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Abstract. D2D communication technology can effectively alleviate congestion in traditional 

cellular networks. D2D resource allocation is usually carried out simultaneously with mode 

selection. Effective resource allocation can significantly reduce interference, save power and 

maximize throughput. In this paper, we propose an improved joint optimization scheme of mode 

selection and resource allocation. In terms of mode selection, we integrate the exist working 

mode of user devices, and improve the service quality of user devices by using cooperative relay 

technology. In terms of resource allocation, we use a heuristic algorithm to allocate channel 

resources for each user with the goal of maximizing system sum rate. Experimental results show 

that compared with existing algorithms, the joint optimization scheme proposed in this paper can 

effectively improve the system sum rate and the service quality of users. 

Keywords:  D2D, mode selection, power control, resource allocation 

1 Introduction 

In traditional cellular networks, users usually communicate with each other through the base station. 

Device-to-Device (D2D) communication in 5G cellular networks is a promising technology, user 

equipment can communicate with each other directly without data pass through the base station. This 

technology can reduce power consumption and delay, thereby improving the overall network throughput. 

The working mode of D2D user equipment can be divided into reuse mode, direct mode and cellular 

mode. Many works have proposed resource allocation schemes using different methods for D2D user 

equipment in LTE-A system.  

The authors of [1] proposed a general three-dimensional model to investigate the performance of D2D 

communication. The simulation results verify the accuracy of the proposed model. The authors of [2-3] 

proposed a general three-dimensional model of heterogeneous networks (HetNets). These three-

dimensional models provide a reference for the following research. The authors of [4] introduced mode-

mixed D2D communication, which requires little signaling overhead, and has low computational 

complexity. The D2D mode selection problem for user mobility analyzed theoretically in [5]. The authors 

of [6] investigated the mode selection of D2D communication in cellular networks for the purpose of 

energy saving. The authors of [7] proposed a mode selection scheme of D2D communication that 

consider user mobility. The authors in [8] enhanced the traffic offloading capacity of cellular-assisted 

D2D communications, considering D2D relay at the same time. The author of [9-10] proposed an 

algorithm that decomposes resource allocation problems into two sub-problems: mode selection and 

channel assignment. The simulation results show that the algorithm can effectively improve the 

transmission rate of D2D users. However, the above model selection schemes are not combined with 

effective resource allocation schemes, so these schemes need to be improved. 

In [11], social and physical properties of D2MD clusters are considered, and a content sharing D2MD 

scheme for cellular networks was proposed. The authors of [12-14] proposed a dynamic distributed 

resource sharing scheme. The authors of [15-16] investigated the problem of energy-efficient uplink 

                                                           
* Corresponding Author 



Journal of Computers Vol. 31 No. 5, 2020 

177 

resource sharing for D2D communication under cellular networks with multiple potential D2D pairs and 

cellular users. In [17], a location-based resource allocation scheme was proposed. The resource allocation 

problem of using LTE-A networks uplink resources in D2D communication were proposed in [18]. The 

maximum weighted bipartite graph matching method was used to find suitable resources and reuse 

devices for network users. However, the above resource allocation scheme does not consider the working 

mode for users, so the system performance is not optimal. The authors of [19] investigated an 

interference control and resource allocation algorithm for D2D communication in a single-cell cellular 

system. The proposed algorithm can significantly improve the throughput of the system and the access 

rate of D2D users. The authors of [20] studied the joint mode selection, resource group (RG) allocation 

and power allocation of D2D underlay cellular communication system. However, these joint schemes 

still have some limitations on algorithm and need to be improved.  

In summary, the mode selection algorithm in most papers only focuses on the following D2D modes: 

cellular mode, dedicated mode and reuse mode. Actually, dedicated mode and reuse mode both belong to 

direct D2D communication mode. That is, the transmitters and receivers of D2D users transmit data 

directly. However, the direct mode may not make full use of the resources in LTE-A system due to its 

limited traffic offloading capacity. Sometimes the transmitters and receivers of D2D users may be unable 

to communicate with each other directly due to some reasons. For example, the distance between them is 

too far or the link quality is too poor. Consider to fully utilize the traffic offloading capacity of D2D 

communication in LTE-A systems, relay-assisted D2D transmission should be added to extend the range 

of D2D communication.  

