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Abstract- Multihop Device-to-Device (MH-D2D) communication increases the network throughput by increasing the 

proximity distance of devices for 5G cellular networks. In this article, a graph-based resource allocation scheme is proposed 
for MH-D2D communication in dynamic network scenario for 5G cellular networks. This scheme is comprises in two 
phases. In first phase, a weighted bipartite graph is constructed while in second phase, the base station (BS) allocates the 
resource block based on interference avoidance where the BS assigns high priority to that resource that creates minimum 
interference. Numerical result shows that proposed scheme gives the significant result over the different cases of random 
resource allocation scheme. 
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I. INTRODUCTION 

 

Nowadays several proximity services such as 

location-based services,  indoor and local 

communication are increasing [1, 2]. Thus, device-to-

device (D2D) communication received much 
attention in 5G cellular communication. In dynamic 

network scenario, the D2D pair can move away from 

each other they further communicate by using another 

proximity device (relay) in D2D  mode and this type 

of communication is known as MH-D2D 

communication [3]. In MH-D2D communication, at 

least two links are established from source-to-

destination. The D2D and MH-D2D users (secondary 

users) use the resource block of the cellular users 

(primary users) which resultant the interference is 

generated at CU end, D2D end and MH-D2D end.  

The resource sharing between CU, D2D, and MH-
D2D users can be divided into three scenarios:  

a) Scenario I: For each user, assign separate 

resource block even though in MH-D2D case, assign 

a different resource block for each link.   

b) Scenario II: In this scenario, the same 

resource block is assigned to one CU user and one 

D2D link.  

c) Scenario III: In this scenario, the same 

resource block is assigned to one CU user and 

multiple D2D links.   

The scenario III is more beneficial for the MH-D2D 
communication compared to the scenario I and II 

because of lots of D2D pairs will be admitted and 

resource is a constraint in 5G network.  The scenario 

III is generated more interference due to multi 

sharing.  In order to reduce the interference for 

scenario III, a number of research proposals are 

proposed for direct D2D communication. In [4], the 

authors proposed a Greedy Throughput Maximization 

Plus (GMT+) algorithm for resource allocation 

scheme for 5G. In [5], a graph-based resource 

allocation scheme is proposed in a multiuser scenario 

where assign a high priority to that resource block 

that creates minimum interference. In [6], the authors 

proposed a scheme for network selection and channel 

allocation for 5G network. This scheme is based PSO 

and modified genetic algorithm.  

Further, there are very limited contributions in 

resource allocation for MH-D2D communication for 
scenario II [7-13]. In [7], authors proposed a heuristic 

mode selection and resource allocation strategies 

which are applicable to MH-D2D communication. 

The resource allocation scheme deals with random 

resource allocation. In [9], the authors proposed a 

dynamic graph optimization framework that enables 

the modeling of a large-scale system with multiple 

D2D pairs and device mobility patterns. In [11], the 

authors proposed a relay aided distributed resource 

allocation scheme for guaranteed minimum data rate 

for two-hop communication under channel 

unconstraint. In [12], the authors proposed a resource 
allocation scheme for MH-D2D based on interference 

avoidance for LTE-A networks. In [13], the authors 

proposed an efficient resource allocation scheme for 

cell edge users.   

Objectives: the following objectives are as follows: 

 To propose an efficient resource allocation 

scheme for MH-D2D communication for 5G 

network. This scheme considers different type of 

communication and improves the overall network 

throughput that makes a unique contribution to the 

field. 
The rest of the paper is organized as follow: system 

model and problem formulations are addressed in 

section 2. In section 3, we propose graph-based 

resource allocation. In section 4, the experimental 

result and discussion is address and conclusion is 

provided in the last section.  

 

II. SYSTEM MODEL AND PROBLEM 

FORMULATION 

We consider an uplink communication scenario 

underlying a 5G cellular network.  As illustrate in 
Fig. 1, we consider single cell network that consists 
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of single BS denoted by eNodeB. There are C 

numbers of CU users, M number of D2D users and 
MH number of MH-D2D users

 
exists in a cell. CU 

users are considered as primary users while D2D and 

MH-D2D users are secondary users. The D2D and 

MH-D2D users denoted by UE with red color and CU 

users are denoted by CU with blue color. 

