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Abstract. In the uplink mode based on cellular network, device to device 
(D2D) multi-user shared channel can effectively improve the spectrum utiliza-
tion and overall communication capacity of the system, but it will also bring se-
rious interference problems, which will affect the end-user experience. To solve 
this problem, an access rate optimization algorithm based on interference mini-
mum allocation multiplexing resources is proposed in this paper. In the com-
munication system where D2D users and cellular users coexist, the objective 
function of minimum interference is established firstly, and then the Hungarian 
algorithm is used to optimize the objective function, so that the total interfer-
ence of D2D users in the system is the minimum, and the maximum number of 
D2D users accessing the system is achieved. The simulation results show that 
the algorithm can reduce the interference of D2D users to cellular users in a cer-
tain range, and also increase the number of D2D users accessing the system to a 
certain extent. 

Keywords: D2D communication, Cellular network, Resource allocation, Inter-
ference control. 

1 Introduction 

With the rapid development of wireless communication technology and the rapid 
popularization of intelligent terminal equipment, with the exponential growth of net-
work traffic, it puts tremendous pressure on operators' core networks and spectrum, 
and mobile networks are facing severe challenges [1]. Device to device (D2D) com-
munication technology is also called terminal pass-through technology. It directly 
implements data exchange and service provision without the need for base station 
transfer. The introduction of D2D communication in the cellular network can reduce 
the burden of the base station, reduce mobile terminal power consumption, improve 
transmission efficiency, and increase spectrum Utilization, improve system perfor-
mance. 

Under the control of the base station, D2D communication technology can use cell 
resources in orthogonal mode or multiplex cell resources in non-orthogonal mode 
(multiplexing mode) for communication, at present, most researches on D2D commu-
nication in multiplex mode [2]. In the multiplexing mode, the introduction of D2D 
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communication technology into the cellular networks will bring serious interference 
problems [3]. How to allocate resources to reduce interference becomes the research 
focus of D2D communication. 

In [4], an algorithm based on joint mode selection and resource allocation is pro-
posed to achieve the maximum capacity and minimum interference of the communi-
cation system. In [5], a greedy heuristic algorithm is proposed, which takes the chan-
nel allocation problem as a mixed-integer nonlinear programming, and then improves 
the total throughput as much as possible under the requirement of ensuring the entire 
user's signal to interference ratio (SINR). In [6], according to the threshold of the 
signal-to-noise ratio of cellular users and D2D users, as well as the maximum trans-
mitting power of user equipment, the transmitting power of D2D users is calculated, 
to ensure the quality of service of users. In [5,6], although the quality of communica-
tion service is guaranteed, the improvement of system throughput is limited. In [7], 
under the condition of ensuring the quality of service (QoS) cellular users and D2D 
users, the access set of D2D users is selected by linear programming to ensure that the 
interference of D2D communication will not affect cellular communication; secondly, 
a channel allocation scheme is proposed to maximize system throughput. In [8], a 
scheme of resource allocation and power control is proposed to ensure the interfer-
ence of cellular link is controllable. In [9], a simplified bipartite graph is proposed, 
which uses the Hungarian algorithm for resource allocation to maximizing the rate. In 
[10], the authors propose a priority heuristic algorithm of D2D for multiplexing chan-
nel resources between users and cellular users, which can dynamically adjust the mul-
tiplexing channel resources, effectively increase the number of users allowed for D2D 
communication, and reduce the interference to cellular users. In [11], the resource 
allocation problem of D2D users is transformed into a parameter planning problem 
that can be solved by the Dinkelbach algorithm, and joint power control, relay selec-
tion and resource allocation scheme is obtained by the Hungarian algorithm. In [12], 
It guarantees the quality of service (QoS) requirements of users and puts forward a 
resource allocation method of grouping based on the greatly improved access rate. 
However, the system throughput of this scheme is relatively low, and once the num-
ber of D2D users increases, it cannot guarantee that the distance between D2D users 
in the group is within a reasonable range. 