Therefore, after referring to the shortcomings of existing papers. We propose a joint optimization 

scheme for mode selection and resource allocation, which consider the mobility of user equipment and 

improve the working mode of user equipment. Unlike other papers, this paper does not consider one 

aspect of mode selection or resource allocation unilaterally. Our goal in this paper is to improve the link 

quality of user equipment and expand the communication range. The dedicated mode and reuse mode are 

combined in the mode selection, and the relay-assisted mode is added by using cooperative relay 

technology. The working mode of user equipment is divided into three types: direct mode, relay-assisted 

mode and local routing mode. The resource allocation is carried out with the goal of maximizing the 

system sum rate, and heuristic algorithm is used to solve the optimization problem.  

The rest of the paper is organized as follows: in the second section, the system model is introduced. In 

the third section, the problem of mode selection is formulated. In the fourth section, the resource 

allocation plan is introduced. The simulation results are given in section five and the conclusions are 

given in section six.  

2 System Model 

We consider a single-cell cellular network scenario, where eNB at the center and all mobile users are 

randomly distributed. We focus on user equipment moving at a small but different speed for a fixed 

period of time. In order to make the transmission link orthogonal, the transmission bandwidth is 

normalized to be one. In addition, the transmission channel model includes path loss, Rayleigh flat fading 

and power spectral density of additive Gaussian noise. In this case, user equipment uses D2D underlay 

communication to transfer data. Here, we use a peer-to-peer discovery scheme to identify D2D candidate 

users. Assume the process of peer-to-peer discovery and device pairing has been implemented in advance. 

Moreover, the remaining users are regular cellular users. The system model is shown in Fig. 1.  

Here, we focus on the underlying D2D communication scenario of uplink resource sharing. There are 

three modes: direct mode, relay-assisted mode and local routing mode. In direct mode, transmitters and 

receivers communicate with each other directly. In relay-assisted mode, transmitters and receivers 

communicate with each other through the relay user equipment. In local routing mode, transmitters and 

receivers communicate with each other using the eNB as a relay, but data will not pass through the core 

network. In other words, the eNB in here is used as a relay station. Obviously, the latter two modes 

should operate under control of eNB. The cellular users are denoted by M, the D2D users are denoted by 

N and the channels are denoted by K. That is [ ]1 2
,  ,   

M
M m m m∈ ⋅⋅ ⋅ , [ ]1 2

,  ,   
N

N n n n∈ ⋅⋅ ⋅  and 

[ ]1 2
,  ,   

K
K k k k∈ ⋅⋅ ⋅ .  
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Fig. 1. Network model, in which there is a cellular user with three modes of D2D user 

According to the analysis of network model, the SINR of cellular users can be expressed as: 
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The SINR of D2D users working in relay-assisted mode is expressed as: 
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The SINR of D2D users working in local routing mode is expressed as:
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The data rate of cellular users and D2D users in three modes are expressed as follows: 
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B represents the channel bandwidth. Therefore, the mathematical expressions of system sum rate and 

their constraints can be expressed as: 

 1 2 3

, , , , , , ,
1 1

max[ ( )]
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m n
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Equation (10a), (10b) and (10c) define a mode identifier, which is binary variable. If the D2D users 

belong to mode one, 
,

1
n k

α = ; otherwise 
,

0
n k

α = . If the D2D users belong to mode two, 
,

1
n k

β = ; 

otherwise 
,

0
n k

β = . If the D2D users belong to mode three, 
,

1
n k

γ = ; otherwise 
,

0
n k

γ = . Equation (10d) 

limits each D2D user belongs to only one of these modes. Equation (10e), (10f), (10g) and (10h) limit the 

transmit power of cellular users, and the transmit power of D2D user is greater than its minimum transmit 

power.  

