

has been proposed as a mean of increasing resource 

utilization, improving cellular coverage, higher data rate and 

low power consumption. In this paper we focus on Non-

orthogonal resource sharing strategies based on optimal 

strategy and genetic algorithm. Power allocation scheme that 

maximizes throughput subjected to transmit power 

constraints. Our scheme maximizes throughput and SNR by 

power allocation. 
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I. INTRODUCTION 

Recently, mobile data communications, particularly for 

mobile multimedia communications, have dramatically 

increased with the emergence of smart phones and various 

new multimedia applications. Hence, it is important to 

improve user experience and resource utilization by 

accommodating these resource-consuming applications and 

services. Thus device to device communication is a technique 

that provide better wireless service in local area [1]. D2D 

communications flexibly operate in multiple modes, e.g., the 

non-orthogonal and orthogonal D2D communication sharing 

modes, the cellular mode, etc. Thus, an efficient mode 

selection method is necessary to build up a good platform for 

sharing of resources and to practically exploit the 

aforementioned potential of D2D communications [2]. Now 

a day device to device communication received attention due 

to its potential of improving local service, user equipment 

communicate Over   D2D link while remaining control under 

the base station (BS)[3]. 

 
Fig. 1: D2D like as an Underlay Shares Uplink Resource of 

Multiple Cellular User 

 From fig.1: Cellular user C2, C5 and C6 provide 

potential D2D pair D1. Similarly cellular users C1, C4 

provide potential pair D2. In this way, the full potential of 

D2D communication is exploited to improve the resource 

efficiency. 

 We structure the article is as follows. First discuss 

about the fundamental network architecture of D2D 

communication. From the architecture point of view, D2D 

communication is similar to Mobile Ad –hoc Networks 

(MANETs) and Cognitive Radio Networks (CRNs) [4]. Next 

section presents the various key issues in D2D 

communication. We discuss peer discovery and mode 

selection, resource allocation, power control and 

optimization, interference control. 

II. FUNDAMENTAL NETWORK ARCHITECTURE OF D2D 

COMMUNICATION 

The basic architecture of D2D communication has three part- 

area network, network management and D2D applications. 

Aggregators are present in network architecture which collect 

data from all the D2D devices and after aggregation connect 

to the core network. Then data sent to the gateway, which 

connect to the access network (Access network may be wired 

or wireless). The devices are connect to service provider from 

the core network. 

 
Fig. 2: Fundamental Network Architecture of D2D 

Communication 

A. Types of D2D Communication 

Device to device communication has four types, 

depending on the involvement of base station. 

1) Device relaying with base station assisted controlled 

link. 

2) Direct communication between devices with base station 

assisted controlled link. 

3) Relaying device with device assisted controlled link. 

4) Direct D2D with device assisted controlled link. 

 Device to device communication may use licensed 

spectrum (In band) or un-licensed spectrum (Out band). In 

band further categorized as underlay and overlay. Also out 

band has controlled and autonomous [5]. 
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S. 

.No. 

In-Band Out-Band 

1 
Base station control, 

result better QOS. 

No control from BS. 

Thus no better QOS. 

2 

High level of 

interference between 

CU and BS. 

Interference problem 

overcome. 

3 
Result in enhanced 

spectrum efficiency. 

Does not result in 

improved spectrum 

efficiency. 

4 
Possibility of resource 

wastage. 

Easier resource 

allocation, no wastage. 

5 

No coding/decoding 

involved, only single 

interference is used. 

Coding/decoding of 

packet is essential as 

different protocols are 

used. 

Table 1: Comparison between in-Band and Out-Band D2D 

B. Types of Gain In D2D Communication 

D2D communication has four types of gain. The proximity 

gain for user equipment allow for extremely high bit rate, low 

delay and lower power consumption. The reuse gain means 

radio resource simultaneously used by cellular and D2D link. 

Another one is hop gain, in which the D2D mode use single 

link either uplink or downlink. Finally the pairing gain which 

is degree of freedom of selecting user communicating with 

BS and pairs using direct D2D link that use same frequency 

and time resources [6]. 

III. KEY ISSUES IN D2D COMMUNICATION 

A. Peer Discovery & Mode Selection 

Device discovery is first step to setup direct link, which 

should be efficient so that links are discover quickly. Peer 

discovery is the method in which UEs discover peer and D2D 

user identify the device [7]. It is perform by P2P client, use 

protocol and other network communication technique to find 

peer within the network. Peer discovery and device pairing is 

the first step of the communication .It is same as cell search 

by which user determine time and frequency parameters. 