In the allocation of D2D multi-user shared channel, reduce the interference be-
tween cellular users and D2D users and maximize the number of D2D users accessing 
the system, to allocate communication resources reasonably. In the communication 
system where D2D users and cellular users coexist, a scheme is proposed to allocate 
multiplexing resources according to the minimum interference. 

2 System Model 

For the convenience of research, this paper only considers the scenario of D2D users 
multiplexing cellular communication resources in the uplink. Suppose the base station 
(BS) is in the center of the cellular system, there are also M cellular users (CU) in the 
system, and the set is expressed as  1 2, , , , ,m MC CU CU CU CU   , K D2D 
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users (DU), the set is expressed as  1 2, , , , ,k KD DU DU DU DU    and N 

uplink channel, CU and DU are randomly assigned in the system. DU exists in pairs, 
each D2D user pair includes D2D transmitting user (DUT) and D2D receiving user 
(DUR), In this paper, it is referred to as T and R for short. In Figure 1, the system 
model is shown. 

 

Fig. 1. System model 

Compared with the downlink, the spectrum utilization of uplink communication links 
in the cellular networks is lower. and the interference of the receiver of D2D users is 
relatively less when multiplexing the uplink communication. At the same time, the 
base station can also control the spectrum resources in the system according to its 
interference. Therefore, this paper only considers the sharing scenario of uplink re-
sources in a single cell. To ensure the communication quality, at most one DU can be 
reused for one CU, and at most one CU can be reused for a pair of DU users. 

3 Problem Description 

When DU reuses the resources of CU, it will be interfered with by CU and other DU. 
In addition, DU will also interfere with the base station. In order to reduce the inter-
ference between cellular users and D2D users and allocate the communication re-
sources reasonably, this paper establishes a system optimization model. In the system 
model of Figure 1, in order to improve the communication efficiency, when the kth 
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D2D pair multiplexes the communication link of the mth cellular user, the receiver of 
the D2D user will be interfered by the uplink cellular channel, so the signal interfer-
ence ratio of the D2D receiver meets the following requirements: 

 
,

, 0
0 ,

k k m
k m

m k

G P
SINR T

N A
 


 (1) 

Where kG  is the channel gain between kR  and kT  of the D2D user, ,k mP  s the 

transmission power of kT  multiplexing the mth uplink cellular user, 0N  is the white 

noise received by kR , ,m kA  is the interference value of DU link caused by the inter-

ference of CU link. In order to ensure the normal and effective communication of DU, 
it is necessary to meet the requirement that the signal to interference ratio is at least 

0T . Then transmit power kT  needs to meet: 
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When kDU  multiplexes mCU , kT  needs to achieve the minimum transmit power. 
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According to the system model in Figure 1, it is known that the D2D user may also 
cause interference to the base station when multiplexing the cellular user, and the 
interference to the base station when multiplexing the mth cellular user channel for 
the kth D2D user: 

 , ,k m k m KI P H  (4) 

Where kH  is the channel gain between kT  and base station. 

According to Shannon formula, the throughput of D2D users when multiplexing 
cellular channel as: 

 , 2 ,
1 1 1

log (1 )
K M N

n
k m k m

k m n

C SINR
  

   (5) 

Among them, ,k mC  is the throughput when multiplexing the mth channel for the kth 

D2D user, and ,k mSINR  is the maximum signal to interference ratio obtained under 

multiplexing cellular user communication. 
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In order to maximize the capacity of the system, the essence is to find the maxi-
mum SNIR. As formula (1) (4) shows, formula (5) of maximum capacity problem can 
be further transformed into the problem of minimum interference. 
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Where ,
n
k m  means that the kth pair of DU can reuse the nth channel resource shared 

by the CU, and 1 ,1 1,1 1n N m M k K        . When allocating re-

sources in the actual communication system, N, M, K need to meet
K M N K M    . Part of the DU is allocated as a dedicated channel re-
source, so the Du will not be interfered with by other users, and does not interfere 
with the CU. The other part of the DU needs to reuse CU resources, and reasonable 
resource allocation needs to be made to make the access system with as little interfer-
ence as possible and as many D2D users as possible. If , ,n N m M k K   , 

( )
, 1n

k m   means that DU and CU may reuse channel n; if 

, 1,n N m m k K    , 
( )
, 1n

k m   means that the DU uses a dedicated channel n; 

if , , 1n N m M k K    , 
( )
, 1n

k m   means that the CU uses a dedicated channel 

n; if 1, 1,k K m M n N     , 
( )
, 1n

k m   means that dedicated channel n is 

idle. 