The MH-D2D pair (UE1 and UE2) can communicate 

with the help any relay among available relays (R1, 

R2, R3). The CU users (CU1…..CU8) are 

communicating in uplink mode. There are K numbers 

of resource block available for CU and D2D users. 

Under the same eNodeB, there are several MH-D2D 

pairs (UE6, UE7, and UE8, UE9) who can also 
communicate. In addition, there are multiple D2D 

pairs (UE3, UE4, and UE5, UE10) available for 

communication. The channel gain contains the path 

loss and small-scale fading. In this model, a reception 

is successful when the SINR at the receiver is above a 

SINR threshold thres .   

 
Fig.1: Communication scenario for 5G Networks 

 

The eNodeB suffer from D2D transmitter, MH-D2D 

transmitter and MH-D2D relay. The D2D receiver 
suffers from CU transmitter, other direct D2D 

transmitters, MH-D2D transmitter, and relay. The 

MH-D2D relay suffers from CU transmitter, direct 

D2D transmitter, other MH-D2D transmitters, and 

relays.  The MH-D2D receiver suffers from CU 

transmitter, direct D2D transmitters, other MH-D2D 

transmitters, and relays.     

Here, we consider for two-hop D2D communication 

which can also be further extensible for Multihop.   

The SINR at the relay side: 
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And, the instantaneous SINR at the destination side 

is: 
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The achievable data rate in the first hop can be 

expressed as:  

)1(log k
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The achievable data rate in the second hop can be 

expressed as:  
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The end-to-end data rate over resource block for the 

minimum achievable data rate between two hops can 

be expressed as:  
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Problem Formulation: The resource allocation can be 

described as follows: 
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The constraints given above are in accordance with 

the assumption taken defined for our model. The first 

constraint means that the transmitted power by the 

D2D user should be high with channel gain for better 

data rate. The constraint second means assign at least 

one resource block to each CU user.. 
 

III. PROPOSED SCHEME 

 

In this section, a graph-based resource allocation 

scheme for MH-D2D communication is proposed.   

In this scheme, BS assigns high priority to that 

resource block that creates less interference. In two-

hop D2D communication, two communication links 

are established: source-to-relay and relay-to-

destination. The BS allocates the resource block for 

both hops in random or some specified manner. The 
random resource allocation is categorized into three 

cases:  

Case1: The BS may allow reusing the same resource 

block for both hops which is already used in direct 

D2D communication.  

Case2: The BS may allow reusing the same resource 

block for the first hop and allocate another resource 

block for second hop.  

Case3: The BS can allocate the different resource 

block for both hops. 

To improve the overall network throughput, a graph-

based resource allocation scheme is proposed for the 
MH-D2D communication. In order to reduce the 

interference, the proposed scheme gives higher 

priority for allocating that resource block who 
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suffered from less interference. This graph-based 

resource allocation scheme is further divided into two 
stages. Initially, in the first stage: the weighted 

bipartite graph is constructed while in the second 

stage, the BS allocates the resource block based on 

the weighted bipartite graph. 

The weighted bipartite graph contains the vertices of 

CU users, D2D pair and MH-D2D pairs. The direct 

D2D pairs contain source and destination; however, 

MH-D2D pair has a relay device along with source 

and destination. The D2D and MH-D2D pair uses the 

resource block of CU users, thus vertices of a graph is 

divided into two parties. The first part is cellular and 

a second part is D2D pairs and MH-D2D pairs. The 
weight edges represent the relationship between 

vertices. This weight of edges is depending on the 

interference value.  Fig. 3 shows a constructed 

weighted graph for two-hop D2D communication for 

5G cellular networks. In this graph, there are two 

pieces of CU users, two direct D2D users and two 

MH-D2D users. The CU1 and CU2 represent the 

pieces of CU users. ,,1TD TD ,2  are transmitters, 

RERE DD ,2,1 , are the relay and RR DD ,2,1 ,   are the 

receiver in two-hop D2D communication. 

TT DD ,4,3 ,  are transmitters and RR DD ,4,3 ,  are 

receivers  in direct D2D communication.  The red line 

shows the interference generated by CU users and the 

red dotted line shows the interference generated by 

D2D transmitter at the D2D receiver side and relay 

side. The weight zyxW ,,  represents the interference 

value where x represents the D2D transmitter number 

or CU user number, y represents the relay or receiver, 

and z represents receiver number.  