3 Mode Selection Scheme 

For mode selection, D2D user equipment can operate in multiple modes, and different modes have 

different benefits. For example, cellular mode can simplify the procedures of interference management, 

and the reuse mode can make full use of cellular resources. Therefore, it is important to choose the 

appropriate mode for each D2D user equipment. According to the mode selection criteria, the exist 

methods are divided into several categories. For example, minimize energy consumption, minimize 

power consumption and maximize cellular achievable rates, etc.  

In order to improve the D2D communication capability of LTE-A system with the help of relay, three 

D2D modes are included in this paper. The first is the direct mode, the second is the relay-assisted mode 

and the third is the local routing mode. As for mobility, we consider the user moving in a fixed period. It 

has a small but different speed, and network settings can be changed base on current state. For example, 

add a new user, remove existing users and change channel conditions, etc. Our algorithm has the 

following characteristics: (1) It will repeat the test periodically as time goes by, enable users to 

periodically reset their history, and make sure the algorithm adapts to the changing environment. (2) 

There is a periodic channel state information measurement and reporting procedure between the user and 

the eNB, users can adjust these changes in a timely manner. (3) Cellular users and D2D pairs are 

randomly selected to simulate the complexities of the actual scene. Therefore, our algorithm is 

implemented in a distributed way, and it is robust to dynamic communication environment.  
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The proposed joint schemes maximized the total end-to-end data rate of all D2D pairs in each 

subframe. Therefore, each D2D pair selects the D2D mode with the largest end-to-end data rate as the 

best communication mode. The specific mode selection process can be described as follows: first, based 

on the channel state information reported, eNB calculates the maximum end-to-end data rate that can be 

achieved on each channel resource in three D2D modes. The data rate of direct mode is denoted as 
1
r , the 

data rate of relay-assisted mode is denoted as 
2
r  and the data rate of local routing mode is denoted as 

3
r . 

After estimating the realizable end-to-end data rates of D2D pairs in three modes, eNB compares the 

estimated results, and choose D2D mode with the maximum end-to-end data rate as the communication 

mode. For D2D pairs, if { }1 1 2 3
max ,  ,  r r r r= , then select the direct D2D mode; if { }2 1 2 3

max ,  ,  r r r r= , 

then select the relay-assisted D2D mode; if { }3 1 2 3
max ,  ,  r r r r= , then select the local routing mode. 

According to this rule, the eNB can make a mode selection decision for each D2D pair, and it also 

obtains an estimated end-to-end data rate for each D2D pair. The complete mode selection algorithm is 

shown in algorithm 1. 

 

Algorithm 1. mode selection 

1. Initialization: CUE { }m  is a cellular user, D2D { }n  is a D2D user pair. 

2. for 1:i n=  

3. select the farthest cellular user which is not shared resource as the shared object. 

4. calculate the transmit power P  

5. if 
max

P P≤  

6. shared mode mode(i) 

7. else 

8. if { }1 1 2 3
max ,  ,  r r r r=  

9.        direct mode=mode(i) 

10. else if { }2 1 2 3
max ,  ,  r r r r=  

11.        relay-assisted mode=mode(i) 

12. else 

13.        local route mode=mode(i) 

14. end if 

15. end if 

16. end for 

 

4 Resource Allocation Scheme 

In this paper, resources refer specifically to cellular link resources. Realize the intelligent allocation of 

shared cellular resources, improve the reuse coefficient of the reuse system and combat frequency 

selective fading are key issues in D2D communication. Technically, these problems can be expressed as 

mixed integer programming problems or iterative combinatorial competitive problems. Power control is 

generally regarded as one of the most important interference management techniques. By coordinating 

the power of potential D2D pairs and cellular users, their QoS performance can be guaranteed and more 

potential D2D pairs can be allowed to reuse cellular resources. However, most papers only consider 

optimization of D2D user equipment or cellular user equipment for ease of implementation, and some 

papers only use fixed power to optimize D2D pairs.  

