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Abstract – With the increasing number of users the need for proper and efficient resource allocation methods has emerged. 
The method used for resource allocation scheme should be such that it should have minimum interference and loss incurred 
should be of minimum level. This constant need to increase the network capacity in order to allocate more number of users 
has led to evolution of device to device communication. This paper proposes a simple and effective algorithm for Cluster 
Formation and Distance based resource allocation in D2D Networks. This paper will significantly reduce the complexity cost 
and signaling overhead and also improves the throughput of the system. The cluster formation before the resource allocation 
can significantly improve the spectrum and energy efficiency of LTE-A cellular networks. 
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I. INTRODUCTION 
 
Device-to-Device (D2D) communication can expand 
the effectiveness of future cell systems when sharing 
the spectrum range. Radio resource allocation systems 
are then important to control the impedance that D2D 
and cellular transmissions can produce to each other. 
The greater part of the current allotment plans depend 
on the information of the channel pick up of every 
single conceivable connection amongst cell and D2D 
hubs[1]. 
Several Algorithms exist for resource allocation in 
wireless networks.R. An, J. Sun, S. Zhao, S. Shaoin 
their work have talked about a resource allocation 
scheme for Device to Device Communication with 
LTE Downlink Network[2] which defines an 
optimization problem to maximize the sum rate for all 
D2D and cellular links in scenarios where a single 
D2D link can reuse the resources of a cellular 
transmission. It not only ensures the D2D mode 
selection in a good way, but also controls interference. 
Through the calculation of the sum rates in the system 
it formulates thatthe system performance increases.P. 
Phunchongharn, E. Hossain, D.I. Kim proposed a 
resource allocation scheme based on LTE advanced 
networks[3] which improved the spectrum utilization 
significantly with small increase in power 
consumption especially when the number of D2D 
links in the network is large. 
H. Wang, X. Chu proposed a system for distance 
constrained Resource sharing for Device to Device 
Communications Underlaying Cellular Networks[4]. 
This work’s objective was to estimate the outage 
probability of a D2D transmission that shares uplink 
radio resources with a cellular user as a function of the 
distance between the cellular and D2D nodes. 
Numerical results of the method demonstrated that the 
proposed distance-constrained resource sharing 
criterion brought significant reduction in the outage 

probability of D2D communications. Guopeng Zhang, 
Kun Yang, and Hsiao-Hwa Chen proposed a method 
for socially aware cluster formation and resource 
allocation in D2D[5].The so proposed D2D 
communication scheme significantly improved the 
spectrum and energy efficiency of LTE-A cellular 
networks. It also provided an effective method to 
employ the data extracted from underlying MSNs to 
improve network performance. 
 
Our proposed method has the objective to form a 
socially aware clusters in a communication network 
and allocate the radio resources to various nodes 
considering the main factor to be the various distance 
between the nodes and the eNB also considering the 
Quality of Service(QoS). The proposed scheme 
significantly reduces the complexity cost and 
signaling overhead. 
 
The rest of this paper is organised as follows: In 
section 2, we discuss some related works. Section 3 
consists of an explanation of the proposed 
methodology. Section 4 consists of the performance 
metric. Numerical data and observations are provided 
along with result in Section 6. Section 7 consists of 
the conclusion. 
 
II. RELATED WORK 

 
A. Radio Resource Management 
Radio resource management[6] is a management 
level which aims at providing minimizing co-channel 
interference and an efficient radio resource allocation 
scheme. It includes different strategies and methods 
for providing a minimum QoS level to all its users. 
With increasing number of users day by day there is a 
need for efficient method for allocating the resources. 
Its main objective is to utilize the limited radio 
resource spectrum as efficiently as possible. Efficient 
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schemes are developed so as to increase the spectral 
efficiency and to provide high data  
rate to all the users. The scheme should be such that it 
should fulfill the spectrum requirement of different 
users. Radio resource allocation process becomes 
more challenging in device to device communication 
since the interference experienced in this 
configuration is much more as compared to one 
consisting of only the cellular network. The key 
feature of D2D is frequency reuse. This increases the 
efficiency of the spectrum since larger number of 
users can be allocated. 
 
Thus radio resource allocation scheme should be such 
that it provides minimum level of interference. The 
radio resource allocation scheme is different for 
uplink and downlink modes. 
Intercell radio resource management is generally used 
in LTE where D2D is a key factor. It provides 
minimum level of inter cell interference so as to make 
transmission efficient. 
 