4 Resource Allocation Algorithm 

4.1 Algorithm Analysis 

The algorithm proposed in this paper is to ensure the communication quality of the 
system and maximize the communication capacity of the system, and then carry out a 
reasonable allocation of user communication resources so that the performance of the 
communication system reaches the optimal and D2D users access the system most. 
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The algorithm steps are as follows: First, construct an interference matrix, and again 
based on the combination of cellular users, D2D users, and channels in the matrix, 
and find the smallest interference, finally, resource allocation is based on this data. 
Because there are m free channels left in the system, when allocating the free chan-
nels to users, only specific cellular users need to be determined to be allocated to 
specific D2D users for multiplexing, while the free channels are allocated to the re-
maining D2D users. Suppose all communication channels are the same. In order to 
ensure the normal communication quality, the interference threshold value of the 

received information of the base station is preset as 0I . 

(1) If , means that when the kth pair of D2D users can reuse the nth 

channel resource of the mth cellular user and the interference value is less than 
the interference threshold received by the base station, access to the D2D pair 

of users is allowed. The access admission parameter is 
( )
, 1n

k m  ; if 

( )
, 0
n

k mI I , means that the kth pair of D2D users cannot reuse the nth channel 

of the mth cellular user, then set the admission parameter as 
( )
, 0n

k m  . 

(2) If D2D uses a dedicated channel n, it can be considered that the D2D user re-
uses the n channel used by a cellular user with zero interference, so we assume 

( )
, 1 0n

k mI   . If the dedicated channel is used by a cellular user, it is considered 

that the cellular user and a D2D user with zero interference to the base station 

multiplex the nth channel, so we assume 
( )

, 1 0n
m kI   . In this way, we can cal-

culate an admission matrix of ( 1) ( 1)N m k    , which is 
( )

1, 1
n

k m   , and 

an interference matrix of ( 1) ( 1)N m k     is 
( )

1, 1
n

m kI   . 

(3) From equation (4), we can know that the problem of maximum capacity is fur-
ther transformed into the problem of minimum interference, and then it is 
transformed into the 0-1 assignment problem of the interference matrix for re-
source reuse. Therefore, in the channel resource reuse allocation, the obtained 
interference matrix is applied to the Hungarian algorithm to find the optimal 
resource reuse strategy[13]. 

(4) In the dedicated channel allocation, it is only necessary to find the minimum 

interference value in the interference matrix K MI  , and then directly assign an 

uplink channel to the user for D2D. 

4.2 Simulation Parameters 

In the simulation, the communication cell is a circular cell with a radius of 500 me-
ters. A base station exists in the center. D2D user pairs and cellular users are random-
ly and uniformly distributed in the cell. Each cellular user can only occupy one cellu-
lar channel, and each cellular channel is only allocated to one cellular user or one 

( )
, 0
n

k mI I
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D2D pair user or one D2D pair user and one cellular user. Compared with the heuris-
tic algorithm and the random algorithm, the algorithm proposed in this paper takes the 
interference threshold of the base station and the distance between the D2D transceiv-
er users as variables, and its system allows the number of D2D users to access to in-
crease significantly. Due to the random algorithm resource allocation, the D2D users 
in the system select the channel resource multiplexing randomly, without considering 
the interference between users, so the communication quality of D2D users cannot be 
guaranteed. But the algorithm improved in this paper is to establish the objective 
function of minimum interference, and use the Hungarian algorithm to achieve the 
optimization of this objective function, so that the D2D receiving end of the system is 
subject to the best pairing strategy with the least total interference, thus bringing the 
number of D2D users Increased access systems. By using MATLAB for simulation 
comparison, data is randomly generated each time and the average value is obtained. 
The main system simulation parameters are shown in Table 1. 

Table 1. System simulation parameters. 

