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Ⅰ. Introduction

  
Device-to-device communication is a local 

area technique to allow device in close range 
to communicate without passing through the 
BS. It is key integral part of the third 
generation partnership project (3GPP) long 
term Evolution-Advanced (LTE-A) systems. 
CUs sharing radio resource with D2D pairs  
brings about interference from D2D pairs to 
CUs and also from CUs to D2D pairs. Failing 
to handle this interference problem could tend 
to damage the QoS of users. Therefore, a 
robust interference management scheme is 
required to manage the interference from D2D 
transmission. 

Recently, various interference management 
technique has been developed to allow 
multiple D2D pairs to reuse the radio resource 
of multiple cellular users while managing the 
interference from D2D transmission. In [1], 
[2], a selfish pricing scheme was developed at 
BS to control the interference from D2D 
transmission however, interference from CUs 
to D2D pairs was not accounted for. In [3], 
the author proposed a merge-and-split 
scheme to develop an overlapping coalition 
game with the objective of maximizing the 
system sum-rate, nevertheless the 
performance is  damped by high signalling 
amongst D2D pairs. 
    In this work, we designed a distributed 
interference management scheme for D2D 

system to obtain a balance between the QoS 
of CUs and D2D pairs. Interference from D2D 
transmission is  handled selfishly via a 
pricing scheme. On the contrary, D2D pairs 
compete for the subchannels in a 
non-cooperative game way. In order to ensure 
a balance between the QoS of CUs and D2D 
pairs, we adopted an idea of  discount pricing 
scheme to design efficient pricing scheme to 
tackle the interference.
   
  

Ⅱ. S y s te m  Mode l  
 An uplink orthogonal frequency division 
multiple access (OFDMA) for device to device 
communication underlaid cellular network is 
designed. The system is made up of cellular 

tier and D2D tier.  There are    

subchannels,   D2D links and   cellular 
links. Subchannels are exclusively assigned to 
the cellular users so there is no interference 
amongst CUs.  D2D pairs reuse the 
subchannel of CUs therefore there exist 
interference from D2D pairs to CUs and from 

CUs to D2D pairs. let   be D2D pairs 

and   be cellular users. Let   and 

  be D2D transmitter and receiver 

respectively. let pd  and pm  be the transmit 

power vector of   and   

respectively. The signal to interference plus 
noise (SINR) ratio of the both D2D pairs and 
cellular users are formulated as 
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 respectively while 

the rate of   and   are expressed 

as   
 

 log  , and 
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Ⅲ. P rob l e m  F orm ul a tion

In the uplink D2D communication scenario, 
the victim of the interference from D2D 
transmission is BS hence the BS manage the 
interference by imposing a price on reused 
subchannels based on its  QoS with no 
consideration of the QoS of D2D pairs. The 

QoS of   is formulated as 

 

 ≥    ≤ ≤ .

D2D pairs acting as followers, adapt their 
power levels in a non-cooperative game way.

3 a . N on- coop e ra tiv e  g a m e  a m ong s t D 2 D  
p a irs

Each D2D pair player solve the optimization 
below to update their power
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The convexity of the above problem permits 
us to obtain the optimal solution by adopting 
KKT systems. therefore, the optimal solution 
is obtained as 
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For equilibrium analysis of the game refer to 
reference[1].

3 b . C e l l ul a r L ink  Inte rf e re nce  C oordina tion 
( C L IC )
For each cellular link to update the price the 
BS solve the optimization below
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By solving the above problem the optimal 
reuse price is obtained as
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However, the above price does not reflect the 

QoS  of D2D pairs. Therefore, for the   

to also meet their  QoS they suggest a price 
to BS to take into consideration when 
updating the reuse price. This price reflects 
the QoS of D2D pairs. The  QoS of D2D 
pairs is expressed as  

 ≥    ≤ ≤  .

At nash equilibrium, upper bound of the 
suggested price by each D2D pair on 

subchannel   can be formulated as 
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

When the BS receive the suggested price, it 
selects the minimum price as follows

min  arg min∈  . 

The BS then update the price by finding a 
balance between the reuse price and 

suggested price via a weight scheme   
which represents the balance between the 

QoS  of   and  .

    min 

When only QoS  of CUs is under 

consideration, the BS set the     else the 
weight is set a predetermined value 

  . 
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Ⅳ. R e s ul ts

We compare the evolution of the suggested 
price against the optimal reuse price. 
Increasing the data requirement of D2D pairs 
leads to decrement of the suggested price 
hence　 D2D pairs needs  higher data 
requirement. At point A, B and C, both the 
rate requirement of D2D and CU is met 
which shows that a tradeooff exist between 
data rate of D2D pairs and that of CUs.

Ⅴ. C oncl us ion
In this work, a QoS tradeoff in D2D 

communication is analyzed. Using the idea of 
discount pricing an efficient pricing scheme 
which consider both the QoS of CUs and 
D2D pairs was developed. The proposed 
scheme is flexible, robust with low 
computational complexity and  
signaling.
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