B. Cluster Formation 
Cluster is defined as groups of cells. The main 
advantage of clustering is the reduced interference 
level and efficient utilization of the radio resources. 
The cells are groups together to form clusters. The 
frequency used in one cluster can be reused in the 
other cluster. This is the main reason why clustering 
and cell sectoring concepts is being used in the 
cellular network. We aim at allocating resources to 
more and more number of users meanwhile 
maintaining the QoS requirement. 

 
Fig 8: Cluster formation 

 
It involves grouping of nodes and selecting the cluster 
head. 
All the members present in the cluster can 
communicate directly with the Cluster head selected. 
Clustering [7] improves the stability of the network 
and also increases the network life. 
Optimal clustering removes the unnecessary overhead 
which is associated with cluster head selection as well 
as the interaction of the nodes with the cluster head. 
 
Various clustering techniques are:- 
Distributed and centralized- Among the two 
techniques mentioned centralized needs minimal 
computation. 

Iterative and probabilistic- Probabilistic has rapid 
convergence as compared to iterative clustering 
technique. 
 
C. Distance based resource allocation 
Resource allocation schemes become more accurate 
and efficient if we use distance as a parameter for 
allocation[8]. 
It reduces the effect of signaling overhead as 
compared to other schemes which uses channel gain 
as a parameter for allocation. The complexity cost is 
also reduced comparatively. 
Uplink LTE cellular spectrum is used in D2D as it 
reduces the interference which is generated to the 
base station. Also the interference experienced by the 
D2D users because of cellular users is also less since 
the transmission power of cellular users is less as 
compared to that of base station. 
 
In LTE the base station eNB is the one which 
manages and controls the radio resource allocation 
scheme in the network structure. It is the one which 
communicates directly with the nodes and take 
decisions according to the spectrum requirement. The 
eNB has the record of the totalnumber of active 
cellular and D2D users present in the network 
structure.  
It also has the record of the location of the cellular 
and D2D users present in the cellular structure. 
 
It uses this information for allocation of the 
resources. In this way the spectrum utilization 
becomes more efficient. It allocate the resources in 
such a manner that minimum level of interference is 
experienced by the primary and cellular user thus 
fulfilling their QoS requirement 
 
III. PROPOSED METHOD 

 
A. Block Diagram 

 

 
Fig 1: Block Diagram of Proposed Method 

 
B. Proposed Cluster Formation Algortihm 
Low energy adaptive clustering hierarchy [9] uses a 
round as unit and each round consists of a cluster set 
up stage and a steady state storage for the purpose of 
reducing the unnecessary energy. 
In the first stage the sensor nodes are allowed to elect 
themselves as the cluster heads randomly and then are 
divided into clusters. Each cluster head node creates a 
transmission schedule for the sensor nodes within its 
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cluster. The algorithm for this cluster formation 
technique is as follows: 
 
Step 1: The Network is initiated consisting of all the 
nodes. 
Step 2: The cluster Head is selected according to the 
residual energy of the node. If the Residual energy in 
a node is more than the scheduling energy then the 
node is considered as the cluster head otherwise it 
becomes a common node. 
Step 3: Cluster head broadcasts join request to nearby 
nodes and the nearby nodes join the cluster by 
accepting the request. 
Step 4: The cluster head creates a schedule and sends 
to the cluster members and the cluster members 
receive it. 
Step 5: Then the steady state operation takes place 
for  
t = Tround seconds. Then the process repeats for further 
rounds. 
LEACH is able to distribute energy dissipation 
evenly throughout the nodes, doubling the useful 
system lifetime for the networks. 
 
C. Proposed Radio resource allocation Algortihm 

 
Step 1: The base station (eNB) checks the total 
number of active users present in the cell. 
Step 2: The eNBknows the location of the cellular 
and the D2D users. 
Step 3: The QoS conditions are checked for 
providing acceptable date rate to the users. 
 The throughput of the last scheduling period 

should be higher than the minimum threshold 
level. 

 The threshold level experienced by the primary 
user must be at least higher than at least 90% of 
the average throughput experienced during the 
last LTE scheduling. 

 
Step 4:The throughput is calculated by using the 
following equation: - 
 

 
 

The above equation is pre-defined in 3GPP TR 
36.942 (Annex A) [10]. 
Where t is throughput, σ is SINR, δ is attenuation 
factor, B is the bandwidth and S(σ) = log2 (1+σ). 
 
Step 5:Forresource allocation the base station checks 
the following conditions: - 
1. The distance between the D2D transmitter and the 
base station should be higher than the distance 
between the cellular transmitter and the base station.  

2. The distance between the cellular transmitter and 
the receiver of D2D must be greater than the distance 
between the cellular receiver and the base station. 
This condition insures minimum interference 
experienced by D2D due to the cellular users. 
 
