
1 INSTRUCTION 

In recent years, with the development of mobile 
communication and the increasing demand for 
system capacity, the existing 3G technology 
becomes unable to meet the increasing mobile 
broadband business requirements. At the same time, 
the 4G mobile communication that can adapt to the 
mobile data, mobile computing and mobile 
multimedia operation began to rise. The 4G 
communication technology is another evolution of 
wireless communication technology after the 3G 
mobile communication. It was developed to improve 
the access rate of mobile terminals to the Internet. 
However, the physical layer and the MAC layer 
which use effective 4G cellular technology 
(WiMAX[1] and LTE-A[4]) still can't meet the 
explosive data requirement of mobile users. So we 
need to find a revolutionary approach to change the 
traditional cellular network. Device-to-Device 
(D2D) is likely to appear in the next generation of 
cellular technology methods. 

D2D communication in the cellular network is 
defined as two mobile users those can communicate 
directly without the base station (BS) or core 
networks. D2D communication is not often 
transparent for cellular networks. It can use either 
the in-band spectrum or the out-band spectrum. In 
traditional cellular networks, all the communications 
need to be controlled by the BS, even when the 
communication distance is very close, i.e. within the 
scope of the D2D communication, communications 

also need a BS. The architecture of cellular networks 
is fit for traditional low data rate mobile 
communications, such as voice communication and 
text messages, where the distance between the 
communication users is not close enough to 
communicate directly. However, in today's cellular 
network, mobile users may use high data rate 
services (such as video sharing, games and social 
network) within the scope of direct communication 
(D2D). Therefore, in this scenario, D2D can improve 
the spectrum efficiency of the network. The D2D 
communication advantages can not only improve the 
efficiency of frequency spectrums, but also increase 
the system throughput, improve energy utilization 
efficiency, reduce the time delay, and increase the 
fairness of the system. 

In [7], the author proposed a resource allocation 
method that reused uplink spectrum resources and 
avoided interference between cellular and D2D 
communication. The core idea of this method was: 
by testing the public control channel, the base station 
could find cellular users with high risk of near-far 
interfere. The base station could sign these cellular 
users and broadcast the information. Based on the 
information, D2D users could choose resources 
actively to avoid heavy interference from other 
users. In [2], the author first used a power control 
method to control the D2D communication 
interference within a certain range, and then studied 
a control strategy to reduce the interference which 
the cellular communication caused to the D2D 
communication. The author put forward a concept of 
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Interference Limited Area (ILA), defined it as the 
area where the ISR of D2D receiving user is larger 
than the threshold, and proposed an interference 
managing method based on ILA control. This 
method did not allow D2D users to reuse spectrum 
resources within the ILA to manage interference. 
Reference [5] proposed a similar method to the 
reference [2]. The author proposed an ILA 
interference managing method based on distance 
limit. It considered the resource sharing of a pair of 
D2D users on the edge of the cellular. The author 
thought that in the uplink, the distance between two 
D2D users was much closer than that between a 
D2D transmitting user and the base station, so the 
D2D communication interference to the cellular 
could be negligible. To avoid the large disturbance 
caused by cellular to the D2D communication, the 
author argued that when the distance between D2D 
receiver and cellular users was greater than a certain 
threshold, D2D users could reuse the cellular 
spectrum resources.  

2 RESOURCE ALLOCATION IN THE CELL  

 

Figure 1. SFR frequency allocation 

LTE uses the Soft Frequency Reuse (SFR) resource 
allocation model to solve the interference problem of 
the traditional allocation model and the FFR model 
where the spectrum utilization rate is not high [6]. 
As shown in Fig. 1, the entire cell frequency is 
divided into three parts: f1, f2 and f3. In the SFR 
model, center cell users use all frequency resources, 
and each sector of the edge users uses one out of the 
three frequencies. Let the edges of the neighboring 
cells use different spectrum. As in the center cell, the 
cellular users’ distance is close to the BS, and the BS 
is far from users at the edge of the cell, so we can set 
the transmit power of cellular users in edge cell 
twice larger than that in the center cell. So the 
receiving power is almost the same. The distance 
between D2D users is close, so the interference from 
D2D users to cellular users or the BS is small. As 
shown in Fig. 1, when the D2D user is at the edge of 
the S3 sector, f1 and f2 resources can be allocated to 
him/her. When the D2D user is at the edge of the 
cell, the receiving power from D2D transmitter to 

the BS is very low. When the cellular users in the 
center cell transmit to the BS, the interference to the 
D2D receiver is very low. There is no same 
frequency interference from the cellular users at the 
edge of cell to D2D users. This model can improve 
the cell spectrum efficiency and the system 
throughput. 

3 SYSTEM MODEL 

There are I cellular users and J pairs of D2D users in 
the heterogeneous system [3]. The set of cellular 
users is {CUE1，CUE2，…，CUEi，…，CUEI}, 
and the set of D2D users is {D2D1，D2D2，…，
D2Dj，…，D2DJ}. Each pair of the D2D users 
consists of a transmitter and a receiver. D2D users 
reuse the uplink resources of cellular network. 
Define the reuse matrix as X=[xi,j], where 
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where 
,i BSg is the channel gain between CUEi and 

the BS. j

i cIN，  is the potential interference from 

receiver D2Dj to the uplink receiver of CUEi (i.e. 