S. 

No. 
Name of Author Methods of Discovery 

1 
Woongsup Lee et al. 

[7] 
Low power discovery 

2 

Daquan Feng. et al. 

[8] 

 

Restricted and open 

discovery 

3 
Carlos F.M. e Silva 

et al.[9] 

Discovery based on 

power vectors 

4 
Bentao zhang et 

al.[10] 

Social aware peer 

discovery 

5 
Phong Nguyen et al 

[11]. 

Network assisted 

discovery 

6 
Kingsley J. Zou et 

al. [12] 
Bluetooth discovery 

7 
Kingsley J. Zou et 

al. [12] 
Wi-Fi device discovery 

8 
Kingsley J. Zou et 

al. [12] 

Wi-Fi direct device 

discovery 

 

9 

Kingsley J. Zou et 

al. [12] 

Packet and signature 

based discovery 

Table 2: Methods of Peer Discovery 

B. Mode Selection 

Mode selection was proposed for D2D link to select their 

communication modes [2] [13]. In D2D communications, 

user equipment operate in three modes. The Reuse mode 

directly transmit data to each other by reusing some radio 

resources to enhance the spectrum utilization. In Dedicated 

mode D2D transmit data between each other by using a 

dedicated portion of spectrum to avoid interference with 

cellular user. Cellular mode is same as cellular user, the D2D 

user relay their data through the base station. 

C. Resource Allocation 

Non-Orthogonal Sharing mode (NOS): D2D and cellular 

users re-use the same resources, causing interference to each 

other. The BS coordinates the transmit power for both links. 

 Orthogonal Sharing mode (OS): D2D 

communication gets part of the resources and leaves the 

remaining part of resources to the cellular user. There is no 

interference between cellular and D2D communication. The 

resources allocated to D2D and cellular connections are to be 

optimized. 

1) Cellular Mode (CM) 

The D2D users communicate with each Other through the BS 

that acts as a relay node. The portion of resources allocated to 

each user is to be optimized. Note that this mode is 

conceptually the same as a traditional cellular system. 

 
Fig. 3: Resource Allocation in Non-Orthogonal & 

Orthogonal Sharing Modes 

D. Power Control & Optimization 

A power control phenomena minimized the used sum power 

in OFDM system that reuse by D2D link [14]. Power 

optimization is important in uplink transmission to reduce co-

channel interference and near-far effects. Setting of power 

required for reusing frequency. The design of resource 

sharing between cellular and D2D user is such that the D2D 

can achieve maximum benefit while cellular user requirement 

are always satisfied. To achieve these goal we maximize the 

throughput of D2D link with QOS by properly selecting 

transmit power. 
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E. Optimal Strategy 

We provide fully analytical characterization of optimal 

strategy. Optimal resource sharing is achieved by jointly 

optimizing the transmit power to both cellular and D2D user. 

ωi ≤ αipi     for i = 1............N                  (1) 

 We assume throughput as shown in eq. (1), So that 

the optimal resource sharing exist. The problem is feasible 

only if the QOS thresholds for cellular user should not be too 

high. They must be at least satisfied when D2D 

communication is absent. So that the optimal resource sharing 

strategy exist. 

F. Genetic Algorithm 

A standard genetic algorithm work by generating new 

“chromosomes” by mutating or combining existing 

chromosomes [15]. A chromosome represent resource block 

to communicate and power. At each iteration new children 

(offspring) produce from the parent chromosomes [16]. In 

terms of spectral efficiency, filter chromosome has higher 

chance to be selected as parent. To form new generation 

based on current generation, the genetic algorithm work with 

three operators which are proportional, crossover and 

mutation. 

 Fitness function is used to measure fitness of the 

chromosomes. The fitness value is equal to the spectral 

efficiency of the network with respect to the chromosomes. 

Power of user is optimized by calculating fitness value. 

G. Interference Control 

D2D transmission use same time and frequency resources 

that result in high mutual interference. The base station use 

high transmit power which cause high interference to D2D 

receiver [17]. Interference is critical issue from D2D link that 

can reduce the cellular capacity and efficiency. Interference 

at receiver must be minimized so that higher value of SNR 

achieved. The received signal contain three interfering signal 

component. 

Received signal= Desired signal + Outside interference 

signal + D2D interference signal. 