Step 6: If the following conditions are satisfied than 
the resource allocation process takes place. The base 
station continuously monitors the whole process and 
makes sure that the QoS requirement is satisfied. 
 
IV. PERFORMANCE METRIC 

 
A. Throughput 
The performance of any system can be calculated by 
using throughput of a system. It is calculated by the 
amount of data which is transmitted over a distance in 
the specific time. It is calculated in bits per 
second(bps). It also tells about the quality of network 
connection. Throughput of a system is the measure of 
the number of units of information a system can 
process and work on in a particular amount of time. It 
is considered in all major areas from networking to 
wireless communication. System throughput (T) is 
the number of payload bits per second received 
correctly: 
 
T= (K / L ) .R .f(o) 
Where (KR/L) b/s is the payload transmission rate 
and f(o) is the packet success rate defined as the 
probability of receiving a packet correctly. This 
probability is a function of the signal-to-noise ratio:  
Eb/No = P / (No .R)  
In which Eb=P/R joules is the received energy per bit. 
 
B. System Capacity 
Capacity is a major concern in all wireless 
communication systems. The demand for cellular 
service in all urban areas has increased the demand 
for the capacity of the cellular system. The basic idea 
of the metric capacity is to provide service to as many 
users as possible in a limited amount of frequency 
space. Larger the capacity, more the effective a 
system is. All cellular operators are looking for new 
methods to improve the capacity and accommodate 
more number of users on to the same frequency 
space. Some conventional methods are Frequency 
Division Multiple Access, Time Division Multiple 
Access and Code Division Multiple Access etc. 

 
C. Signalling overhead 
In Wireless networks the data from a particular 
source has to be routed through various intermediate 
nodes to reach the destination. Problems arise when 
these intermediate nodes fail to deliver or forward the 
data. So along with the data additional information 
should be attached to enhance the performance. If the 
amount of Signaling Overhead is large, the 
performance of the transmission and reception can be 
increased and also of it more than a threshold it might 
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take up the whole system transmission time which 
can be a disadvantage. 
V. SIMULATION PARAMETERS 
 

Parameter Value 
Bandwidth(B) 360 KHz 

Maximum 
Throughput(th) 1.75 Mbps 

Attenuation factor(δ) 0.75 
Number of LTE 

scheduling 
periods 

10 

Number of active users 100 
SINR limits (σ) -6.5dB,17dB 

Transmission power for 
cellular nodes 

D2D nodes 

20dBm 
14dBm 

 
VI. RESULTS 

 
The performance of the proposed algorithm was 
implemented in MATLAB. The proposed algorithm 
using distance as a parameter for resource allocation 
is compared with the other resource allocation 
schemes such as Areas and LP which uses channel 
gain as a parameter for resource allocation purpose. It 
is observed that the throughput level obtained was 
high for LP and the proposed scheme as compared to 
cellular and Areas. 
 

 
Fig 2: Average throughput for Medium D2D 

 
Fig 3: Average throughput for High D2D 

The above results shows that the throughput level is 
high for D2D. Two scenarios are taken for 
consideration- medium and high D2D. The average 
time between the sessions is 1s for high D2D and 0.5s 
for medium D2D.  We observe from the above graphs 
that the LP and D2D have almost same throughput 
level. But the system capacity is increased as in case 
of the proposed method. This can be observed in 
figure 4 where the capacity in case of medium and 
high D2D is compared. 

 
Fig 4: Increase in the capacity(%) 

 
The capacity in the proposed method was much 
higher as compared to the Areas and LP which were 
earlier proposed for resource allocation. Thus more 
users are allocated in the proposed method.  

 
Fig 5: Load capacity of medium and high D2D 

 
The above graph shows the comparison between the 
medium and high D2D. It shows that the signaling 
rate increases with the capacity. 

 
Fig 6:Comparison of power consumption in direct and 

clustered network. 
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The energy consumption is reduced in case of 
LEACH protocol used for cluster formation as 
compared to the direct transmission. Thus throughput 
increases and power loss is reduced to a large extend. 
 
CONCLUSION 

 
Thus, the proposed methodology which uses distance 
as a parameter for radio resource allocation in D2D,is 
able to provide a robust and efficient method for 
allocating more and more users along with the 
increased throughput level. The use of distance in this 
algorithm allows reduces the interference level and 
the signaling overhead which in turn improves the 
efficiency and proper spectrum utilization. Our 
proposed method maintains the QoS requirement 
throughout the allocation process. It also reduces the 
complexity cost as compared to the other methods 
which were earlier used for resource allocation.  
Further, the addition of cluster formation algorithm 
makes the process more efficient and minimizes the 
power consumption. 
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