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ABSTRACT 

The limited battery life of user equipment   is always one of the key concerns of 

mobile users and a critical factor that could limit device-to-device   

communications. In this work, considering that UEs may have different residual 

battery energy levels, we define the overall system survival time as the minimal 

expected battery lifetime of all transmitting UEs in a cell. We then propose to 

maximize the overall system survival time by jointly optimizing the resource 

allocation and power control   D2D links as well as conventional cellular   links. 

Subject to the transmission rate requirement of each link, the joint optimization 

problem is formulated as a mixed integer non-linear programming (MINLP) 

problem, which is solved by a game theory based distributed approach. Simulation 

results demonstrate that our game theory based RAPC approach can enormously 

prolong the overall system survival time as compared with existing RAPC 

approaches 

 

INTRODUCTION 

            Device -to-device (D2D) communications as an underlay to cellular 

networks has been considered in 5G cellular networks to enhance the spectral 

efficiency, offload traffic from base stations (BSs), and reduce the transmission 

delay for user equipment (UE) . As the D2D links and conventional cellular (CC) 

links share radio resources, the mutual interference between them becomes a 

critical problem which will aggravate both the D2D and CC links without a proper 

resource allocation and power control (RAPC) mechanism. We have proposed a 

centralized resource allocation scheme for D2D and CC links to maximize the 

spatial reuse of radio resources. In order to maximize the system throughput, game 

theory based RAPC mechanisms were studied . However, these works have not 

considered the energy consumption of UEs, which are typically with limited battery 

capacity and may be quickly out of service if the energy consumption is not 

managed properly. There have been some initial efforts in developing energy 

efficient RAPC solutions for D2D communication. In this, the energy efficient 

RAPC schemes were proposed based on convex optimization, combinatorial 

auction, branch-and bound, or adaptive genetic algorithm, respectively. With the 

same objective, authors in  decomposed the original joint RAPC problem into the 

resource allocation subproblem and the power control subproblem, and then 
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designed heuristic algorithms to solve the two subproblems, respectively. 

Nevertheless, none of these works has studied the energy saving for UEs with low 

residual energy to prolong the overall survival time of the cellular network. As the 

success of certain D2D assisted or enabled applications, such as multi hop D2D 

communications, D2D content sharing, and personal hotspot, relies on the 

sufficiently long survival of all cooperative devices, we propose to maximize the 

overall system survival time by jointly optimizing the RAPC for D2D and CC links. 

We define the overall system survival time as the minimal expected battery lifetime 

of all transmitting UEs in a cell. Subject to the available subchannels and 

transmission rate requirement of each link, we formulate the RAPC problem into a 

mixed integer nonlinear programming (MINLP) problem, which is NP-hard. In 

view of this, we propose a game theory based distributed approach to solve the 

RAPC problem, where the D2D and CC links are considered as non-cooperative 

players with the overall system survival time as their utility function. We prove the 

existence of the Nash equilibrium and propose a low complexity algorithm to 

calculate each player’s best response. Performance of the proposed game theory 

based RAPC approach is evaluated through simulation in comparison with relevant 

existing schemes. With the drastic growth of multimedia applications such as video 

sharing, tele-presence, and 3D holography, user demands for mobile services are 

undergoing an unprecedented rise. Device-to-device (D2D) communications 

underlaying cellular networks has recently emerged as a promising technology to 

offload traffic from base stations (BSs), enhance the spectrum efficiency, and 

reduce the transmission delay to user equipment (UE) . 

             The third generation partnership project (3GPP) long term evolution (LTE) 

Advanced systems have employed D2D communication for proximity services. 

The use cases of D2D communication were defined in , and the required 

architectural enhancements to accommodate these use cases were investigated in . 

Furthermore, D2D communication is expected to be an indispensable technology 

in the fifth generation (5G) mobile networks . 