 In D2D communication interference occurs in both 

the sharing mode uplink and downlink .The interference 

caused in uplink cellular communication can be under control 

as compare to down link. 

IV. CONCLUSION 

In this paper, an overview of resource allocation for device to 

device communication has been represented. A complete 

overview is about the architecture network and key 

component of device to device communication. We 

characterized optimal strategy and genetic algorithm that 

D2D link reach maximum throughput with guaranteed QOS 

for cellular user. The optimal power allocation is feasible 

solution for all cases. Also the non-orthogonal sharing mode 

provides higher gain. It seen that when power control and 

joint mode selection are used with proper resource block 

allocation then overall capacity of system is improved. 

REFERENCES 

[1] J. Wang, D. Zhu, C. Zhao, J. C. F. Li, and M. Lei, 

“Resource sharing of underlaying device-to-device and 

uplink cellular communications,” IEEE Commun. Lett, 

vol. 17, no. 6, pp. 1148–1151, Jun. 2013. 

[2] K. Doppler and C. H. Yu, “Mode selection for device-to-

device an LTE-advanced network,” in Proc. IEEE 

WCNC, 2010, pp. 1–6. 

[3] C.-H. Yu, K. Doppler, C. B. Ribeiro, and O. Tirkkonen, 

“Resource sharing optimization for device-to-device 

communication underlaying cellular networks,” IEEE 

Trans. Wireless Commun., vol. 10, no. 8, pp. 2752–2763, 

Aug. 2011. 

[4] P.Gandotra, R K Jha,S Jain “ A survey on device to 

device communication Architecture and security issues. 

[5] Shah, S.T.,Hasan, S.F.,Seet, BC.et al, “Device to Device 

communication- A survey” In wires comm. (2018) 

springer.US 

[6] G. Fodor, E. Dahlman, G. Mildh, S. Parkvall, N. Reider, 

G. Miklos,and Z. Turanyi, “Design aspect of network 

assisted device-to-device communications,” IEEE 

Commun. Mag., vol. 50, no. 3, pp. 170–177,Mar. 2012 
[7] Lee, Woongsup, Juyeop Kim, and Sang-Won Choi. 

"New D2D Peer Discovery Scheme based on Spatial 

Correlation of Wireless Channel." (2016), IEEE 

Transaction on Vehicular Technology 

[8] Feng, Daquan, et al. "Device-to-device communications 

in cellular networks." Communications Magazine, IEEE 

52.4 (2014): 49-55. 

[9] Maciel, Tarcisio F., et al. "Network-assisted neighbor 

discovery based on power vectors for d2d 

communications." Vehicular Technology Conference 

(VTC Spring), 2015 IEEE 81st. IEEE, 2015. 

[10] Zhang, Bentao, et al. "Social-aware peer discovery for 

D2D communications underlaying cellular networks." 

Wireless Communications, IEEE Transactions on 14.5 

(2015): 2426-2439. 

[11] Nguyen, Phong, et al. "Network-assisted device 

discovery for LTE-based D2D communication systems." 

Communications (ICC), 2014 IEEE International 

Conference on. IEEE, 2014. 

[12] Zou, Kingsley Jun, et al. "Proximity discovery for 

device-to-device communications over a cellular 

network." Communications Magazine, IEEE52.6 

(2014): 98-107. 

[13] M. Belleschi, G. Fodor, and A. Abrardo, “Performance 

analysis of a distributed resource allocation scheme for 

D2D communications,” in Proc. 2011 IEEE 

GLOBECOM Workshops, pp 

[14] G. Fodor and N. Reider, “A distributed power control 

scheme for cellular network assisted D2D 

communications,” in Proc. 2011 IEEE GLOBECOM, 

pp. 1–6. 

[15] Hengameh Takshi, Gulustan Dogan et al. “Joint 

optimization of D2D resource and power allocation 

based on genetic algorithm” IEEE 2018. 

[16] K. F .Man, K S Tang and S Kwong “Genetic Algorithm 

concept and application” IEEE transaction on industrial 

electronics vol 43 no. 5 Oct 2015. 

[17] P. Jänis, V. Koivunen, C. B. Ribeiro, K. Doppler, and K. 

Hugl, “Interference-avoiding MIMO schemes for 

device-to-device radio underlaying cellular networks,” 

in Proc. 2009 IEEE PIMRC, pp. 2385–2389. 