This paper reduces interference through effective resource allocation. Resource allocation shall ensure 

that the resources allocated to the D2D pair are continuous, and the transmission power of the D2D pair 

is equally distributed on all resources. The core idea of resource allocation is that D2D pairs with higher 

end-to-end data rate should have higher priority, and it’s more likely to be allocated resources. In order to 

maximize the total end-to-end data rate of K resources, the resource allocation strategy is divided into 

two stages. Allocate resources for all D2D pairs in the first stage allocation. If there is still having D2D 

pairs of direct/relay-assisted mode with no resources allocated in the first stage allocation, then start the 

second stage of resource allocation. Allocate resources to these D2D pairs of direct/relay-assisted mode. 
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The first stage of resource allocation begins immediately after the mode selection stage, which is 

performed based on the expected end-to-end data rate of the D2D pairs. Let 
1 2
,  ,   

k
R R R⋅ ⋅ ⋅  denote the 

data rate of D2D pair, respectively. Let 
1 2
,  ,   

k
CH CH CH⋅ ⋅ ⋅  denote the channel resource, respectively. 

We can describe the first stage of resource allocation as follows.  

The eNB first rearranges D2D pairs in descending order of the end-to-end data rate. The order of the 

D2D pairs after rearrangement is expressed as 
1 2
,  ,   

k
n n n⋅ ⋅ ⋅ . The corresponding data rate is 

1 2
  

k
R R R> > ⋅⋅⋅ > . Then eNB begins resource allocation and directly assigns 

1
CH  to the D2D pair 

1
n . 

For 
2

CH , the eNB first estimates the end-to-end data rate of the D2D pair 
1
n  using the reduced transmit 

power 
max

/ 2P , and further determine whether the D2D pair 
1
n  still having the largest end-to-end data 

rate among all D2D pairs. If 
1
n  still has the maximum data rate, then 

2
CH  is also assigned to the D2D 

pair 
1
n . Otherwise, 

2
CH  is assigned to D2D pair 

2
n . This allocation process continues until all resources 

are allocated to all D2D pairs. When considering the allocation of the kth resource, eNB will use the 

reduced transmission power ( )
max

/ 1P x +  to estimate the end-to-end data rate for D2D pair 
k
n . 

Determine whether the end-to-end data rate of D2D pairs 
k
n  is still greater than the remaining D2D pairs 

of unallocated resources. If so, the kth resource is assigned to the D2D pair 
k
n . Otherwise, the eNB will 

stop allocating resources to the D2D pair 
k
n , and assign the kth resource to the D2D pair 

1k
n

+
. This 

transmission power strategy can achieve power allocation on all resources.  

The first stage resource allocation is terminated when all resources are allocated. If resources have 

been allocated to all D2D pairs in the first stage resource allocation, it means that the entire resource 

allocation process has been completed. Otherwise, the eNB will confirm whether there is still having a 

direct/relay-assisted D2D pair of unallocated resources after first stage resource allocation. If so, the eNB 

starts the second stage of resource allocation. Otherwise, the resource allocation is stopped and the eNB 

will also stop the scheduling process. The second stage of resource allocation is performed based on the 

idea of wireless resource sharing. The principle is that D2D pairs of unallocated resources can reuse the 

resources of direct/relay-assisted D2D pairs. The purpose of resource reuses is to increase the total 

amount of data transmitted in subframes. The resource allocation process of the second stage is described 

as follows.  

First, the eNB lists all direct/relay-assisted D2D pairs that have been allocated resources during the 

first stage of resource allocation (that is, reuse candidate D2D pair). List all remaining direct/relate-

assisted D2D pair for which no resources have been allocated. Second, search for the best reuse devices 

between reuse candidate D2D pairs and remaining direct/relate-assisted D2D pairs. Maximize the total 

end-to-end data rate on all cellular link resources. The key is to select the candidate D2D pairs with the 

maximum end-to-end data rate for each remaining direct/relay-assisted D2D pair to reuse. When the 

second stage of the resource allocation process is completed, the entire resource allocation process is 

completed. The specific process of resource allocation is shown in algorithm 2.  

 

Algorithm 2. resource allocation 

1. Initialization: ,  ,  1i j l = , and rearrange D2D pairs based on descending order of date rate as 

1 2
,  ,   

k
n n n⋅ ⋅ ⋅ . 