Parameter Value 

Cell radius/m 500 

Total system bandwidth/MHz 10 

Path loss model for D2D link/dB 148+40lgd 

Path loss model for cellular link/dB 128.1+37.6lgd 

D2D link shadow fading standard deviation/dB 12  

Cellular link shadow fading standard deviation/dB 10 

Noise spectral density/(dBm/Hz) -174 

D2D receiver SINR threshold/dB -10 

4.3 Analysis of Simulation Results 

Figure 2 shows the relationship between the interference threshold of the base station 
and the logarithm of system access D2D under different algorithms. It can be seen 
from the figure that when the interference threshold of the base station is increasing, 
the D2D allowed by the system to access user communication is also increasing. 
When the interference threshold of the base station is about - 70dBm, the D2D loga-
rithm of the three algorithms can reach the maximum allowable access value of the 
system. It can be seen from Figure 2 that the algorithm and the heuristic algorithm 
have a smaller difference between the number of D2D users allowed by the system 
when the interference threshold of the base station increases. So the system allows 
fewer D2D users to access. However, compared with the comparison algorithm, when 
the interference threshold of the base station is between - 150dbm to 120dbm, the 
number of users allowed to access D2D increases faster with the increase of the 
threshold. 
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Fig. 2. The relationship between the interference threshold of the base station and the log of 
D2D 

 

Fig. 3. The relationship between the distance between D2D users and the logarithm of users 
accessing D2D. 

Figure 3 shows the maximum distance between the users of D2D receiving and send-
ing end between 20m ~ 140m and the logarithm relationship between the users of 
D2D allowed to access the system. It can be seen that in the process of increasing the 
maximum distance, the D2D allowed to access keeps more access to the number of 
users. As can be seen from Figure 3, as the distance between the users of the D2D 
transceiver increases, the number of D2D users allowed to access the system gradual-
ly decreases, which is caused by the more interference the more D2D users. Moreo-
ver, the system of the algorithm in this paper allows the number of D2D users to ac-
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cess to decrease significantly less than heuristic and random algorithms. When the 
maximum distance between D2D transceiver users is 20m ~ 100m, the algorithm and 
heuristic algorithm in this paper can maintain a higher number of D2D users access-
ing the system, but as the maximum distance between D2D transceiver users increas-
es, the interference gradually increases. When the maximum distance between D2D 
transceiver users is between 100m and 140m, the resource allocation algorithm based 
on the objective function of minimum interference in this paper makes the number of 
D2D users allowed to be accessed by the system significantly higher than its compari-
son algorithm. 

 

Fig. 4. The relationship between the distance between users of D2D and the average interfer-
ence caused by each pair of D2D.  

Figure 4 shows the relationship between the maximum distance between the users of 
D2D receiving and sending end and the average interference value caused by each 
pair of D2D users. The interference value of each pair of D2D users increases with 
the increase of the maximum distance of D2D receiver and transmitter users. With the 
increase of the distance between the receiver and the transmitter, the transmitting 
power of D2D to the user's transmitter is also increasing, so the interference will also 
increase. When the maximum distance between the transmitter and receiver of D2D is 
30m ~ 60m, the interference caused by the improved algorithm is obviously lower 
than other algorithms. 

5 Conclusion 

This paper studies the resource allocation problem of multiple D2D and multiple up-
link cellular users in a single cellular system by establishing the communication mod-
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el of D2D communication technology introduced into the cellular network, and car-
ries out theoretical design and simulation analysis, so as to obtain the resource alloca-
tion scheme with the minimum interference as the target. This model takes the inter-
ference threshold of the base station and the distance between D2D communication 
pairs as variables to analyze, and optimizes the resource allocation process of D2D 
communication. The simulation results show that under the condition of limited 
communication resources and guaranteed user service quality, the algorithm maxim-
izes the number of users of D2D access to the maximum extent allowed by the sys-
tem, and reduces the interference of D2D to users of cellular users within a certain 
range. However, this system model only studies the interference of a single cell and 
does not consider the interference of neighboring cells, so the resource allocation of 
the multi-cell system model can be considered on this basis. 
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