BS). 2  is the noise power. In the real system, the 

target SINR of the cellular link should meet the 

Quality-of-Service (QoS) requirement. Different 

cellular uplink service needs different SINR. Assume 

that 
c

i tgt，  is the target SINR which CUEi needs. In 

order to guarantee the priority of the cellular uplink, 

we need to make sure that each uplink receiving 

SINR is higher than the threshold, that is 
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where j jg ，  is the channel gain from transmitting to 

receiving of D2Dj. 
j

j dIN ，  is the potential 

interference from the uplink receiver of CUEi to 

receiver D2Dj. The simulation is in multi-cell, so we 

need to consider the interference among different 

cells. We add the interference from neighbor cell 
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CUEi to D2Dj into the potential interference. When 

the receiving SINR is lower than threshold, the D2D 

link may be unreliable. In this case, we can’t use this 

D2D link to communicate. So we set a receiving 

SINR threshold
0

d , and the reliable D2D link should 

correspond to the formula 

0 ,d d

j j J                               (4) 

In order to meet cellular communicating 
requirement in (2), the maximum interference from 
D2D link to CUEi link can be described as  

2

,

j c

i c i i BS i tgtIN p g    ， ，                   (5) 

When the D2Dj link reuses the resource of CUEi link, 

the interference added in CUEi cellular link can be 

expressed as
,j j BSp g . The transmit power of D2Dj  

max

, .min{ , / }j j i c j BSp p IN g                  (6) 

where 
max

jp is the maximum of D2D transmit power. 

According to the (3) and (4), in order to guarantee 
the reliability of the D2D link, the transmit power  
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At the same time considering (6) and (7), we can 
know when D2Dj and CUEi share the same 
resources, D2D communication transmission power 

( )j jp P i , 

2

0

max

( ) { | ( ) /

min{ , / }}

d i

j j d j j

n N

j i c j BS

P i p IN g p

p IN g

 


   



 ， ，

， ，

          (8) 

( )jP i   means the D2Dj link is not allowed to 
reuse CUEi  link resources. ( )jP i   means the 
D2Dj link is allowed to reuse CUEi  link resources. 
Define a I×J allowable reuse matrix A=[ai,j], where 
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D2D transmit power should correspond to (8). In 

order to reduce power consumption and the D2D 

communication interference, the D2D transmit 

power can be chosen as its minimum value, that 

is 2
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  . The interference 

from D2Dj transmitter to BS is j

i cIN， = ,j j BSp g . 

Define interference matrix B=[bi,j]. When ai,j=0, bi,j 

is infinity. When ai,j=1, bi,j =
j

i cIN， . The optimization 

problem can be described as 
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Limitation (i) ensures that each D2D link can 
reuse the resources of a cellular link. Limitation (ii) 
guarantees that each cellular link resource is reused 
by at most one D2D link. Limitation (iii) means the 
constraint variables

,i jx can only be 0 or 1. 

4 RESOURCE ALLOCATION ALGORITHM 

The idea of the proposed resource allocation 
algorithm is: first choose the minimum value from 
the I×J interference matrix. Then allocate the 
corresponding value of the resources to the 
corresponding D2D users. Search the minimum 
interference value in the matrix which consists of 
unallocated D2D users and un-reused cellular users, 
and allocate the resources. Repeat this step, and if 
the interference value is greater than the threshold, 
the D2D user returns to the original interference 
matrix to be allocated. 

 

Figure 2. Algorithm flow chart 

5 SIMULATION RESULTS 

In the system level simulation, we first allocate 
resources to the cellular users. After all the cellular 
users have been allocated with resources, use the 
algorithm in Section 4 to allocate resources to D2D 
users. This algorithm can make D2D users reuse 
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high QoS spectrum resources and improve the 
throughput of the system. 

In the simulation of this section, we mainly 
observe the situation in which the D2D 
communication users are contained in cellular 
communication system. As the number of D2D users 
varies, the throughput of the cellular communication 
system changes. It provides support for practical 
system design. The number of cellular users is fixed 
to 63 in the simulation, and change the number of 
D2D users. Observe the changes of the overall 
system throughput. The simulation results are shown 
in Fig. 3 and Fig. 4. 

From Fig. 3 and Fig. 4, we can see that as the 
number of D2D users increases, the throughput of 
cellular users decrease slowly, and the overall 
throughput of D2D users increases. So the overall 
throughput of system increases. In terms of average 
throughput of each user, as the number of the D2D 
users increases, the cellular user’s average 
throughput falls slightly, and the D2D user’s average 
throughput also falls slightly. But the system average 
throughput increases. The reason is that the D2D 
users are at the edge of the cell, the distance to the 
BS is far, and transmitting power of D2D users is 
low, so it has little impact to the BS. The distance of 
each D2D user pair is close, and the distance 
between D2D users and cellular users is far. The 
interference on D2D users by cellular users is small. 
So each D2D user’s average throughput is large. As 
the number of D2D users increases, the multiplexing 
channel quality declines, so the D2D average 
throughput decreases. 

 
Figure 3. Overall throughput 

 
Figure 4. Average throughput 

6 CONCLUSION 

This paper introduced the characteristics of the D2D 
communication and discussed that D2D 
communication in the cellular system can help to 
improve the performance of the system. After 
analyzing the SFR model resource allocation 
method, we proved that this method is suitable for 
D2D reusing cellular resources. We established the 
system model, and proposed a resource allocation 
algorithm. The simulation results showed that using 
the proposed algorithm, D2D communication can 
improve the system overall throughput. 
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