One of the critical problems of D2D underlaying cellular networks is the mutual 

interference between D2D and conventional cellular (CC) links, as they share the 

same radio resources . Without a proper resource allocation and power control 

(RAPC) mechanism, such mutual interference may jeopardise both D2D and CC 

links. To address the interference between D2D and CC links, there have been 

many RAPC schemes proposed for D2D communications underlaying cellular 

networks recently . However, most of these previous works focused on how to 

maximize the spatial reuse of radio resources , system throughput ,users . 

Besides human users, it is forecasted that 5G mobile networks will also provide 

communication services for massive non-human terminal devices with very limited 

energy and battery lifetime [7]. For many future mobile communication scenarios 

like smart home network, smart power grid, or wireless sensor network, the timeout 

of only a few devices shall depress the system’s quality-of-service (QoS) 

drastically [8]. Moreover, the success of some practical D2D enabled or assisted 

applications, such as D2D content sharing, personal hotspot, and multihop 

communication, relies on the sufficiently long survival time of all cooperative 

devices in the system [9]. With these new characteristics of 5G mobile networks, 

there is an emerging need for D2D communication RAPC mechanisms to reduce 

the transmission power of the UEs with low residual energy so that the overall 

system survival time can be prolonged. Nevertheless, this problem has not been 

well investigated in the literature. 
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To fill the gap mentioned above, this paper proposes to maximize the overall 

system survival time per cell by jointly optimizing the RAPC for CC links and D2D 

links, which may reuse the radio resources of multiple CC links simultaneously. 

Considering that UEs may have different levels of residual energy, we define the 

overall system survival time of a mobile cell as the minimal expected battery 

lifetime of all transmitting UEs (including both the D2D UEs and the CC UEs) in 

the cell. As the BS usually has a greater capability in interference management than 

UEs, we assume that D2D links only reuse the uplink (UL) radio resources [10]. 

To the best of our knowledge, this work is an early attempt to address the specific 

topic of prolonging the overall system survival time in D2D communication RAPC 

scheme design. The main contributions of this paper are summarized as follows: 

We study the RAPC problem for D2D links and UL CC links to maximize the 

overall system survival time per cell, which is an emerging concern in mobile 

networks but has not been well investigated previously. Assuming that a D2D link 

can reuse the radio resources of more than one UL CC link, we formulate the RAPC 

problem into a non-convex non-linear programming (NLP) problem subject to the 

transmission rate requirement of each link.We develop a game theory based 

distributed approach to solve the RAPC problem. Unlike existing works that use 

the transmission rate or transmission power as the competing objective for each 

player (link), our RAPC game defines the overall system survival time as the 

players’ utility function. Through theoretical analyses, we prove the existence of 

the Nash equilibrium in our RAPC game. We also present how our RAPC game 

can be established in practical cells. 

For an arbitrary D2D link or UL CC link in the cell, we provide the relationship 

between its transmission rate distribution among the multiple UL subchannels and 

the minimum transmission power needed of itself or all the other links 

mathematically. Based on this mathematical relationship, we propose a low 

complexity algorithm for our RAPC game, which can calculate each individual 

player’s best response given the strategies of other players. The relationship 

identified and the algorithm proposed in this work not only are applicable for the 

D2D communications underlaying cellular networks but also can be used in more 

general RAPC scenarios where multiple links share the same radio resources.We 

theoretically analyze the computational complexity of the proposed algorithm and 

examine the performance of our game theory based approach through extensive 

numerical experiments. Experimental results verify that the approach developed in 

this paper will considerably improve the system performance in terms of overall 

system survival time. We also investigate the convergence speed of our RAPC 

game, which can provide a theoretical guidance to the protocol design for real 

mobile networks. 

 

LITERATURESURVEY 

APC for D2D communications underlaying cellular networks is a critical issue and 

deserves a thorough investigation to coordinate the interference between D2D and 

CC links efficiently. Numerous studies have been done to address this problem. 

Focusing on different kinds of system performance improvement, most of these 

works formulate the D2D communication RAPC problem from an optimization 

perspective. 