The graph is denoted by ),,,( EvvG suc  where  
cv  

is the set of vertices of all CU users, suv  is the set of 

vertices of secondary users.  Each vertex 
cc

n vv   

represents a CU user, each vertex 
susu

mhrl vv  represents a relay, 
drsu

mhr vv   represents 

number of MH-D2D receive and 
drdr

m vv   represents 

a D2D receiver. The edge  nme ,  implies that the 

receiver of D2D pair 
su
mv shares the channel resource 

with the cellular user
c
nv .   

The edge Ee mhrn ,  implies that the receiver of MH-

D2D pair 
su
mhrv  shares the resource block with the CU 

users 
c
nv . The edge Ee mhrlm ,  implies that the relay 

of MH-D2D pair 
su
mhrlv  shares the resource block 

with the D2D users
su
mv . The edge Ee mhrm ,  

implies that the receiver of MH-D2D pair 
su
mhrv  shares 

the resource block with the D2D users 
su
mv .   

Further, the interference matrix for given bipartite 

graph is expressing in table 1. This table contains 
three fields: weight matrix, edge and interference 

power. The interference is divided in two parts: 
cI and 

SUI . The 
cI  represents the cellular 

interference and  
SUI  represent the secondary user 

(D2D and MH-D2D) interference. 

 

Weight matrix Edge Interference 

Power 

MNmn Ww ,  mne ,  c
mnI ,  

MHRLNmhrln Ww ,  mhrlne ,  c
mhrlnI ,  

MHRNmhrn Ww ,  mhrne ,  c
mhrnI ,  

'', MMmm Ww   ',mme  su
mmI ',  

MHRLMmhrlm Ww ,  mhrlme ,  su
mhrlmI ,  

MHRMmhrm Ww ,  mhrme ,  su
mhrmI ,  

'', MHRLMHRLmhrlmhrl Ww   ',mhrlmhrle  su
mhrlmhrlI ',  

MHRMHRLmhrmhrl Ww ,  mhrmhrle ,  su
mhrmhrlI ,  

'', MHRMHRmhrmhr Ww   ',mhrmhre  su
mhrmhrI ',  

Table 1: Interference matrix 

 

The BS initialized the 

matrices MNX 1 , MHRNX 2 , MHRLNX 3 , 

'4 MMX  , MHRMX 5 , MHRLMX 6 , '7 MHRMHRX  , 

'8 MHRLMHRLX   and MHRMHRLX 9  based on feedback 

model which is provided by the secondary users. 

Further, the weight 

of MNW 1 , MHRNW 2 , MHRLNW 3 , 

'4 MMW  , MHRMW 5 , MHRLMW 6 , '7 MHRMHRW  , 

'8 MHRLMHRLW   and MHRMHRLW 9 is calculated with 

respect to 

MNX 1 , MHRNX 2 , MHRLNX 3 , '4 MMX  , MHRMX 5

, MHRLMX 6 , '7 MHRMHRX  , '8 MHRLMHRLX   and 

MHRMHRLX 9 .  An interference list of the cellular 

user MIL 1  is established to collect the interference 

from other D2D pairs and MH-D2D pair (transmitter 

and relay side). Similarly, interference list of MH-

D2D pairs and direct D2D pairs MHRLIL 1 , MHRIL1  

and MIL 1 is also established to collect the 

interference from other D2D pairs and Multihop D2D 

pairs. The interference lists is send to the eNodeB 

side by the cellular and D2D and MH-D2D users. 

Once, the BS will receive the interference list which 

is sent by users, the BS starts the resource allocation 
by an iterative algorithm. In order to reduce the 

interference of the overall system, the resource with 

the minimum weight is allocated first to the requested 

MH-D2D pair. There are multiple D2D pairs and 

MH-D2D pairs (source and relay) may use same 

resource block (scenario III). Therefore, rather than 

considering the weight of only CU or single D2D 
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pairs, the BS will consider all the weight at a 

particular resource block. Thus, the BS takes a sum of 
all weight and accumulated interference as the basis 

of selecting reuse resource. For each iteration, the 

minimum weight value is selected and allocated to 

the requested users for each iteration. The same step 

is repeated until each user is not assigned the resource 

block. 