2. Physical resource blocks (PRB) index: m i= , D2D pair index: k j= , power changing order: 1x = . 

3. PRB m  is allocated to D2D pair 
k
n  

4. if k K=  

5. 1,  1i i l l= + = +  

6. if i m>  

7.       if all direct/relay-assisted mode D2D pair have been assigned PRB 

8.       stop resource allocation  

9.       else start the second-round PRB allocation by sharing the already assigned PRB 

10.       end if 

11. else back to 2 

12. end if 
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13. else reduce transmit power of D2D pair 
k
n  to ( )

max
/ 1P x +  and compute its end-to-end date rate 

again on a PRB 

14. end if 

15. if 
k
n  is still with the maximal data rate among the remaining D2D pair 

16. back to 5 

17. else 

18. 1,  1,  1i i j j l= + = + =  

19. end if 

20. if i m>  

21. back to 7 

22. else 

23. back to 2 

24. end if 

 

5 Numerical Results 

A single-cell networks including cellular users and D2D users is simulated, and the performance of the 

proposed algorithm is evaluated. The simulation was performed in MATLAB, the experiment was 

repeated 1000 times, and the results were averaged. Users are distributed in a circular area with a radius 

of 500m, where the eNB in the center. As previously shown, there are cellular users and D2D users with 

three modes. That is, direct D2D users, relay-assisted D2D users and local routing D2D users. All these 

users are randomly distributed in the network, Fig. 2 shows the random distribution of users. There are 50 

cellular users and 50 D2D users. Among them, there are 20 D2D users in mode 1, 10 D2D users in mode 

2 and 20 D2D users in mode 3.  

 

Fig. 2. Example of random distribution of users 

In the simulation, the algorithm proposed in this paper is compared with two algorithms in the other 

papers. In order to ensure the fairness of simulation, the simulation parameters are consistent with the 

other two papers. In the simulation environment, the path loss of the cellular link is (128.1 + 

36.7log(d[km])) dB, and the path loss of the D2D link is (140 + 40log(d[km])) dB. The noise spectral 

density is -114dBm/Hz, the noise figure of eNB is 5dB and the noise figure of user equipment is 9dB. 

The antenna gain of the eNB is 14dBi, the antenna gain of the device is 0dBi. The transmission power of 

the eNB is 46dBm, the transmitting power of the cellular user is 24dBm. The transmit power of the D2D 

user is 20dBm, the SINR threshold of the two users is 0dBm. The simulation parameters are shown in 

Table 1.  
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Table 1. Simulation parameters 

parameter name Numerical value 

Cell radius 500m 

Path loss of the cellular link (128.1 + 36.7log(d[km])) dB 

Path loss of the D2D link (140 + 40log(d[km])) dB 

Noise spectral density -114dBm/Hz 

Noise figure of eNB 5dB 

Noise figure of user 9dB 

Antenna gain of the eNB 14dBi 

Antenna gain of the device 0dBi 

Transmission power of the eNB 46dBm 

Transmitting power of the cellular user 24dBm 

Transmit power of the D2D user 20dBm 

SINR threshold of the two users 0dBm 

 

In order to verify the validity of the proposed resource allocation scheme, this paper selects the 

algorithms of the other two papers for comparison. One paper uses differential evolution (DE) algorithm 

[17], another paper also uses heuristic algorithm [21], neither focuses on the mode selection. The 

resource allocation scheme in this paper is compared with other two resource allocation schemes through 

simulation. Fig. 3 shows the system sum rate variations of the three schemes under different numbers of 

channel resources. There are 50 cellular users represented by M, 50 D2D users represented by N. The 

system sum rate increases as the number of channel resources increases, because more available channel 

resources directly provide higher data rates. Compare with other resource allocation schemes, this 

resource allocation scheme combined with D2D mode selection provides optimal data rate performance. 

Therefore, the effectiveness of the proposed scheme is verified. In order to verify the advantages of the 

mode selection in this paper. In the simulation of Fig. 3(a), the number of D2D users in the relay-assisted 

mode is 10. In the simulation of Fig. 3(b), the number of D2D users in the relay-assisted mode is 20. 