In order to maximize the spatial reuse of radio resources, authors in proposed a 

centralized resource allocation algorithm for D2D communications underlaying 

cellular networks. With the same objective, the joint mode selection and resource 
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allocation scheme, joint antenna direction selection and resource allocation scheme 

were proposed  respectively. To maximize the system throughput, a three-stage 

joint optimization of transmission admission, resource selection, and power control 

for D2D links was investigated, centralized suboptimal greedy RAPC algorithms 

were proposed . Also considering to enhance the system throughput, the semi-

distributed, distributed RAPC mechanisms for D2D communications were studied 

, respectively. A coalition formation game based throughput-optimal D2D 

communication RAPC mechanism was proposed in . 

Throughput-optimal RAPC mechanisms have also been proposed to address 

special mobile network scenarios such as D2D communications with caching , 

relay-aided transmission , energy harvesting networks , or inter-cell resource 

allocation . Although high spatial reuse of radio resources or system throughput 

can be achieved using the mechanisms in these above works, none of them has 

studied the energy consumption of UEs, which are typically with a limited battery 

capacity and require a proper management of energy consumption. 

Some initial efforts have been made in developing system energy efficiency, which 

is defined as the radio between the system spectrum efficiency and the sum 

transmission power of both D2D and CC transmitters. Using exhaustive research 

or conjecture based multi-agent Q-learning method, the joint mode selection and 

power control for D2D communications to enhance the energy efficiency were 

proposed , respectively. In this , the energy efficient joint RAPC schemes were 

proposed based on branch-and-bound, Lagrange dual decomposition, or adaptive 

genetic algorithm. Authors in  decomposed the original energy efficient joint 

RAPC problem into the resource allocation subproblem and the power control 

subproblem, and then designed heuristic algorithms to solve the two subproblems 

one by one. With the same objective, game theory based RAPC mechanisms were 

studied . Energy-efficient RAPC mechanism for device-cluster communication 

scenario was studied in  this, while energy-efficient mechanism for device-to-

multi-device communication scenario was investigated in . The authors  have 

investigated the trade-off between Throughput-optimal RAPC mechanisms have 

also been proposed to address special mobile network scenarios such as D2D 

communications with caching , relay-aided transmission , energy harvesting 

networks , or inter-cell resource allocation . Although high spatial reuse of radio 

resources or system throughput can be achieved using the mechanisms in these 

above works, none of them has studied the energy consumption of UEs, which are 

typically with a limited battery capacity and require a proper management of 

energy consumption. 

Some initial efforts have been made in developing system energy efficiency, which 

is defined as the radio between the system spectrum efficiency and the sum 

transmission power of both D2D and CC transmitters. Using exhaustive research 

or conjecture based multi-agent Q-learning method, the joint mode selection and 

power control for D2D communications to enhance the energy efficiency were 

proposed in this , respectively. In   this, the energy efficient joint RAPC schemes 

were proposed based on branch-and-bound, Lagrange dual decomposition, or 

adaptive genetic algorithm. Authors in decomposed the original energy efficient 

joint RAPC problem into the resource allocation subproblem and the power control 

subproblem, and then designed heuristic algorithms to solve the two subproblems 

one by one. With the same objective, game theory based RAPC mechanisms were 

studied . Energy efficient RAPC mechanism for device-cluster communication 

scenario was studied in this , while energy-efficient mechanism for device-to-
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multi-device communication scenario was investigated in this . The authors in this 

investigated the trade-off between the system energy efficiency and the spectrum 

efficiency and showed that when the average transmission power of D2D links 

reaches a certain level, any further increase in spectrum efficiency will degrade the 

system energy efficiency. Similar work was extended to relay-aided D2D 

communication scenarios in this. However, these works have not considered the 

necessity of energy saving for UEs with low residual energy. Thus, the system’s 

Qos may decline seriously due to the rapid depletion of a few UEs. 