 
Fig.2: Weighted Graph based Interference for two hop D2D 

communications. 

 

IV. PERFORMANCE ANALYSIS 

 

In this section, an analytical-numerical evaluation in 

Matlab performance is done for the performance of 

two hop D2D communications for the 5G cellular 

networks. For the numerical evaluation, the program 
is run 100 times and then the average has been taken 

for plotting the graph. In this work, two-Hop D2D 

communication, and uplink communication for 

cellular is considered. Three different cases of 

random resource allocation scheme with the proposed 

scheme are considered for a multiuser multi-sharing 

scenario. The devices are randomly deployed within 

the cell area.  In table 2, a list of parameters and its 

default value is given.  
 

Parameters Value 

System type Single cell 

Cell radius 500 m 

Number of Resource Block 25 

Number of CU users 25 

Number of two-Hop D2D pairs 5,10,15, 20,25 

Max eNodeB TX power 46 dBm  

Max device power for cellular  23 dBm 

Max device power for D2D 10 dBm 

Proximity distance 40 m 
Table 2: Simulation Parameter and Value 

 

Fig. 3 shows the throughput vs. number of two-hop 

D2D pairs. The two-hop D2D pair required two 

resource blocks. Initially, there is less number of 

participating two-hop D2D pairs (up to 12) i.e up to 

24 resource blocks so interference will be created by 

the CU users. Therefore, it is observed that the 

performance of proposed scheme, as well as different 

cases of random scheme, gives a better result. And 

thereafter, the performance of all schemes will be 
going to degrade because CU users and other D2D 

pairs will create interference.  Perhaps, our scheme 

gives much better result compared to different cases 

of random resource allocation schemes 

 
Fig. 3 Throughput of Two hop D2D pairs 

 

Fig. 4 shows the throughput of CU users vs. number 

of two-hop D2D pairs. There are 25 CU users 

communicating in Uplink mode. When the two hop 

D2D pairs send the request to BS for resource 

allocation. The BS allocates the same resource block 

of CU users which create interference. This reduces 

the throughput of CU users. Initially, when the 
resource block is less shared between CU and two 

hop D2D pairs, CU user’s throughput gives a better 

result. When the number of two hop D2D pairs will 

be going to increase, the throughput of CU users will 

be going down. The Figure shows that proposed 

scheme perform better result compared to different 

cases of random resource allocation scheme.  

 

 
Fig.4: Throughput of CU users 

 

Fig. 5 represents the total throughput of the network 

vs. number of two-hop D2D pairs. The total 

throughput is the combination of all 25 CU users and 

participating two hop D2D pairs. It is observed that 
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when the number of two hops D2D pairs increase, the 

overall network throughput is increased sharply but 
after 12th two-hop D2D pairs, the overall throughput 

increases slightly. The proposed scheme performs 

better result compared with different cases of random 

resource allocation scheme. 

 
Fig. 5 Total Throughput of the network 

 

Fig. 6 represent the total interference occurred by 

two-hop D2D pair. Initially, the interference is less 

because the two hop D2D pairs share the single 

resource block with only CU users but after 12th two 

hop D2D pairs, the multiple D2D pairs share the 

same resource block along with CU users which give 
higher interference. In order to reduce this 

interference, the proposed scheme gives better result 

compared to different cases of random resource 

allocation scheme.   

 

 
Fig 6:  Total Interference of the network 

 

V. CONCLUSION 

 

This article proposes a graph-based resource 

allocation scheme for MH-D2D communication for 

5G cellular networks. The scheme consists of two 
phases namely relay selection and resource allocation 

scheme. The resource allocation scheme is based on 

graph-based technique. We have considered a 

scenario where multiple D2D pairs, MH-D2D pairs 

can share same resource block with CU user which 
create large interference. In order to reduce 

interference, a graph-based technique is applied 

where the BS gives high priority to that resource 

block which creates minimum interference. The 

performance analysis justifies the superiority of the 

proposed scheme compared to different cases of 

random resource allocation scheme. Further, the 

extension of this work is to apply recent proposed 

optimization techniques for maximizing the network 

throughput.  
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