Compare with Fig. 3(a) and Fig. 3(b), it can be found that increase the number of relay user equipment 

can improve the overall performance of D2D communication.  

 

(a) (b) 

Fig. 3. The system sum rate increases with the increase of channel resources 

Moreover, we simulate the relationship between systems sum rate and the number of users in three 

algorithms. We will discuss two situations. That is, the cellular users M is larger than the D2D users N, 

and the cellular users M is smaller than the D2D users N. First simulate the system sum rate when the 

situation is M N≥ . In Fig. 4 (a), the number of M is 30, and the number of N is increased from 5 to 30. 

As shown in Fig. 4(a), the system sum rate of the proposed algorithm is significantly higher than the 

other two algorithms. When the number of D2D users is small, the difference between the proposed 

algorithm and the other two algorithms in system sum rate are small. With the increase of D2D users, the 

difference between the three algorithms has gradually become larger. Compare with another heuristic 

algorithm, the system sum rate is improved by 16.7%. Compare with differential evolution algorithm, the 

system sum rate is improved by 33.3%.  
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Furthermore, we verify the change of system sum rate when the situation is M N≤ . In Fig. 4(b), the 

number of M is 10. In order to keep the fairness of simulation with M N≥ , it is necessary to keep the 

total number of users unchanged. Ensure that the system sum rate changes are not caused by user 

reduction. So, the number of N increases from 25 to 50. As shown in Fig. 4(b), the system sum rate of the 

other two schemes does not change, because they do not take into account the user’s mode selection. 

With the total number of system user unchanged, the system sum rate remains unchanged. The proposed 

scheme still has a considerable improvement, but it can be seen that compared with the situation of 

M N≥ , the system sum rate decreases slightly. This is due to the reduction of cellular users, resulting in 

a reduction in the number of relay user devices. Consequently, the reuse of resources is reduced, and the 

gain of system sum rate is reduced.  

 

(a) (b) 

Fig. 4. The relationship between the number of D2D users and the system sum rate 

Finally, the performance of this scheme will be verified separately. Fix the D2D users to 50, 30 and 10, 

respectively. Cellular users increased from 0 to 50. As shown in Fig. 5, when 10DU =  and 30DU = , 

the slope of the system sum rate will increase as the number of cellular users increases. Because more 

devices as relays with the increase of cellular users, which increase the gain of resource reuse. When 

50DU =  and CU  changes from 0 to 30, the slope of the system sum rate increases gradually. However, 

the slope of the system sum rate decreases when 30CU = . As the number of system users increases, the 

interference caused by relay devices to other devices will also increase. Although the system sum rate is 

still increasing, the slope of the system sum rate is decreasing.  

 

Fig. 5. The relationship between the number of CU users and the system sum rate in proposed scheme 

6 Conclusion 

In this paper, a joint optimization scheme of mode selection and resource allocation is proposed, which 

considers the mobility of user devices and improves the working mode of user devices. This scheme 
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optimizes the existing D2D communication scheme from two aspects. In the aspect of mode selection, 

cooperative relay technology is combined to improve the service quality of user equipment. In the aspect 

of resource allocation, heuristic algorithm is used to optimize channel resource allocation. Aiming at 

improving the system sum rate, the throughput of users is greatly improved. 

Compared with previous works, the algorithm proposed in this paper has the following advantages: (1) 

Under the same channel resource condition, higher system sum rate can be obtained. (2) With the same 

cellular users and D2D users, the throughput and service quality of each device can be improved. (3) In 

this paper, cooperative relay technology is combined with the existing D2D mode selection technology, 

and heuristic algorithm is used in resource allocation to greatly reduce the computational complexity. It is 

not difficult to translate theory into practice. 

Based on existing papers and algorithms, this paper proposes a joint resource allocation scheme 

considering mode selection, which improves system sum rate. Simulation results show that the proposed 

scheme is effective. In addition, the scheme is designed to improve system sum rate, other problems can 

also be solved from other perspectives. For example, reduce the power and efficiency of equipment, or 

improve the efficiency of spectrum. Therefore, control the power of user equipment and improve the 

spectral efficiency of system is the next research direction for the authors. 
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