In addition to spatial reuse of radio resources, system throughput, and energy 

efficiency, there are some other interesting works considering to enhance system 

fairness , cellular coverage , and link reliability . Comprehensive surveys and 

overviews of RAPC management for D2D communications were provided here . 

Also, these works have not involved how to prolong the overall system survival 

time. 

As mentioned above briefly, utilizing game theory to solve the D2D 

communication RAPC problem has become an active research topic because the 

game theory can provide a variety of mathematical tools to effectively analyze the 

individual or group behaviors of D2D and CC users. Game models can be generally 

divided into two categories: the non-cooperative games, and the cooperative 

games. In the former type, D2D and CC users are usually viewed as players 

competing to optimize their own utility function. Authors here presented a 

distributed RAPC game where each D2D link tries to minimize its own 

transmission power given the strategies of other links. Auction game based RAPC 

schemes were proposed in this . In these auction game based RAPC schemes, 

spectrum resources were viewed as a set of resource units which are auctioned off 

by the D2D and CC links. In this , authors developed a Stackelberg game based 

RAPC approach, where a CC link and a D2D link form a pair of leader and 

follower, and the follower will buy spectrum resources from its leader to improve 

its performance. In here , authors modeled the RAPC problem as a multi-player 

multi-armed bandit game and leveraged a reinforcement learning method to acquire 

each D2D link’s best strategy, which will maximize the link’s transmission rate. 

Besides the non-cooperative games, cooperative game based D2D communication 

RAPC schemes have also been explored. Here , the RAPC problem was proposed 

to be solved by coalitional games, in which each link not only tries to optimize its 

own utility function but has the incentive to cooperate with other links as well. As 

such, each link will has a larger opportunity to acquire its preferred resources. 

Different from aforementioned game theory based approaches where the players 

competing for the optimization of transmission rate or energy efficiency, each 

individual player in our RAPC game will adjust its strategy to maximize the overall 

system survival time given the strategies of other players. 

Proposed system                                                      

Device-to-device communication is a promising technology that reuses the cellular 

spectrum effectively and improves network throughput significantly; thus, the users 

whom intend to initiate D2D communication would have higher priority than 

cellular users. In cellular networks, the core networks set the fixed maximum back-

off time for the cellular users. However, in our proposal, we utilized the binary 

exponential back-off algorithm for the D2D users and defined the minimum 

contending window .(CWmin)as 1. In order to ensure the priority of the D2D UE, 

we assumed that the allowable maximum collision times is smaller than that 

defined in the LTE-Advance specification. Moreover, the selection of the binary 
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back-off algorithm simplified the design of the device because it just made few 

modifications based on the 801.11 model. In this paper, we denote p as the collision 

probability for the D2D users’ access, m as the maximum number of collisions, and 

W0 as the equivalent representation of CWmin. The binary back-off procedure can 

be considered as the two dimensional discrete time Markov process {s(t),b(t)} s(t) 

is the collision times counter and s(t) ϵ(0,m),m ϵ Z+
0.b(t) is the back-off times for 

the UE, b(t) ϵ[0,Wi-1 ],Wi =2i, and i ϵ [0,m]. The state transition diagram is 

illustrated in Figure 4.  

As Figure 4 indicates, the one step of transition probability could be written as 

 
Equation (2) indicates that the probability of reducing k to k -1 is 1, at the beginning 

of every time slot. Equation (3) calculated the probability that, after transmitting a 

frame successfully, the UE’s status is transferred 

 
Figure 4. A state transition diagram of Markov process{s( t ),b(t )}. 

from (i,0) to (0,k). Similarly, Equation (4) is the probability of UE’s status 

transferring from (i-1,0) to (i,k) after failing to transmit a frame. The probability of 

UE’s status from (m,0) to (m,k) is expressed in Equation (5) when the allowable 

collision times reached the maximum value m. We assume bi,k, presented as 

Equation (6) is the stationary distribution of the Markov process. According to 

Figure 4, we can have Equations (7) and (8). From Figure 4, we can observe 

that( bm,0 )contains two parts of transition probability, one is from (bm-1,0) to(bm,0) 

and the other is from ( bm,0 )to (bm,0). 

http://jespublication.com/


 

Vol 13, Issue 03, MARCH / 2022  
ISSN NO: 0377-9254                                  
  
 

www.jespublication.com Page No:264 

 

 
  
 
 

 

 

 
According to the stationary distribution theorem, we can obtain (bi,k) from the 

following: 

 
In addition, the summation of each stationary distribution is 1; thus, we can have 

 
Transforming Equation (11) to another expression form, we can obtain b0,0 as 
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Here, we define τ as the transmitting probability, which results in We assume that 

the procedure of D2D users’ access satisfies Poisson distribution; thus, the 

probability of k D2D UEs simultaneously initiating access requests at every access 

slot is expressed as 

 
In Equation (14), λ is the intensity of users asking for simultaneous access and N 

is the number of preambles. The access collision probability can be given as 

 
Substituting Equation (15) into (13), we can obtain 

 
When a large number of UEs start to access simultaneously, we know that frequent 

collision will occur. In this paper, we propose the control scheme to ensure the 

acceptable access probability , which is expressed as 

 
where αis the weighted factor, τ(t), and τ(t-1) is the user’s access probability at t 

and t -1 time slot and ρ is the access threshold. Based on this constraint, we could 

obtain the controllable access probability denoted by Pctrl, as expressed in Equation 

(19), which can adjust the user’s access probability in the next time slot if Equation 

(18) is not satisfied. Otherwise, Pctrl=1. 
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We evaluate the performance of the proposed game theory based approach and all 

results are averaged over 1000 random tests through Monte Carlo method. We 

compare our approach with the algorithm in [5], which maximizes the D2D links’ 

we can see the OSTsys achieved by the three approaches decreases rapidly when 

Rmax increases. This is because the average transmission rate requirement of the 

links grows as Rmax rises, and these links must adopt larger transmission power to 

achieve higher SINR at their receivers according to Shannon’s theory. The larger 

transmission power of any link will introduce greater interference to other links in 

turn and force them to increase their transmission power. Similar with Fig. 1, 

results in Fig. 2 also indicate that our approach always achieves the best OSTsys 

among the three approaches. When Rmax = 1.25Gbps, our approach can prolong 

the OSTsys by 107% and 212%, respectively, if it is compared with the algorithm 

in [5] and the CRA-RAPC algorithm 
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CONCLUSION  

This Project has investigated the RAPC problem for D2D communications 

underlaying a cellular network with the goal of optimizing the overall system 

survival time. For given D2D and CC links, an MINLP formulation as well as a 

game theory based approach are presented. We prove the existence of Nash 

equilibrium in our RAPC game and propose a low complexity algorithm to 

calculate each individual player’s best response given the other players’ strategies. 

We also demonstrate that, our approach can prolong the overall system survival 

time by about 71%-212% with comparison to existing RAPC approaches. 

In this paper, we have investigated the RAPC problem for D2D communications 

as an underlay to UL CC communications with the goal of optimizing the overall 

system survival time, where each D2D link can reuse the resources of multiple UL 

CC links. We formulate the RAPC problem into a non-convex NLP problem, 

devise a non-cooperative game theory based distributed approach to solve it, and 

prove the existence of Nash equilibrium. We also propose an algorithm to calculate 

each individual player’s best response given the strategies of other players. The 

computational complexity of the proposed algorithm is proved to be bounded in 

polynomial calculation time. Numerical results demonstrate that, when the 

transmitting UEs in a cell have quite different amounts of residual battery energy, 

our game theory based approach can prolong the overall system survival time by  

with comparison to existing schemes. Moreover, the proposed game theory based 

approach converges within around 7 iterations. 

It is worthwhile noting that in our current simulations, the initial strategies of all 

the D2D players are randomly generated. In our future work, we will investigate 

the influence of the players’ initial strategies on system performance and optimize 

the initial strategies for the considered RAPC problem. 
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